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Disclaimer: American Association of Clinical Endocrinology clinical practice guidelines include systematically developed
recommendations to assist health care professionals in medical decision-making for specific clinical conditions. Most of the content
herein is based on scientific evidence. In areas of uncertainty, or when clarification is required, expert opinion and professional
judgment were applied.

This guideline is a working document that reflects the state of the field at the time of publication. Since rapid changes in this area

are expected, periodic revisions are inevitable. We encourage health care professionals to use this information in conjunction with
their best clinical judgment. The presented recommendations may not be appropriate in all situations. Any decision(s) by health care
professionals to apply the recommendations provided in this guideline, including prescribing of any medications, must be made in
consideration of the recommendations presented, the most recently published prescribing information for medications, local resources,
and individual patient circumstances.
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Abstract

Objective: The objective of this clinical practice guideline is to provide updated and new
evidence-based recommendations for the comprehensive care of persons with diabetes mellitus to
clinicians, diabetes-care teams, other health care professionals and stakeholders, and individuals
with diabetes and their caregivers.

Methods: The American Association of Clinical Endocrinology selected a task force of medical
experts and staff who updated and assessed clinical questions and recommendations from the
prior 2015 version of this guideline and conducted literature searches for relevant scientific papers
published from January 1, 2015, through May 15, 2022. Selected studies from results of literature
searches composed the evidence base to update 2015 recommendations as well as to develop new
recommendations based on review of clinical evidence, current practice, expertise, and consensus,
according to established American Association of Clinical Endocrinology protocol for guideline
development.

Results: This guideline includes 170 updated and new evidence-based clinical practice
recommendations for the comprehensive care of persons with diabetes. Recommendations are
divided into four sections: (1) screening, diagnosis, glycemic targets, and glycemic monitoring; (2)
comorbidities and complications, including obesity and management with lifestyle, nutrition, and
bariatric surgery, hypertension, dyslipidemia, retinopathy, neuropathy, diabetic kidney disease, and
cardiovascular disease; (3) management of prediabetes, type 2 diabetes with antihyperglycemic
pharmacotherapy and glycemic targets, type 1 diabetes with insulin therapy, hypoglycemia,
hospitalized persons, and women with diabetes in pregnancy; (4) education and new topics
regarding diabetes and infertility, nutritional supplements, secondary diabetes, social determinants
of health, and virtual care, as well as updated recommendations on cancer risk, nonpharmacologic
components of pediatric care plans, depression, education and team approach, occupational risk,
role of sleep medicine, and vaccinations in persons with diabetes.

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 5

Conclusions: This updated clinical practice guideline provides evidence-based
recommendations to assist with person-centered, team-based clinical decision-making to improve
the care of persons with diabetes mellitus.

Lay Abstract

Advances in medications and tools to monitor blood sugar are helping persons with diabetes
greatly improve control of their blood sugar levels, excess weight, high blood pressure, and quality
of life. This American Association of Clinical Endocrinology guideline provides recommendations
for the diagnosis and treatment of persons with prediabetes and diabetes and its prevention.

Care of persons with prediabetes and diabetes includes change in lifestyle with a focus on sleep,
healthy eating, and exercise. Reaching goals for blood sugar, blood pressure, fats like cholesterol,
and weight can prevent harm from diabetes to eyes, kidneys, heart, and nervous system. Many
newer, safer drugs control blood sugar and reduce risk of heart and kidney disease. Some drugs
also lower cholesterol and weight. Ways to check blood sugar levels with fingersticks or sensors
placed under the skin (continuous glucose monitors) have improved, making it easier and safer for
persons with diabetes to avoid both low and high blood sugars.

A team approach helps people best manage diabetes. The individual with diabetes is the center of
the team and should help make decisions together with their doctors. In addition to doctors, the
team may include educators, nurses, dietitians, pharmacists, foot doctors, psychologists, and other
specialists.

This guideline addresses other topics of interest to those living with or at risk for diabetes such
as health care visits by computer or phone, access to care, management of diabetes at work, sleep
disorders, depression, infertility, risk of cancer, safety of nutritional supplements, and benefits of
vaccines. Also included are specific care and treatment needs of pregnant women and those who
are hospitalized.

The American Association of Clinical Endocrinology hopes that this guideline will improve the
management of diabetes and benefit all who live with prediabetes or diabetes and their caregivers.

Keywords

antihyperglycemic medications; atherosclerotic cardiovascular disease; cardiovascular diseases;
diabetes; gestational; diabetes mellitus; diabetes mellitus, type 1; diabetes mellitus, type 2;
diabetic nephropathies; diabetic neuropathies; diabetic retinopathy; dyslipidemias; guideline;
hospitalization; hypertension; hypoglycemia; infertility; interdisciplinary communication;
metabolic syndrome; obesity; occupations; prediabetic state; pregnancy; secondary diabetes; sleep
apnea syndromes; telemedicine; vaccination

Introduction

This 2022 update of the American Association of Clinical Endocrinology (AACE) Clinical
Practice Guideline: Developing a Comprehensive Diabetes Mellitus Care Plan includes
revised and new recommendations for clinical practice based on evidence published since
the previous edition of this clinical practice guideline (CPG) in 2015.1 This updated CPG
provides evidence-based guidance to assist clinicians, diabetes-care teams, investigators,

Endocr Pract. Author manuscript; available in PMC 2023 May 21.
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educators, and other health care professionals and stakeholders with decision-making in
practice to improve prevention, diagnosis, and treatment of persons with diabetes mellitus
(DM). Unless otherwise specified, persons with DM applies to adults.

The task force evaluated a vast pool of literature to revise, update, and create
recommendations based on relevant new evidence of the highest quality that reflects
advances in the diagnosis and management of DM with available new monitoring methods
and therapies. Evidence from recent cardiovascular (CV) outcome trials (CVOTS); diabetic
kidney disease (DKD), chronic kidney disease (CKD), and heart failure (HF) trials; and
studies of antihyperglycemic therapy, diabetes technology, management of hypertension,
neuropathy, hypoglycemia, obesity, obesity medications, and antihyperglycemic medications
that also can produce significant weight reduction for the majority of those with DM

who also are overweight have informed this guideline. Goals for treatment emphasize
individualized targets for weight loss, glucose, lipids, and blood pressure (BP). In addition,
this guideline promotes personalized management of DM with a focus on safety and
advocates for a comprehensive approach to management of DM based on current evidence.
Although glycemic control parameters such as hemoglobin Alc (A1C), postprandial glucose
(PPG) excursions, fasting plasma glucose (FPG), continuous glucose monitoring (CGM)
readings of time in/below/above range, and glycemic variability have an impact on risk of
microvascular complications and CV disease (CVD), mortality, quality of life (QoL), and
other factors also affect clinical outcomes in persons with DM. Therefore, in addition to
glycemic control, recommendations consider micro- and macrovascular risk, including CV
risk factors such as dyslipidemia, hypertension, and obesity.

The AACE CPG Oversight Committee confirmed the extent of new literature and the AACE
Board of Directors approved development of this update of the 2015 AACE CPG to develop
a comprehensive plan for the care of persons with DM in adherence to the 2017 AACE
Protocol for Standardized Production of Clinical Practice Guidelines (Supplementary Tables
1-4).12 AACE followed a rigorous developmental process based on strict methodology

to systematically collect, objectively evaluate, and clearly summarize available scientific
literature to develop trustworthy recommendations for clinical practice regarding care of
persons with DM.

A methodologist conducted comprehensive literature searches in PubMed using medical
subject headings, field descriptions, and free-text terms to identify all possible studies that
included human participants and were published in English between January 1, 2015, and
May 15, 2022. Bibliographies of select articles were also reviewed to ensure inclusion of
all possibly relevant studies. The literature searches, examination of reference lists from
primary and review articles, and identification of online sources yielded an evidence pool
of 11,606 discrete potential references, of which 1871 citations—1840 articles (including
late-breaking/supplementary articles) and 31 web links—were included to support this
guideline’s recommendations and background information.

Endocr Pract. Author manuscript; available in PMC 2023 May 21.
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At least 2 task force authors screened titles and abstracts of broad pools of evidence found in
literature searches for each topic and submitted decisions to include or exclude each article
along with rationale for exclusion. Disagreements about inclusion among reviewers were
resolved by consensus with task force chairs and team leaders. Through this process, authors
conducted a thorough appraisal of evidence based on the full scope of available literature to
determine studies that best support each recommendation.

AACE methodologist and staff assigned evidence levels (ELs) 1 to 4 and study types to
included studies according to established AACE evidence ratings (Supplementary Table 1).
The task force considered the quality of each article in addition to ELs and study types to
inform assigned grades for recommendations, which reflect the confidence and strength

of evidence in aggregate (Supplementary Table 2 and 3). Recommendation qualifiers

and subjective factors also informed the overall grade assigned to each recommendation
(Supplementary Table 4). For some issues related to clinical practice and the care of
persons with DM, there is little evidence of high quality available. Where the task force
determined guidance to be necessary despite a lack of available supporting literature,

a recommendation was developed based on expert opinion and consensus of task force
authors’ collective experience, knowledge, and judgment. Therefore, although randomized
controlled trials (RCTs) and meta-analyses of these trials (rated the highest EL 1) support
many recommendations, derivative EL 4 publications that include other primary evidence
(rated EL 1, EL 2, and EL 3) are sometimes also cited. This CPG is intended to complement
other previously published AACE DM-related guidelines and consensus statements as well
as other organizations” DM-related guidance.

Questions related to clinical practice provide the framework for this guideline with answers
in the form of recommendations. Task force authors revised prior questions where necessary
and submitted contributions for new questions, which were integrated into the final
document. This CPG includes 31 questions that cover the spectrum of DM management and
170 actionable clinical practice recommendations that provide brief, evidence-based answers
to each question. Evidence bases summarize clinical context with a brief discussion of the
best available scientific literature to support recommendations that answer corresponding
questions. Although recommendations are concise and actionable, the evidence base for
each specific topic provides additional information that explains the guidance for best
clinical practice.

Table 1 lists all revised and new questions. Table 2 provides a summary of all questions and
recommendations. Table 3 lists all tables, figures, and supplementary tables.

Task force authors discussed each recommendation in this updated CPG to achieve
consensus regarding actionable language and grades of recommendations. Task force chairs
and team leaders provided oversight throughout the entire development process. Semantic
descriptors of “must,” “should,” and “may” generally but not strictly correlate with Grade
A (strong), Grade B (intermediate), and Grade C (weak) recommendations, respectively;
each semantic descriptor can be used with Grade D (no conclusive evidence and/or

expert opinion) recommendations.? Deviations from this mapping take into consideration
further decision-making based on clinical expertise. Thus, the process leading to a final

Endocr Pract. Author manuscript; available in PMC 2023 May 21.
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recommendation and grade was not rigid and incorporated expert discussion of objective and
subjective factors that reflect optimal real-life clinical decision-making to enhance care of
persons with DM whose individual circumstances and presentations differ. Ultimate clinical
management is based on a combination of the best interest and input of each person with
DM and reasonable clinical judgment of clinicians and diabetes care teams.

Limitations of the Literature

In the continually expanding and rapidly evolving literature on DM, there is significant
heterogeneity among studies, including but not limited to differences in study design,
comparators, and outcomes, as well as age, duration of DM, and other characteristics

of participants. Many RCTs have employed an open-label design with potential bias or
implemented a crossover design with an inherent limitation because the order of treatments
may affect outcomes. Many well-designed studies are sponsored to some degree by industry,
posing another challenge to interpretation, even though coordinating academic centers may
have collected and analyzed data independently of sponsors. Recognizing these limitations,
grading of the evidence base was informed by trial design, potential generalizability, risks,
harms, and benefits.

Key Updates

. Section 1, Screening, diagnosis, glycemic targets, and glycemic monitoring:
Screening criteria for the diagnosis of DM along with glycemic targets have
been refreshed for 2022. Incorporation of advances in CGM has been strongly
recommended in insulin-treated persons with type 1 diabetes (T1D) and type 2
diabetes (T2D).

. Section 2, Management of comorbidities, including obesity and its
management with lifestyle, nutrition, and bariatric surgery; hypertension;
dyslipidemia; and complications: retinopathy, neuropathy, DKD or CKD
in DM, and CVD: Recognizing the importance of an individualized
approach, person-centric recommendations for management of hypertension
and dyslipidemia in those with DM have been updated. The importance of
weight management throughout the natural history of DM has been stressed
throughout the document. Recommendations on the prevention and management
of retinopathy, neuropathy, and DKD or CKD in DM have been refreshed with
consideration of the most recent advances. For those with DM and comorbidity
of CVD or at high risk for CVD, the focus has shifted to the utility of
antihyperglycemic agents and their impact on improving CV outcomes in those
with atherosclerotic CV disease (ASCVD), HF, and/or with cerebrovascular
disease.

. Section 3, Management of prediabetes, T2D, and T1D with
selection of glycemic targets, lifestyle interventions, antihyperglycemic
pharmacotherapy (insulin therapy for all with T1D and select individuals
with T2D); prevention, identification, and treatment of hypoglycemia;
treatment of hospitalized persons with DM or those with hyperglycemia

Endocr Pract. Author manuscript; available in PMC 2023 May 21.
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without diagnosis of DM; and women with GDM: Recommendations on
identifying persons with prediabetes and incorporating validated approaches

to prevention of DM and CV complications are included. In addition to a
person’s social and medical scenarios, other factors suchas hypoglycemia,
weight gain/loss, CVoutcomes, Kidney outcomes, and adverse events have been
considered in the most appropriate therapeutic choices. When appropriate and
safe, emphasis on early combination therapy and early titration to combination of
complementary pharmacotherapies is encouraged.

Section 4, Education and new topics regarding DM and infertility,
nutritional supplements, posttransplantation, secondary diabetes, social
determinants of health (SDOH), and virtual care, as well as updated
recommendations on cancer risk, nonpharmacologic components of
pediatric plans, depression, education and team approach, occupational
risk, role of sleep medicine, and vaccinations in persons with DM: Common
questions confronting clinicians in caring for those with DM are addressed

in this section. Educational approaches and delivery of telehealth/virtual care,
with recent studies of new platforms, are reviewed. Akin to pharmacologic
therapies, no one approach is ideal for every individual with DM. Evidence-
based recommendations are provided to approach male and female infertility,
posttransplant diabetes, and secondary diabetes. Recommendations on topics
that impact QoL such as sleep hygiene, depression, SDOH, and type of
occupation are also included. During their care, persons with DM often ask
about nutritional supplements and risk of cancer due to their condition or

to their antihyperglycemic medications, which led to inclusion of several
pragmatic safety-oriented recommendations. Finally, the use of vaccinations is
recommended to maintain public health as well as to mitigate specific higher
risks among those with DM.

Recommendations and Evidence Bases

Section 1: Screening, Diagnosis, Glycemic Targets, and Glycemic Monitoring

Question 1. How is the diagnosis of DM made and what is the current
screening protocol for prediabetes and diabetes?

Recommendation 1.1: The diagnosis of DM is based on the following criteria (Table 4):

FPG concentration 126 mg/dL (after 8 hours of an overnight fast), or

Plasma glucose (PG) concentration 200 mg/dL 2 hours after ingesting a 75-g oral
glucose load after an overnight fast of at least 8 hours, or

Symptoms of hyperglycemia (eg, polyuria, polydipsia, polyphagia) and a random
(nonfasting) PG concentration =200 mg/dL, or

A1C level =6.5%

Endocr Pract. Author manuscript; available in PMC 2023 May 21.
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Diagnosis of DM requires 2 abnormal test results, either from the same sample or 2
abnormal results on samples drawn on different days. However, a glucose level 2200 mg/dL
in the presence of symptoms for DM confirms the diagnosis of DM.

Grade A; BEL 2 and expert opinion of task force

Recommendation 1.2: Prediabetes is identified by the presence of impaired fasting glucose
(IFG) (100 to 125 mg/dL), impaired glucose tolerance (IGT), which is a PG value of 140

to 199 mg/dL 2 hours after ingesting 75 g of glucose, and/or A1C value between 5.7% and
6.4% (Table 4). A1C should be used only for screening for prediabetes. The diagnosis of
prediabetes, which may manifest as either IFG or IGT, should be confirmed with glucose
testing.

Grade B; BEL 2

Recommendation 1.3: T1D is characterized by marked insulin deficiency in the presence
of hyperglycemia and positive autoantibody tests to glutamic acid decarboxylase (GAD65),
pancreatic islet b cells (tyrosine phosphatase I1A-2), and IA-2b zinc transporter (ZnT8),
and/or insulin. The presence of immune markers and clinical presentation are needed to
establish the correct diagnosis and to distinguish between T1D and T2D in children or
adults, as well as to determine appropriate treatment.

Grade A; BEL 2

Recommendation 1.4: T2D is characterized by progressive loss of b-cell insulin secretion
and variable defects in insulin sensitivity. T2D is often asymptomatic and can remain
undiagnosed for many years; therefore, all adults 35 years of age with risk factors should be
screened for DM (Table 5).

Grade A; BEL 1

Recommendation 1.5: GDM is defined as carbohydrate intolerance that begins or is first
recognized during pregnancy and resolves postpartum. Pregnant women with risk factors for
DM should be screened at the first prenatal visit for undiagnosed T2D using standard criteria
(Table 4).

Grade B; BEL 1

Recommendation 1.6: Screen all pregnant women for GDM at 24 to 28 weeks’ gestation.
Diagnose GDM with either the one-step or the two-step approach.

. The one-step approach uses a 2-hour 75-g oral glucose tolerance test (OGTT)
after >8 hours of fasting with diagnostic cutoffs of one or more FPG =92 mg/dL,
1-hour PG =180 mg/dL, or 2-hour PG =153 mg/dL.

. The two-step approach uses a nonfasting 1-hour 50-g glucose challenge test with
1-hour PG screening threshold of 130 or 140 mg/dL. For women with a positive
screening test, the 3-hour 100-g OGTT is used for diagnosis with 2 or more PG
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tests that meet the following thresholds: FPG =95 mg/dL, 1-hour 2180 mg/dL,
2-hour 2155 mg/dL, 3-hour =140 mg/dL.

Grade A; BEL 1

Recommendation 1.7: Clinicians should consider evaluation for monogenic DM in any
child or young adult with an atypical presentation, clinical course, or response to therapy.
Monogenic DM includes neonatal diabetes and nonautoimmune diabetes of multiple genetic
causes, also known as maturity-onset diabetes of the young (MODY). Most children with
DM occurring under age 6 months of age have a monogenic cause as autoimmune T1D
rarely occurs before 6 months of age. Other monogenic forms of diabetes are characterized
by mutation of genes of transcription factors, genes regulating pancreatic development or
atrophy, abnormal insulin genes, genes related to endoplasmic reticulum stress that impair
insulin secretion, or abnormal glucokinase genes that cause impaired insulin signaling.

Grade B; BEL 2

Evidence Base 1: How is the diagnosis of DM made and what is the current screening
protocol for prediabetes and DM?

Diagnosis of DM—DM refers to a group of metabolic disorders that result in
hyperglycemia, regardless of the underlying etiology. DM is diagnosed by using any

of 3 established criteria for elevated blood glucose (BG) concentrations (Table 4). FPG
>126 mg/dL, 2-hour PG = 200 mg/dL during 75-g OGTT, and A1C = 6.5% are equally
appropriate for diagnostic screening (Table 4). The concordance between FPG, 2-hour PG,
and A1C is not perfect; thus, the diagnosis of DM requires 2 different (fasting glucose and
A1C) abnormal test results, either from the same sample or 2 abnormal results on samples
drawn on different days.3-> A glucose level =200 mg/dL in the presence of hyperglycemia
symptoms such as polyuria and polydipsia confirm the diagnosis of DM.8 In individuals
with discordant results from 2 different tests, the test result that is above the diagnostic cut
point should be repeated on a different day.*

The A1C captures chronic hyperglycemia and is the gold standard for assessment of
long-term glycemic control and risk of chronic micro- and macrovascular complications;
however, analyses of the fidelity of DM diagnosis using A1C have reported a lower
sensitivity than FPG or 2-hour OGTT.#27-10 A1C is known to be affected by nonglycemic
factors such as changes in red blood cell maturity and survival and impaired renal function.
ALC levels may be 0.4% to 0.6% higher in Blacks and Hispanics compared with Whites,
despite equivalent levels of hyperglycemia in those with T2D.11-17 In view of physiological
changes in pregnancy that could affect glycated hemoglobin levels, A1C should not be used
for GDM screening or diagnosis of DM.1819

Classification of DM—DM is classified as T1D, T2D, GDM, monogenic DM, and other
less common conditions, such as diabetes related to pancreatic disease, drug-induced, or
rare insulin resistance and mitochondrial syndromes.®20:21 T1D accounts for 5% to 10%
of all DM cases and occurs more commonly in children and young adults but can occur

at any age. It is also more common in persons of European ancestry and is caused by
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absolute insulin deficiency that usually results from an immune-mediated destruction of
the pancreatic b cells. The presence or absence of autoimmune markers (autoantibodies to
glutamic acid decarboxylase [GADG65], pancreatic islet b cells [tyrosine phosphatase 1A-2],
and 1A-2b zinc transporter [ZnT8], and/or insulin) in addition to the clinical presentation
may help establish the correct diagnosis to distinguish between T1D and T2D in children
or adults.22-27 Over 90% of newly diagnosed persons with T1D have 1 or more antibodies.
The presence of >2 antibodies in a relative without diabetes of a person with T1D is

highly predictive of developing T1D within 5 years. However, some forms of T1D have no
evidence of autoimmunity and have been termed idiopathic. The clinical presentation and
rate of b-cell destruction progression is variable, with higher rates of ketosis in children
and slower progression in older adults. In some individuals with T1D in adulthood, the
clinical presentation may follow a more indolent course (termed latent autoimmune diabetes
in adults) with slower decline in b-cell insulin secretion. Many of these individuals are
initially misdiagnosed as having T2D until the progression of insulin deficiency leads to
insulin dependence.

Severe insulinopenia in T1D predisposes persons to diabetic ketoacidosis (DKA). However,
DKA can also occur in persons with T2D.28-31 Worldwide epidemiological studies have
reported that between 13% and 80% of individuals with T1D present with DKA. The
percentage of adults with T2D who present with DKA at diagnosis is unknown; however,
the number of people with ketosis-prone or atypical T2D has increased. Ketosis-prone T2D
most frequently occurs among Blacks of African ancestry or persons who identify as Afro-
Caribbean or Hispanic. In contrast to the long-term insulin requirement of autoimmune T1D,
many persons with ketosis-prone T2D can discontinue insulin after a few months of therapy
and maintain acceptable glycemic control for many years on either diet or noninsulin
therapies. At presentation, persons with ketosis-prone T2D have significant impairment

of both insulin secretion and insulin action; however, at the time of near-normoglycemia
remission, insulin secretion and action improve to levels similar to hyperglycemic persons
with ketosis-resistant T2D.

T2D is considered a polygenic condition with considerable heterogeneity in degrees of
insulin deficiency and resistance and accounts for >90% of all cases of DM.32 Most persons
with T2D are overweight or obese and have multiple risk factors for DM (Table 5). Insulin
resistance and concurrent relative insulin deficiency and glucagon dysregulation underlie
T2D pathophysiology.33-3% The Centers for Disease Control and Prevention (CDC) has
reported a higher prevalence of diagnosed DM in African Americans, Hispanic Americans,
and other persons of non-European origin compared with European Americans.36:37 T2D
remains undiagnosed for years in many affected persons because they are frequently
asymptomatic; therefore, screening individuals with multiple risk factors is needed to reduce
the risk of long-term complications.38:39 Up to 25% of persons with T2D have already
developed at least 1 microvascular complication by the time of diagnosis.40:41

Monogenic diabetes accounts for 1% to 3% of DM diagnosed under 30 years of age (~0.4%
of all DM) and frequently occurs in pubertal children or young adults <35 years of age.
Many, but not all, will have a family history over 3 generations.*2-47 Monogenic diabetes
includes neonatal diabetes, MODY, and diabetes associated with a variety of syndromes,

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 13

including mitochondrial disorders, lipodystrophy syndromes, Wolfram syndrome, and many
others. Because most types of MODY are autosomal dominant disorders, affected people
have a 50% chance of passing along the gene mutation to their children. There are 14

genes that have been implicated as causes of MODY accounting for 11 different types of
MODY.4849 Establishing the correct diagnosis is important as appropriate treatment varies
with the type of gene defect. MODY 2 can usually be managed with diet alone, while
sulfonylurea (SU) therapy may be effective in MODY 1, 3, and 4.

Other causes of DM include diseases of the exocrine pancreas including (but not limited
to) pancreatitis, trauma, cystic fibrosis, neoplastic disease, posttransplant diabetes, and
iron deposition in hemochromatosis. Endocrine disorders including Cushing syndrome,
acromegaly, glucagonoma, and pheochromocytoma can induce insulin resistance and T2D.
Hyperglycemia may also be associated with the use of certain medications. Beyond the
well-known agents (glucocorticoids, nicotinic acid, thiazides, interferon gamma, high-dose
statins), agents such as atypical antipsychotics, immune checkpoint inhibitors, P13 kinase
inhibitors, tacrolimus, and octreotide have been shown to induce DM. Pathogenesis can

be multifactorial with management depending on the severity of hyperglycemia. Careful
follow-up for progression or regression of DM is necessary.

Screening and Diagnosis of GDM—AII pregnant women should be screened for

GDM at 24 to 28 weeks’ gestation. Universal screening is recommended, as selective
screening (only in women with risk factors) would miss a significant number of women with
GDM and universal screening has been shown to be cost-effective compared with selective
screening.®20-55 Children born to women with GDM have increased incidence of childhood
adiposity and development of IGT in children aged 10 to 14 years compared with children
born to mothers without GDM.56:57

GDM can be diagnosed with either the one-step or the two-step approach using the
OGTT.58 The one-step approach consists of the 2-hour 75-g load oral glucose load after

an overnight fast to diagnose GDM as recommended by the International Association

for Diabetes and Pregnancy Study Groups criteria.?52:54.55.59-63 The criteria for GDM

are fasting glucose level 292 mg/dL, 1-hour postglucose challenge value =180 mg/dL, or
2-hour value =153 mg/dL. These criteria are based on trials such as the Hyperglycemia and
Pregnancy Outcomes (HAPO) study.®9:64 The International Association for Diabetes and
Pregnancy Study Groups criteria result in overall higher percentages of women diagnosed
with GDM. Until recently, there were no large RCTs comparing the effect of one-step and
two-step approaches on maternal and neonatal outcomes. An RCT performed at the Kaiser
Permanente health systems in California and Hawaii examined the one-step (75 g) and the
two-step (50 g) sequential approach on neonatal and gestational outcomes.5® The study
randomized 23,792 women to either the one-step or two-step approach. The diagnosis of
GDM was twice as high in the one-step group compared with the two-step group (16.5%
vs 8.5%). However, there were no differences in neonatal or maternal outcomes between
the 2 approaches.%° The higher diagnosis of GDM in the one-step approach can lead to
more resource utilization for subsequent maternal treatment and fetal monitoring.55:59.66

It should be noted that only 66% of the women randomized to the one-step approach
adhered to the screening, whereas 92% of the women randomized to the two-step approach
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adhered to the assigned screening process. With the two-step sequential screening approach
using a nonfasting 1-hour 50-g glucose challenge test between 24- and 28-weeks’ gestation,
screening cutoffs are 130 mg/dL (90% sensitivity) or 140 mg/dL (80% sensitivity).6” For
women with a positive screening test, the 3-hour 100-g OGTT following 8 or more hours of
no caloric intake, GDM is diagnosed if 2 or more PG values meet or exceed the following
thresholds: fasting level of 95 mg/dL, 1-hour level of 2180 mg/dL, 2-hour level of =155
mg/dL, or 3-hour level of 140 mg/dL .58

Question 2. What are the glycemic treatment goals for persons with DM?

2.1 Outpatient Glucose Targets for Nonpregnant Adults

Recommendation 2.1.1: An A1C level of <6.5% is recommended for most nonpregnant
adults, if it can be achieved safely. To achieve this target A1C level, FPG may need to be
<110 mg/dL, and the 2-hour PPG may need to be <140 mg/dL (Table 6). Glucose targets
should be individualized with consideration for life expectancy, disease duration, presence or
absence of micro- and macrovascular complications, CVD risk factors, comorbid conditions,
and risk for hypoglycemia, as well as a person’s cognitive and psychological status.

Grade A; BEL 1

Recommendation 2.1.2: Adopt less stringent glycemic goals (A1C 7% to 8%) in persons
with a history of severe hypoglycemia, hypoglycemia unawareness, limited life expectancy,
advanced renal disease, extensive comorbid conditions, or long-standing DM in which the
ALC goal has been difficult to attain despite intensive efforts, so long as the person remains
free of hyperglycemia-associated symptoms.

Grade A; BEL 1

2.2 Inpatient Glucose Targets for Nonpregnant Adults

Recommendation 2.2: For most hospitalized persons with hyperglycemia in both the
intensive care unit (ICU) and non-1CU settings, a glucose range of 140 to 180 mg/dL is
recommended, provided this target can be safely achieved (Table 6).

Grade A; BEL 1

2.3 Outpatient Glucose Targets for Pregnant Women

Recommendation 2.3: In women with GDM, the following glucose goals are
recommended: fasting and PPG concentration <95 mg/dL and either a 1-hour postmeal
glucose value <140 mg/dL or a 2-hour postmeal glucose value <120 mg/dL.

In women with preexisting T1D or T2D who become pregnant, it is recommended that
glucose be controlled to meet the following goals, but only if the goals can be safely
achieved: premeal, bedtime, and overnight glucose values between 60 and 95 mg/dL; a
1-hour PPG value between 110 and 140 mg/dL; a 2-hour glucose 100 to 120 mg/dL.
A secondary target would be an A1C level of <6% if it can be accomplished without
significant hypoglycemia.
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Grade A; BEL 1

Evidence Base 2.1: Outpatient Glucose Targets for Nonpregnant Adults

There is no dispute that elevated glucose levels are associated with micro- and
macrovascular complications of DM. Similarly, it has been accepted that strategies aimed
at lowering glucose concentrations can lead to lower rates of microvascular and perhaps
macroangiopathic complications.®9 Significant reductions in the risk or progression of
nephropathy were seen in the Action in Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evaluation (ADVANCE) trial, which targeted an
ALC <6.5% in the intensive therapy group vs standard approaches.”® Landmark trials

near the turn of the 21st century confirmed that intensive approach to control was not
necessarily associated with reduced CVD complication rates.”* Duration of DM and
preexisting ASCVD appeared to negate the benefit of improved glycemic control. This data
derived from older clinical trials, relying on therapies associated with hypoglycemia, must
be interpreted in the context of recent positive CVOTSs with 3 new classes of medications
not associated with hypoglycemia. The newer classes of antihyperglycemic agents appear to
be either neutral (dipeptidyl peptidase 4 [DPP-4] inhibitors) or successful (glucagon-like
peptide-1 receptor agonist [GLP-1 RA] or a sodium glucose cotransporter 2 inhibitor
[SGLT2i]) in lowering the risk of CVD complications in those with T2D.

Epidemiologic evidence shows a continuous relationship between A1C and CVD and all-
cause mortality.”2

No RCTs have yet established optimal glycemic targets in persons with T2D. Professional
organizations have relied on results from existing intervention trials achieving improved
A1C levels and epidemiologic analyses of various studies to arrive at consensus statements
or expert opinions regarding targets. Thus, some have recommended a general target A1C
level 6.5%, while others have recommended a general target of <7%.73~"° The potential
risks of intensive glycemic control may be obviated by incorporating agents that are not
associated with hypoglycemia, especially in persons with frequent severe hypoglycemia,
hypoglycemia unawareness, or a very long duration of DM, and particularly in the presence
of established and advanced atherosclerosis, advanced age, and terminal illness.59.70.76-81

Moreover, in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial,
mortality increased with increasing A1C among intensively treated persons, with excess
mortality only affecting persons whose A1C remained >7%.82 Similar U-shaped curves
were found in a 7-year observational study of persons with T1D and a 22-year observational
study of >20,000 persons with T2D.83:84 A corollary of this issue is the safety of those
therapies in view of the demonstrated increase of frequency of severe hypoglycemia during
attempts at intensive glycemic control.”0.76.80.85.86 Ag discussed in Q14. How should
hypoglycemia be managed?, much of the mortality in the ACCORD trial may have been
related to hypoglycemia, and the hazard ratio (HR) for hypoglycemia-associated deaths was
actually higher in the standard treatment than the intensive therapy groups.8’

As discussed in Q12. How can glycemic targets be achieved in persons with T2D? as
well as in the AACE Comprehensive Type 2 Diabetes Management Algorithm,”3 some
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newer therapies carry a lower risk of hypoglycemia, which may enable more persons

to safely achieve individualized target A1C levels.59:88-90 |n addition, for persons with
established ASCVD or multiple ASCVD risk factors, HF, or CKD, a GLP-1 RA or an
SGLT2i with demonstrated CVD benefit is recommended as part of a glucose-lowering
regimen independent of A1C. In such persons, GLP-1 RA and SGLT2is have been shown
to have beneficial CVD benefits as well as benefits on indices of CKD (see Q12. How can
glycemic targets be achieved in persons with T2D?).

Evidence Base 2.2: Inpatient Glucose Targets for Nonpregnant Adults

Inpatient hyperglycemia is associated with increased complications including surgical site
infections, mortality, and increased length of hospital stay.91-93 The level of hyperglycemia
at which complications occur is debated. In the surgical ICU, earlier studies have indicated
that intensive glucose control (80 to 110 mg/dL) inconsistently resulted in decreased

length of stay.94-9¢ The Normoglycemia in Intensive Care Evaluation and Survival Using
Glucose Algorithm Regulation study showed that more aggressive glucose targets of 81

to 108 mg/dL compared with a conventional glucose target (<180 mg/dL) in the ICU

did not change length of stay, number of days needing mechanical ventilation, or need

for renal replacement therapy.%> However, the intensively controlled group had increased
mortality and higher rates of hypoglycemia.997 Lower levels of glycosylated hemoglobin
in patients undergoing cardiac surgery are associated with a lower risk of early and late
mortality, as well as in the incidence of postoperative acute kidney injury (AKI), neurologic
complications, and wound infections.98:99

Further, the history of DM makes a difference as to whether postoperative complications
occur. Those without preexisting DM or stress hyperglycemia have a higher incidence of
more postheart surgery complications.?1100-103 |ntensive glycemic control post-operatively,
compared to less intensive targets, has resulted in equivocal or mixed results; however, other
studies have shown no benefits,94:100.101,104 |ntensive targets result in hypoglycemia, which,
in turn, results in higher complications.105:106 Therefore, we recommend a glucose target of
140 to 180 mg/dL in the ICU setting. More intensive targets can be used (110 to 140 mg/dL)
if they can be achieved without hypoglycemia.

It is unclear whether the targets for the ICU should be the same in the non-ICU setting.
Overall, studies have shown that treatment including a basal insulin regimen resulted in
better glycemic control compared with sliding-scale insulin alone.92:107-109 The petter
glycemic control resulted in improvements in rates of postsurgical complications.%2 Most
studies of inpatient DM have treated to goal glucose levels 110 to 140 or 140 to 180 mg/dL.
Large multicenter studies are needed to assess which glycemic targets predict complications
while avoiding hypoglycemia. With CGM being used more frequently in the inpatient
setting, lower targets may be achieved while avoiding hypoglycemia.

Evidence Base 2.3: Outpatient Glucose Targets for Pregnant Women

Elevated BG levels at conception and during the early first trimester are associated with
increased rates of congenital malformations, spontaneous abortion, intrauterine fetal demise,
pre-eclampsia, preterm delivery, and perinatal mortality.119-114 Therefore, preconception
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counseling is essential for women with T1D and T2D to minimize pregnancy risks. The
goals of preconception care should be tight glycemic control with an A1C <6.5%, without
significant hypoglycemia, which will lower risks of congenital malformations, preeclampsia,
and perinatal mortality.113

The HAPO study showed that increasing glycemia is associated with increased
neonatal adverse outcomes such as macrosomia, neonatal hypoglycemia, and cesarean
delivery,64.115-119

The targets for glycemic control during pregnancy for women with preexisting DM

and GDM are based on the physiology of nondiabetic pregnancies. The A1C target of

<6% is recommended as A1C =6% in the second and third trimesters was associated

with macrosomia in persons with T1D in the Diabetes and Pre-Eclampsia Intervention
Trial 120 Further, during pregnancy, A1C is reduced in women without GDM compared
with nonpregnant women.121 One observational study in Australia in women with GDM
examined the impact of reference glucose control (fasting glucose <98 mg/dL [5.5 mmol/L],
2-hour postprandial <126 mg/dL [7 mmol/L]) or tight glucose control (fasting <90 mg/dL
[5 mmol/L], 2-hour PPG <120 mg/dL [6.7 mmol/L]) on neonatal outcomes.11°> The

study showed no difference in birthweights with the different glycemic targets. However,
women with tighter glycemic control had higher adverse maternal outcomes such as
increased cesarean section rates. There is an ongoing RCT (TARGET) that will assess

the effect of tight glycemic control on both perinatal and maternal outcomes.116 In

women with preexisting DM and GDM, postprandial rather than preprandial glucose levels
were associated with better neonatal and maternal outcomes.117:122 Therefore, we suggest
checking PPG levels in addition to fasting glucose and to target 2-hour BG of <120 mg/dL
and a 1-hour BG <140 mg/dL, as there are no RCTSs at the moment to inform us as to the
best glycemic target.

CGM may help women achieve glucose goals and reduce hypoglycemia during pregnancy.
Use of CGM can accurately identify glycemic patterns among pregnant women with DM.
Data from RCTs on the effects of CGM use on maternal and fetal outcomes are limited

and results are inconsistent. The CONCEPTT study’s participants were randomly assigned
to either CGM in addition to capillary glucose monitoring or capillary glucose monitoring
alone and showed a modest reduction in A1C levels, increased time in target, reduced
hyperglycemia, and less glycemic variability.123 There was also lower incidence of large

for gestational age (odds ratio [OR], 0.51; 95% CI, 0$28-0.90; £=.0210), fewer neonatal
intensive care admissions lasting more than 24 hours (0.48; 95% ClI, 0.26-0.86; P=.0157),
fewer incidences of neonatal hypoglycemia (0.45; 95% ClI, 0.22-0.89; £=.0250), and 1-day
shorter length of hospital stay (£=.0091) in women with T1D on multiple daily injections
(MDI) or continuous subcutaneous insulin infusion (CSII). Improved glycemic control may
result in improved neonatal health outcomes attributed to reduced exposure to maternal
hyperglycemia. Some studies of CGM have included women with T1D and T2D and were
performed with intermittently scanned CGM (isCGM) or blinded CGM, which did not show
differences in neonatal outcomes. 124125

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 18

The use of CGM in women with GDM is limited. Some observational cohort studies that
reported that the use of CGM resulted in lower mean glucose, lower standard deviation,
and a higher percentage of time in target range were associated with lower risk of large-for-
gestational-age births and other adverse neonatal outcomes.126:127 Although the available
evidence is not strong to support use of CGM in pregnant women with T2D and GDM

for maternal or neonatal benefits, it may be used in select persons who are at risk for
hypoglycemia, especially those treated with insulin. With improving CGM technology,
increased acceptability by pregnant women with DM is anticipated.

Question 3: When and how should glucose monitoring be used?

Recommendation 3.1—A1C should be measured at least semiannually in all persons
with DM and at least quarterly in persons not at their glycemic target.

Grade B; BEL 2

Recommendation 3.2—All persons who use insulin should use CGM or perform BG
monitoring (BGM) a minimum of twice daily and ideally before any insulin injection. More
frequent BGM may be needed by persons who are taking multiple insulin injections, persons
not at A1C targets, or those with history of hypoglycemia. Persons who do not require
insulin or insulin secretagogue therapy may often benefit from BGM, especially to provide
feedback about the effects of their lifestyle choices (diet and physical activity), and to assess
response to pharmacologic therapy.

Grade A; BEL 1

Recommendation 3.3—Real-time CGM (rtCGM) or isCGM is recommended for all
persons with T1D, regardless of insulin delivery system, to improve AL1C levels and to
reduce the risk for hypoglycemia and DKA.

Grade A; BEL 1

Recommendation 3.4—rtCGM or isCGM is recommended for persons with T2D who
are treated with insulin therapy or who have high risk for hypoglycemia and/or with
hypoglycemia unawareness.

Grade A; BEL 1

Evidence Base 3: When and how should glucose monitoring be used?

Current glucose monitoring strategies can be classified into 2 categories: patient self-
monitoring, which would allow individuals to change behavior (diet and/or exercise)

or medication dose (most often insulin), and long-term assessment, which allows both

the person with DM and the clinician to evaluate overall glucose control and risk for
complications over weeks or months. Current forms of self-monitoring include BGM and
CGM, whereas long-term assessment is most often by A1C. A1C is considered the current
gold standard for monitoring chronic hyperglycemia and provides an indication of the
average of BG levels over the previous 3 months. It is associated with the risk for the
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development of long-term complications. However, A1C does not inform individuals about
BG values on a daily basis; therefore, frequent measurements of BG levels are necessary for
the day-to-day management of DM.

Glycated hemoglobin is quantified most commonly with methods that distinguish it from
nonglycated hemoglobin on the basis of either charge (cation-exchange chromatography,
electrophoresis, isoelectric focusing) or structural characteristics (affinity chromatography,
immunoassays). A1C reflects average glycemia over the lifespan of the red blood cell (100
to 120 days), but 50% of A1C is determined by glycemia during the month preceding
measurement. A1C is the metric used in clinical trials to assess the benefits of improved
glycemic control.128 The frequency of A1C testing should depend on the clinical situation
and treatment regimen. A1C should be measured at least twice yearly in all persons with
DM and at least quarterly in persons not at target.12°

Currently, 99% of laboratories in the United States use a standardized and certified assay
traced to the Diabetes Control and Complications Trial.#130 More recently, using CGM,
each level of A1C was measured as “estimated average glucose.”3! There are numerous
populations in which A1C may not reflect average glucose.132:133 These reasons can include
changes in erythrocyte survival time (eg, hemolysis, splenomegaly, or use of epoetin alfa),
alterations in the hemoglobin molecule (hemoglobinopathies), iron status, or recent blood
transfusion.#14.134 Renal failure also results in a different A1C level than would be seen in
those with normal kidney function.235 In numerous cohorts and in national data, it has been
shown that Blacks have higher A1C values than Whites in both the presence and absence
of DM.12.13.133,136 Hjspanic Americans have values of A1C that are intermediate between
Blacks and Whites.136

Current glucose meters perform rapid tests with small blood volumes and are easily operated
by laypersons with DM in the outpatient setting.137 They are equipped with a variety of
features, ranging from storing results of glucose tests performed to simple pattern analysis,
audible reporting of results, and wireless connectivity to smartphones. The Institutional
Organization for Standardization specifies requirements for in vitro glucose monitoring
systems that measure capillary BG for specific design verification procedures and for

the validation of self-measurement performance by laypersons with DM.138-140 The 2013
Institutional Organization for Standardization 15 197 standard for glucose meter accuracy
is stricter than the 2003 version. The standard requires that 95% of values fall within £15
mg/dL for glucose <100 mg/dL and within £15% at =100 mg/dL.140.141 |n addition, at least
99% of pooled results shall fall within zones A and B of the consensus error grid.140.141

Frequency of BGM (in a retrospective analysis) has been shown to be predictive of A1C
levels.142-146 |n persons who are not using insulin, regular BGM did not result in significant
differences in glycemic control.147-150 Use of structured BGM data to adjust medications is
associated with greater A1C decreases than unstructured BGM.151.152

CGM has emerged as a standard of care for persons with DM who are treated with intensive
insulin therapy. The indication for using new technologies and CGM for the management
of DM was reported in the 2021 AACE Clinical Practice Guideline: The Use of Advanced
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Technology in the Management of Persons with Diabetes Mellitus.153 Based on the results
of multiple studies reporting a strong linear relationship between percent time in range (TIR)
(70-180 mg/dL) and A1C in persons with T1D and T2D, AACE recommends 2 metrics,
percent TIR (>70%) and percent time below range (<70 mg/dL [<4%] and <54 mg/dL
[<1%]), to be used as a starting point for the assessment of quality of glycemic control

and as the basis for therapy adjustment.154.155 The primary goal for effective and safe
glucose management is to reduce the percent time below range while increasing the percent
TIR. These recommendations align with recent reports from other national and international
organizations.12?

The clinical efficacy of CGM has been demonstrated in numerous retrospective studies
and RCTSs of individuals with T1D regardless of insulin delivery method.156-161 Benefits
of CGM in this population include reductions in A1C, fewer severe hypoglycemia events
in children and adults, increased TIR, as well as significant reductions in hospitalizations
for severe hypoglycemia and DKA 156:162-168 There js emerging evidence that CGM is
efficacious in reducing hyperglycemia and A1C levels in insulin-treated persons with T2D,
including those taking 1 or 2 doses of basal insulin,169-172

CGM has also been shown to be effective in reducing incidence of severe hypoglycemia in
individuals with T1D and T2D who are treated with intensive insulin therapy.173 In addition,
CGM use has been reported to reduce fear of hypoglycemia and increase confidence in
avoiding/treating hypoglycemia.1%6.174.175 Adherence to monitoring and treatment is the
greatest predictor of glycemic control in persons with DM.159.176-178

Recent recommendations in CGM technology that provide guidance for clinicians,
researchers, and individuals with DM to utilize are shown in Table 6.17°

Comorbidities and Complications

Question 4: How should hypertension be managed in persons with DM?

Recommendation 4.1—The recommended BP goal for most persons with T1D, T2D, or
prediabetes is <130/80 mm Hg (Table 7).

Grade A; BEL 1

Recommendation 4.2—Therapeutic lifestyle interventions in persons with hypertension
are recommended to include consultation with a registered dietitian for education about

an overall healthy diet (such as the Mediterranean diet), weight management, reduced
sodium intake (such as the Dietary Approaches to Stop Hypertension [DASH] diet), daily
physical activity and regular exercise (several times a week), and as-needed consultation
with a psychologist or certified diabetes care and education specialist (CDCES) to support
long-term behavior change. (See also R 11.2 to 11.4 and R 12.1.1 to 12.1.5 on nutrition and
lifestyle.)

Grade A; BEL 1
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Recommendation 4.3—If BP goals are unattained with therapeutic lifestyle changes, use
antihypertensive pharmacotherapy to achieve individual BP treatment goals.

Grade A; BEL 1

Recommendation 4.4—Select antihypertensive agents based on their ability to reduce BP
to goal and prevent or slow the progression of micro- and macrovascular disease. Use either

an angiotensin-converting enzyme (ACE) inhibitor or angiotensin Il receptor blocker (ARB)

for BP control and to delay the progression of DKD or CKD in DM (see also R 6.1 to R 6.6

on DKD or CKD in DM).

Grade A; BEL 1

Recommendation 4.5—Intensify pharmacotherapy as needed to achieve BP goals.
Antihypertensive therapy may include combinations of either an ACE inhibitor or an ARB
plus any of the following agents: diuretics, calcium channel antagonists, combined alpha-
beta blockers, and newer-generation beta blockers. Consider a mineralocorticoid receptor
antagonist for resistant hypertension.

Grade A; BEL 1

Evidence Base 4: How should hypertension be managed in persons with DM?

The majority of individuals with DM either have elevated BP or are receiving treatment
for hypertension.189 Hypertension is not only more prevalent in persons with T2D than in
the general population, but hypertension also predicts progression to T2D. Once diagnosed
with hypertension, an individual is 2.5 times more likely to be diagnosed with T2D within
the next 5 years.181:182 The combination of hypertension and T2D magnifies the risk of DM-
related complications.183.184 The UK Prospective Diabetes Study (UKPDS) demonstrated
that hypertension treatment decreased both micro- and macrovascular complications of
T2D.185 This study showed that each 10 mm Hg decrease in systolic BP (achieved with
either an ACE inhibitor [captopril] or a beta blocker [atenolol]) was associated with a 15%
reduction in DM-related mortality, an 11% reduction in myocardial infarction (Ml), and a
13% reduction in the microvascular complications of retinopathy or DKD.186

Subsequent trials that included large numbers of persons with T2D, including the
Hypertension Optimal Treatment study, the Heart Outcomes Prevention Evaluation
study, the Losartan Intervention for Endpoint Reduction in Hypertension study, the
Anti-hypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial, and

the ADVANCE trial, have demonstrated that BP control improves CV outcomes when
more intensive BP targets are set.187-191 Numerous other studies have also demonstrated
decreased DKD/CKD and retinopathy progression.192-194 Based on these data, the
Eighth Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure, AACE, American Diabetes Association (ADA), National Kidney
Foundation-Kidney Disease Outcomes Quality Initiative, and American Heart Association
(AHA) have recommended that BP in persons with T2D be controlled to <130/80 mm
Hg.195-199 However, the preferred goal for BP lowering remains controversial as clinical
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trial data to support the level of <130/80 mm Hg are limited. Epidemiologic data suggest

no evidence of a threshold for adverse outcomes with a BP level <115/75 mm Hg.290
Clinical trial data show that intensifying therapy with BP-lowering medications slows the
progression of DKD and retinopathy, though vigilance in monitoring renal function during
intensive BP therapy is recommended.185.186.201-203 Nejther the ACCORD BP trial nor
subanalyses of other large BP trials have shown that targeting a systolic BP <120 mm Hg
(compared with <140 mm Hg) reduces risk of the composite outcome of fatal and nonfatal
major CV events in persons with T2D, although stroke was significantly reduced (HR, 0.59;
95% Cl, 0.39-0.89; P=.01).204-206 Thys, data from prospective RCTs have not found an
overall positive effect of BP targets <120/70 mm Hg on CV or renal outcomes in persons
with T2D.207.208 \zarious guidelines from different professional organizations have generally
recommended a BP goal for persons with T2D of <130/80 mm Hg, with an option to
individualize to the lower target of <120/70 mm Hg based on extrapolation from the Systolic
Blood Pressure Intervention Trial in persons with hypertension without T2D.199.209-213

Once the diagnosis of hypertension is established, lowering BP decreases the risk of both
micro- and macrovascular complications associated with T2D. Therapeutic lifestyle goals in
persons with hypertension and T2D should include education about a healthy diet (such as
the Mediterranean diet) with emphasis on weight management and reduced salt intake (such
as the DASH diet), daily physical activity and regular exercise (several times a week) (also
see the section on weight-loss therapy and lifestyle in Evidence Base 10).214-220 |ndividuals
should be referred to a registered dietitian for diet education and as needed to a psychologist
or CDCES to support long-term behavior change. Cognitive behavioral therapy can be used
to support adherence to medications.221-225

Analysis of the UKPDS data suggests that BP lowering should be a priority in managing a
person presenting with newly diagnosed hypertension and DM. Although glucose and lipid
management remain important, BP lowering may have an additive and significant impact

on morbidity and mortality, particularly in persons with standard vs intensive glycemic
control.185,201,202,226,227

Accurate measurement of BP is fundamental to diagnosis and effective management of
hypertension.210.211.228 The equipment, which can be aneroid, mercury, or electronic, should
be inspected and validated on a regular maintenance schedule. Initial training and regularly
scheduled retraining in the standardized technique for BP measurement provides consistency
and reliability of BP readings. Individuals must be properly prepared and positioned to
obtain an accurate BP; serial BP readings are recommended to be measured after being
seated quietly for at least 5 minutes in a chair (rather than on an exam table) with feet on the
floor and arm supported at heart level. Caffeine, exercise, and smoking should be avoided
for at least 30 minutes prior to measurement. Measurement of BP in the standing position

is also indicated in persons suspected to have postural hypotension. An appropriately sized
cuff (ie, cuff bladder encircling at least 80% of the arm) should be used to ensure accuracy.
At least 2, and preferably 3, serial measurements should be obtained, and the average BP
recorded.
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The use of 24-hour ambulatory BP monitoring (ABPM) is not currently included as part

of the diagnostic criteria for hypertension, though it is an important tool for guiding
management.211:228 Persons whose 24-hour ABPM mean BP exceeds 135/85 mm Hg are
nearly twice as likely to have a CV event as those with values that remain <135/85 mm Hg,
irrespective of the level of the office BP.22° Routine use of ABPM may be considered for
the evaluation of white-coat hypertension, masked hypertension, and nighttime nondipping
status, all of which are associated with increased long-term morbidity and mortality.230
ABPM provides a longer assessment of a person’s BP variability and may be utilized to
guide BP management to facilitate medication adjustments and to avoid overtreatment.

BP goals are based upon evidence from clinical trials and should be individualized for
persons with consideration of their anticipated lifespan and risk factors for heart disease,
stroke, and DKD. The recommended BP goal for persons with T2D is <130/80 mm

Hg based upon best available evidence-based data.183:226.227.231-235 |y the presence of
multiple CVD risk factors, consideration may be given for a more intensive BP goal

of <120/70 mm Hg, provided it can be attained safely. A less intense individualized

goal >130/80 mm Hg may be considered in persons who are older and frail, or who

have complicated comorbidities of T2D to include autonomic neuropathy and orthostatic
hypotension, acute coronary syndromes (acute M1 or hospitalization with unstable angina),
or medication intolerance.236:237 Frequent reassessment is needed to ensure that the BP
goal is maintained without adverse effects of pharmacotherapy. If unacceptable side effects
develop, consideration should be given to reducing dosage and/or changing the class of
medication while intensifying therapeutic lifestyle changes.21%:216:219 |f such changes do not
alleviate symptoms, then consideration should be given to relaxing the target to a higher BP
goal based upon individual characteristics, preferences, and priorities (Table 7).

The UKPDS group performed a 10-year posttrial monitoring observational study that
demonstrated a loss of benefit within 2 years if tight BP control was not maintained.201
These data reinforce the imperative to initiate BP-lowering therapy at diagnosis, to intensify
treatment as needed to reach and maintain BP goal, and to monitor treatment safety and
tolerance for enhanced compliance. The introduction of fixed-dose combination tablets
combining 2 or 3 agents in 1 pill can facilitate compliance and adherence. The use of
multiple fixed-dose combination pills can provide multiple-drug regimens with a reduced
number of tablets and may help optimize adherence to reach BP goal.238

The selection of medications to lower BP in persons with T2D should be guided by
individual-specific considerations and may include nontraditional BP-lowering agents
such as SGLT2is and GLP-1 RAs, though these drugs alone may be inadequate to

control BP.233-244 Clinical trials with diuretics, ACE inhibitors, ARBs, alpha-adrenergic
blockers, and calcium channel antagonists have a demonstrated benefit in the treatment of
hypertension in both T1D and T2D.187-189.210.245.246 The choice of pharmacologic agents
is guided by additional considerations such as the presence of CKD, CVD, HF, or post-Ml
status; possible metabolic side effects; number of pills per day; and cost. During the course
of T2D, an early primary goal is BP control to reduce risk of onset and progression of
micro- and macrovascular disease, to include DKD and retinopathy.191
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There appears to be inertia to treat residual hypertension in persons with T2D, and
pharmacotherapy should be intensified when needed to achieve BP goals.247-251 ACE
inhibitors or ARBs are indicated as pharmacotherapy for BP control and to delay the
progression of CKD.252-254 They also have reported advantage over other treatments in
reducing the risk of new-onset T2D in elderly persons.25° Thiazide diuretics can effectively
lower BP in persons aged 65 years and older, though low-dose hydrochlorothiazide

can negatively impact fasting BG, A1C, and high-density lipoprotein cholesterol (HDL-
C).250.256,257 ACE inhibitors and ARBs should not be used together and should be used with
caution with spironolactone to avoid hyperkalemia or AK].258:259

BP control reduces the risk of stroke and major CVD events in persons with T2D.208.227

As heart disease develops, consideration of CV benefits factor into the choice of agents to
lower BP. Given that diastolic heart disease develops early in T2D and the renin-angiotensin-
aldosterone system (RAAS) plays a critical role in the pathophysiology of HF, the use of an
ACE inhibitor or ARBs could be considered early in the treatment of hypertension, before
the diagnosis of HF.260.261 However, the combination of multiple RAAS blockers (ie, ACE

inhibitor, ARB, and/or renin inhibitor) should be avoided due to risk of hyperkalemia and
AK|_262,263

Resistant hypertension is defined as BP =140/90 mm Hg in the presence of =3
antihypertensive agents at maximum tolerated doses, one of which is a diuretic.264

The initial assessment should include adherence to lifestyle recommendations, the
antihypertensive drug regimen, and assessment for white-coat hypertension. Secondary
causes of hypertension should be ruled out when suspected. The addition of a
mineralocorticoid receptor antagonist should be considered for management of resistant
hypertension in persons with T2D; however, monitoring for hyperkalemia and kidney
function is necessary in those taking an ACE inhibitor or ARB.26°

Question 5: How should dyslipidemia be managed in persons with DM?

Recommendation 5.1—All persons with prediabetes, T1D over the age of 40, or T2D
should have a lipid panel (fasting or nonfasting) checked at diagnosis and annually to assess
CV and metabolic disease risks and at additional intervals as needed to monitor treatment to
achieve lipid goals.

Grade B; BEL 2

Recommendation 5.2—Therapeutic lifestyle interventions for dyslipidemia are
recommended for all persons with prediabetes, T1D over the age of 40, or T2D, to

include education with a registered dietitian about a healthy diet with emphasis on

weight management, daily physical activity, and regular exercise (several times a week).
Consultation with a psychologist or CDCES is recommended to support long-term behavior
change.

Grade A; BEL 1
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Recommendation 5.3—Persons with prediabetes or T2D without ASCVD and with less
than 2 traditional risk factors should be assessed with the aid of ASCVD risk calculators to
determine initiation and intensity of lipid-lowering therapy (Fig. 1 and Table 8).

Grade A; BEL 1

Recommendation 5.4—Assess nontraditional ASCVD risk factors (Fig. 1) beyond a lipid
panel to guide management when the initial shared decision is not self-evident.

Grade B; BEL 2

Recommendation 5.5—Manage persons with prediabetes and persons with T1D over the
age of 40 in the same manner as those with T2D.

Grade A; BEL 1

Recommendation 5.6—In persons with high ASCVD risk, use a moderate-intensity
statin regardless of DM type or status. In persons with very high ASCVD risk (T2D with
2 or more additional traditional ASCVD risk factors such as advancing age, hypertension,
CKD stage 3a, cigarette smoking, family history of premature ASCVD in men <55 years
and women <65 years, low HDL-C, or high non-HDL-C), use a high-intensity statin
regardless of baseline low-density lipoprotein cholesterol (LDL-C) level. For persons at
extreme risk of ASCVD event (current ASCVD or target organ damage), use a high-
intensity statin plus other therapies as needed to achieve lipid targets (Fig. 1 and Table
10).

Grade A; BEL 1

Recommendation 5.7—Treatment targets for persons in a high ASCVD risk category are
LDL-C <100 mg/dL, apolipoprotein B (apo B) <90 mg/dL, and non-HDL-C <130 mg/dL.
Treatment targets for persons in a very high risk ASCVD category are LDL-C <70 mg/dL,
apo B <80 mg/dL, and non-HDL-C <100 mg/dL. Treatment targets for persons with extreme
risk of ASCVD include LDL-C <55 mg/dL, apo B <70 mg/dL, and non-HDL-C <90 mg/dL
(Table 9 and Fig. 1).

Grade A; BEL 1

Recommendation 5.8—Statins are recommended for the initial treatment of hyper-
cholesterolemia. Monitor efficacy every 6 to 12 weeks and increase the dose or intensity
of statin as needed and tolerated to achieve LDL-C, apo B, and/or non-HDL-C goals based
on individual ASCVD risk. Once lipid targets are achieved, lipid panel or apo B can be
monitored less often (Fig. 1).

Grade A; BEL 1

Recommendation 5.9—Combine the cholesterol absorption inhibitor ezetimibe with
statin therapy when the desired lipid targets are not achieved with a maximally tolerated
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statin dose. If lipid targets are not achieved on this combination, add or substitute a
proprotein convertase subtilisin/kexin type 9 (PCSK9)-lowering agent. Alternatively, add
bempedoic acid to the maximally tolerated statin or consider adding icosapent ethyl (in
persons with triglycerides 135 to 499 mg/dL) for ASCVD risk reduction.

Grade A; BEL 1

Recommendation 5.10—Management of hypertriglyceridemia in persons with high
ASCVD risk or very high ASCVD risk should begin with intensive lifestyle modification
and statin therapy. In persons treated with a maximally tolerated statin who have triglyceride
concentrations =200 mg/dL and HDL-C <40 mg/dL, add a fibrate or high-dose omega-3
fatty acid to achieve the desired apo B or non-HDL-C goal. Icosapent ethyl can be
considered in persons with high or very high ASCVD risk (Fig. 2).

Grade A; BEL 1

Evidence Base 5: How should dyslipidemia be managed in persons with DM?

Dyslipidemia Screening—All persons should receive information about the benefits

of enduring lifestyle changes, including daily physical activity, regular exercise (several
times a week), and nutritional guidance designed to improve glucose, lipid, and BP profiles
and maintain a healthy weight.266-274 Adherence to healthy lifestyle behaviors should be
assessed frequently, with educational support from a registered dietitian, a CDCES, and/or a
behavioral psychologist as needed to intensify therapeutic lifestyle change.

All persons with prediabetes, T1D over the age of 40 years, or T2D should be screened at
diagnosis and monitored yearly with a lipid panel to include total cholesterol, triglycerides,
HDL-C, and LDL-C. Fasting lipid panels, though helpful, are not necessary for therapeutic
decisions, and nonfasting lipid panels may aid compliance with timely blood draws.27>

Additional biomarkers, including apo B, lipoprotein(a), high-sensitivity C-reactive protein
(CRP), coronary artery calcification score, and ankle-brachial index, are independent risk
factors associated with increased risk of ASCVD events and may be helpful when the
lipid management goal is unclear.276-285 These biomarkers may enhance understanding of
an individual’s risk and inform decisions of initiating or intensifying pharmacotherapy.286
However, sequential monitoring of some of these biomarkers is not recommended at

this time; high-sensitivity CRP is not mechanistically linked to the pathophysiology

of atherosclerosis, coronary artery calcium changes are unlikely to be reversed, and
lipoprotein(a) as a targetable marker requires validation by future outcome trials.287-289
In addition, repeat measures of these biomarkers add to costs and may result in unproven
therapeutic strategies.

Where the decision for need to intervene with pharmacotherapy based upon the above risk
factor assessments remains unclear, we recommend the use of a risk calculator290-2% (Taple
8). In persons younger than 40 years, initiation of statin therapy for primary prevention

of CVD in both men and women needs to be individualized, based on other risk factors

and comorbidities.2”3 The use of various 10-year or lifetime risk calculators is an option
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to decide the intensity of treatment (Table 8). By definition, these calculators are based
on observational data for risk prediction but have been verified for prediction accuracy
using large databases. The use of a statin choice decision aid also may assist in shared
decision-making between clinicians and persons considering statin treatment choices.297-299

Persons who have T1D with persistent proteinuria are at increased risk of premature
atherosclerosis.3% In addition, the rising prevalence of overweight and obesity may
contribute to increased rates of abnormal lipoprotein patterns related to insulin resistance
among persons with T1D.301:302 Degpite limited observational and RCT data, we
recommend treating persons with T1D and proteinuria and those over the age of 40 in a
similar fashion to those with T2D.

Very low-density lipoprotein (VLDL) is secreted by the liver and is strongly influenced by
insulin and carbohydrate intake, whereas chylomicrons are derived from the intestine and are
secreted in response to dietary fat intake. VLDL remnants (apo B-100) are atherogenic

and the primary particles accumulating when triglycerides are between 250 to 500

mg/dL. VLDL and chylomicrons may coexist in hypertriglyceridemia >500 mg/dL, though
chylomicron remnants (apo B-48) predominate with significantly increasing triglyceride
levels >500 mg/dL.

Multiple disturbances in lipoprotein metabolism in individuals with prediabetes and

T2D result from the combined effects of insulin deficiency, insulin resistance,

and hyperglycemia.303-308 T2D dyslipidemia is characterized by increased levels of
triglyceriderich lipoproteins (VLDL), intermediate-density lipoprotein, and remnant
particlesdall apo Becontaining particlesd which metabolically lead to low levels of HDL-C
and increased levels of small, dense LDL-C.278:309-311 Hynertriglyceridemia is indirectly
linked with changes in HDL-C and LDL-C composition that are conducive to accelerated
atherogenesis.312:313 Accumulating evidence favors the need to assess apo Becontaining
lipoproteins to account for remnant lipoproteins and small dense lipoproteins responsible for
residual ASCVD risk not seen with a standard lipid panel of total cholesterol, LDL-C, and
HDL-C.314_316

Lipid Targets—Treatment targets for dyslipidemia in persons with DM or prediabetes and
without ASCVD or target organ damage are based on the duration of DM and the presence
of traditional ASCVD risk factors including advancing age, hypertension, CKD stage 3a,
cigarette smoking, family history of premature ASCVD in men <55 years and women <65
years, low HDL-C, or high non-HDL-C (Fig. 1 and Table 9). T2D carries a high lifetime
risk for developing ASCVD.317 In individuals with T2D, ASCVD risk should be assessed
and stratified as A/igh (persons with T1D <40 years of age or T2D duration <10 years and
less than 2 additional ASCVD risk factors), very high (persons with T2D >10 years or

T1D >20 years and age >40 plus 2 or more traditional ASCVD risk factors), or extreme
risk (DM or prediabetes plus established ASCVD or target organ damage, including left
ventricular systolic or diastolic dysfunction, estimated glomerular filtration rate [eGFR] <45
mL/min/1.73 m2, and ankle-brachial index <0.9) to help define lipid treatment targets and
direct appropriate lipid-lowering therapy.318 Risk stratification in this manner can guide
management strategies as well as laboratory testing to ensure efficacy of therapy. We
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recommend the use of apo B measurements as this is more accurate than non-HDL-C

and predicts ASCVD risk more accurately than LDL-C.319 In persons at high risk, the

lipid targets should be LDL-C <100 mg/dL, apo B <90 mg/dL, and non-HDL-C <130 mg/
dL.314.315,.320-325 | persons at very high risk for ASCVD, the lipid targets should be LDL-C
<70 mg/dL, apo B <80 mg/dL, and non-HDL-C <100 mg/dL.3% In persons with DM at
extreme risk of ASCVD events, the lipid targets should be LDL-C <55 mg/dL, apo B <70
mg/dL, and non-HDL-C <90 mg/dL.322-324.326 Note that the risk categories vary in name
and definition in the references cited. The choice of statin and other lipid-lowering therapies
prescribed should be based upon their relative intensity in lowering LDL-C required for
lowering risk of ASCVD (Table 9 and Table 10).

Dyslipidemia Therapeutic Recommendations—To date, no RCT dedicated solely to
lipid lowering in persons with T2D has examined secondary CVD prevention. However,
several statin trials with large T2D subpopulations, including the GREACE (GREek
Atorvastatin and Coronary-Heart-Disease Evaluation) study, TNT (Treating to New Targets)
study, and PROVE IT (Pravastatin or Atorvastatin Evaluation and Infection Therapy) trial,
have shown significant reductions in mortality and CVD events.327-330 |t should be noted
that the Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in Non-
Insulin-Dependent Diabetes Mellitus of 2410 participants with T2D randomized to 10 mg
atorvastatin or placebo did not show any reduction in the composite CV endpoint for
primary prevention.33 In low-risk persons with DM, whether DM per se leads to elevation
of CV risk has been questioned.332 In very high-risk persons with T2D who have had

a prior ASCVD event or those who have T2D plus 2 or more additional major ASCVD

risk factors (advancing age, hypertension, CKD stage 3a, cigarette smoking, family history
of premature ASCVD in men <55 years and women <65 years, low HDL-C, or high non-
HDL-C), a high-intensity statin (Table 10) should be started along with therapeutic lifestyle
changes regardless of baseline LDL-C level.333-335 Lipids should be rechecked within 12
weeks of initiating therapy, and the primary target is to attain apo B or non-HDL-C in
goal.314:315,336-338 |f the |_DL-C or non-HDL-C concentration remains >70 mg/dL or >100
mg/dL, respectively, the statin dose should be increased with the goal of lowering LDL-C
to <70 mg/dL and non-HDL-C to <100 mg/dL (Fig. 2 and Table 10). If these targets cannot
be achieved with maximally tolerated statin therapy, then treatment considerations should
include a more potent statin or the addition of ezetimibe.286:324-326,339-341 \\/here treatment
goals are not met despite these strategies, bempedoic acid, or pharmacotherapy targeting
PCSK9 should be considered.340:342

The high-risk ASCVD category (noted as moderate risk in some guidelines) describes
persons with DM without known ASCVD and <2 major CV risk factors (advancing age,
hypertension, CKD = stage 3a, cigarette smoking, family history of premature ASCVD

in men <55 years and women <65 years, low HDL-C, or high non-HDL-C). In such

persons, treatmentshould beginwith therapeuticlifestylechanges for an initial 6- to 12-week
trial. Goals for the primary targets LDL-C and non-HDL-C are <100 mg/dL and <130
mg/dL, respectively.245:343-346 The additional primary target of apo B lowering (<90 mg/dL)
may also be considered for judgingtherapeutic efficacy.314:319:326 \When the recommended
goals are not being achieved after lifestyle interventions, statin therapy should be initiated,
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starting with a moderate-intensity statin. For persons older than 40 years without diagnosed
ASCVD, but who have 2 or more additional major ASCVD risk factors (very high ASCVD
risk), statin therapy may be considered even if the LDL-C concentration is <100 mg/
dL.245.343-345 | persons with statin intolerance or unacceptable adverse drug effects, a
bile acid sequestrant should be considered alone or in combination with statin tolerated

at a lower dose 347348 or a cholesterol absorption inhibitor.349-355 No study has yet

been designed to investigate the CV outcomes benefit of adding bile acid sequestrants or
cholesterol absorption inhibitor to statins in persons whose atherogenic markers (LDL-C,
non-HDL-C, and apo B) are not already at target levels. Addition of PCSK9 inhibitors has
been shown to be highly effective for lowering LDL-C and apo B, and for lowering CV
event rates, but to date have not translated to overall mortality benefits.354

In persons with end-stage kidney disease to include hemodialysis treatment and in those
with advanced HF, there is no clear evidence that LDL-Celowering therapy provides
ASCVD benefit.3%6 Persons with eGFR <45 mL/min/1.73 m? who are not dialysis-
dependent are at very high to extremely high risk for ASCVD events and should be treated
to achieve LDL-C, non-HDL-C, and apo B goals with a statin and ezetimibe,3% because
higher doses of statins alone have not been proven to be safe in the setting of CKD.

Such persons should be monitored closely to determine whether statin dose adjustment

is necessary depending on comorbidities, drug interactions, and renal status.36 Increasing
evidence now shows that older persons gain significant benefits from lipid lowering for
primary prevention, and these benefits are even more impactful in persons with DM, 358361

In persons at LDL-C goal and who have a fasting triglyceride level 2150 mg/dL or HDL-C
level <35 mg/dL, glycemic control and lifestyle changes to maintain a healthy weight are
recommended.324:343 |n persons with fasting triglycerides of 200 to 499 mg/dL, despite
tight adherence to a healthy diet (to include reduced intake of simple carbohydrates and
avoidance of fruit juices and alcohol) and optimized glycemia control, prescribe statin
therapy to the maximum tolerated dose to achieve goals for non-HDL-C or apo B, since all
apo B—containing particles are potentially atherogenic.312:313.324,362,363 Nonstatin therapies
in combination with statins are often required in these settings.364

In persons with persistently elevated fasting triglycerides >200 mg/dL who are receiving
maximally tolerated LDL-Celowering statin therapy, adding triglyceride-lowering drugs
such as a fibrate or high-dose omega-3 fatty acid may be helpful to further reduce non-HDL-
C.365-368 The Reduction of Cardiovascular Events with lcosapent Ethyl-Intervention Trial
used icosapent ethyl added to statin-treated persons and reported a significant beneficial CV
outcome in participants with hypertriglyceridemia, though this effect was independent of
triglyceride lowering.36° To date, aside from icosapent ethyl, fish oil therapy has not been
shown to prevent CV adverse events,313:370.371

If the fasting triglyceride concentration is =500 mg/dL (ie, severe hypertriglyceridemia),
begin treatment with a very low-fat diet and initiate a fibrate or high-dose omega-3-fatty
acid treatment. Dietary therapy should be strongly emphasized as it remains the most
poorly adherent triglyceride-lowering intervention, and all these therapies may be required
in combination to control severe hypertriglyceridemia.3”2 Niacin use is not encouraged
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as it leads to dysglycemia but may be considered in refractory cases. Observational data
and retrospective analyses support triglyceride-lowering therapy for prophylaxis against
acute pancreatitis.3”3 Rule out other secondary causes and reassess lipid status when the
triglyceride concentration is <500 mg/dL. Additional statin therapy and possibly other
agents are usually required to achieve the primary LDL-C, apo B, and non-HDL-C
goals.374-376 No RCT has yet been reported to investigate the benefit of reducing severe
(>500 mg/dL) or moderate (>200 mg/dL) hypertriglyceridemia to prevent CVD.313.370.371

Modification of triglycerides with the proliferator activated receptor-alpha agonist
fenofibrate failed to reduce ASCVD events in 2 separate trials in persons with T2D:
(Fenofibrate Intervention and Event Lowering in Diabetes [FIELD]3’7 and ACCORD-
Lipid),367 although the mean baseline triglyceride levels were 153 mg/dL in FIELD377 and
162 mg/dL in ACCORD-Lipid.367 Post hoc and prespecified subgroup analyses and meta-
analyses of 5 major fibrate trialsdHelsinki Heart Study, Veterans Affairs HDL Intervention
Trial, Bezafibrate Infarction Project, FIELD, and ACCORD-Lipiddhave shown a CV benefit
in persons with moderate dyslipidemia (triglycerides >200 mg/dL and HDL-C <40 mg/dL,
either isolated or together) but not in persons without dyslipidemia,286.378-381

Two separate RCTs tested the HDL-C-raising hypothesis inpersons with coronary artery
disease optimally treated with statins with or without ezetimibe. In the Atherothrombosis
Intervention in Metabolic Syndrome with Low HDL/High Triglycerides: Impact on Global
Health Outcomes trial, the atherogenic markers LDL-C, non-HDL-C, and apo B were 74,
108, and 81 mg/dL, respectively, prior to randomization.382 Before randomization in Heart
Protection Study 2dTreatmentof HDL to Reduce the Incidence of Vascular Events, LDL-C,
non-HDL-C, and apo B were 63, 84, and 68 mg/dL, respectively, and triglyceride and
HDL-C levels were 120 mg/dL and 44 mg/dL, respectively.383 In each of these trials, the
addition of niacin resulted in small improvements in lipids, but these changes were not
accompanied by any significant reduction in ASCVD events.382:383 Thuys, niacin cannot be
recommended as adjunctive therapy if LDL-C, non-HDL-C, and apo B goals are already
met. Niacin may have a role when optimized therapy fails to control triglycerides >1000
mg/dL.

Managing Dyslipidemia—If lipid goals are not achieved after initiating treatment, lipid-
lowering therapy should be intensified, and apo B determination may also be useful to
confirm goal attainment.”3:286:314 | DI -C, calculated non-HDL-C (total cholesterol — HDL-
C), and apo B are the primary targets of therapy, with respective goals set according

to ASCVD risk stratification (Fig. 1). If LDL-C is at goal but non-HDL-C or apo B

remain above goal after maximally tolerated statin therapy, consider additional apo B or
triglyceride-lowering therapies, such as ezetimibe, a cholesterol absorption inhibitor, or
PCSK9 inhibitor or PCSK9-interfering therapy.’3:286.342

Lipid Management in Prediabetes—The principles and goals of lipid management
in individuals with prediabetes are the same as those with DM described previously (Fig.
1). No randomized intervention trials dedicated to persons with prediabetes use ASCVD
events as outcome measures. Lifestyle change for a healthy diet, daily activity and regular
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weekly exercise, and healthy weight maintenance should be emphasized for all persons with
prediabetes.

Moderate-potency or high-potency statins, possibly combined with cholesterol absorption
inhibitors or bile acid sequestrants, are effective for achieving LDL-C, non-HDL-C, and apo
B goals in persons with prediabetes.324 Low HDL-C is also common in prediabetes, and low
HDL-C and high triglycerides are both associated with increased atherogenic lipoprotein
particles. Niacin is effective in raising HDL-C, but it also increases insulin resistance and
may accelerate the appearance of overt DM. Fibrates may be considered, but the use of
gemfibrozil is discouraged owing to its interaction with statin clearance and the risk for
severe rhabdomyolysis.

Meta-analyses of statin RCTs indicate that statin use is associated with significant increases
in the risk of progression to T2D among persons with prediabetes: a 9% increase with
moderate statin dosing and 12% increase with high statin dosing.384:385 Persons with
prediabetes should be warned of the potential added risk of conversion to DM with

statin use. The net comparison of benefit vs risk is >4 ASCVD events prevented for one
conversion from prediabetes to DM.388 This risk-benefit analysis, considering the individual
risk of converting to DM vs prevention of ASCVD, should be discussed when initiating
statin therapy.

Question 6: How should DKD or CKD in DM be managed?

DKD refers to kidney disease attributable to DM. DKD replaced the older term, “diabetic
nephropathy,” which referred to specific glomerular lesions of nodular glomerulosclerosis
and glomerular basement membrane thickening, because of emerging evidence for a variety
of other types of structural kidney injury caused by DM.197

DM and CKD or CKD in DM refer to DM accompanied by low eGFR and/or albuminuria/
proteinuria without specification for cause. This is the inclusion criteria used for most of the
large outcomes trials for kidney disease in DM. Therefore, though many study participants
may have had DKD, others could have had CKD from another cause in the setting of DM.

Recommendation 6.1—Annual assessment of serum creatinine to determine the eGFR
and urine albumin-to-creatinine ratio (UACR) is recommended to identify, stage, and
monitor progression of DKD, also referred to as CKD in DM. Begin annual DKD
assessment 5 years after diagnosis in persons with T1D or at diagnosis in persons with
T2D.

Grade B; BEL 2

Recommendation 6.2—Advise persons with CKD in DM about optimal glycemic
control, BP control, lipid control, and smoking cessation to reduce risks of development
and progression of CKD and CVD. (See also R 4.1 to R 4.5 on BP control, R 5.1 to R 5.10
on lipid management, and R 12.1.1 to R 12.2.19 on glycemic control.)

Grade A; BEL 1
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Practice Points

In moderate-to-severe CKD (stages 3 to 5), check UACR and eGFR more frequently (eg, every 3 to 6 months),
depending on rate of progression and comorbidities.

Measure UACR and eGFR after medication additions or adjustments (eg, ACE inhibitors, ARBs, SGLT2is, finerenone,
nonsteroidal anti-inflammatory drugs, proton pump inhibitors) or change in clinical status that may affect kidney
function (eg, iodinated contrast administration, acute illness).

Assess for complications of CKD, including anemia and bone and mineral metabolism disorders, in severe CKD (stages
41t05).

Referral to a nephrologist is recommended by CKD stage 4 or earlier if there are concerns about kidney disease
diagnosis, rapid progression, complications, or management.

Recommendation 6.3—RAAS blockade with an ARB or an ACE inhibitor is
recommended for persons with albuminuria (T1D or T2D) to reduce risk of DKD or CKD in
DM progression (see Fig. 3 for category definitions).

Grade A; BEL 1

Recommendation 6.4—An SGLT2i with proven benefit is recommended as foundational
therapy for persons with T2D and CKD with eGFR =20 mL/min/1.73 m? to reduce
progression of CKD and risk of CVD.

Grade A; BEL 1

Recommendation 6.5—A GLP-1 RA with proven benefit is recommended for persons
with T2D and DKD or CKD in DM with eGFR =15 mL/min/1.73 m? for glycemic control
and to reduce risk of ASCVD and progression of albuminuria.

Grade A; BEL 1

Recommendation 6.6—A nonsteroidal mineralocorticoid receptor antagonist
(finerenone) with proven kidney and CVD benefit is recommended for persons with T2D,
an eGFR =25 mL/min/1.73 m2, normal serum potassium concentration, and albuminuria
(UACR 30 mg/g) despite a maximum tolerated dose of a renin-angiotensin system inhibitor.

Grade A; BEL 1

Practice Points

Serum potassium levels and eGFR should be monitored within 2 to 4 weeks after initiating an ACE inhibitor, an ARB,
an SGLT2i, finerenone, or with changes in these medications.

Finerenone can be used for persistent albuminuria in addition to an ACE inhibitor or an ARB and SGLT2i, or in people
with CKD in DM who cannot take an SGLT2i.

In the absence of albuminuria and with normal BP, ACE inhibitors or ARBs do not prevent DKD onset.

ACE inhibitors and ARBs should not be used together due to increased risks of adverse effects, particularly
hyperkalemia and AKI.

ACE inhibitors and ARBs are not safe for use in pregnant women.

Evidence Base 6: How should DKD or CKD in DM be managed?

DKD or CKD in DM accounts for nearly half of all cases of kidney failure that
require kidney replacement therapy (dialysis or transplant) in the United States and

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 33

occurs in about 40% of persons with T2D and 30% of those with T1D, increasing

with duration of DM.387-389 Classical diabetic nephropathy is represented histologically

by the presence of basement membrane thickening, mesangial expansion, podocyte

loss, and nodular or diffuse glomerulosclerosis.197:3%0 Many other pathological changes
(tubulointerstitial inflammation and fibrosis, arteriolar hyalinosis, mesangiolysis, glomerular
capillary aneurysms) may also occur as a consequence of DM.391 The pathologic changes
may be present prior to development of albuminuria or low eGFR.390:392 Consequently,

the term DKD is now preferred to diabetic nephropathy. Prevention of microvascular
complications including DKD should be a managementgoal as earlyas the time of diagnosis
of DM. In general, AACE concurs with guidelines by the Kidney Disease: Improving Global
Outcomes (KDIGO) working group3?3 and the Kidney Disease Outcomes Quality Initiative
Committee394 for the diagnosis and management of CKD in persons with DM, also known
as DKD.

The KDIGO guidelines recommend phasing out the term micro-albuminuria and replacing
it with the term albuminuria. Testing for the presence of albuminuria can be done using a
spot urine sample or a timed collection, although the former is now preferred for reliability
and simplicity. UACR levels >30 mg/g indicate kidney damage and are also a marker of CV
risk.393:3%4 Increased urinary albumin may be seen in the setting of urinary tract or systemic
infection, after exercise, or in the presence of hematuria, so confirmation is necessary

to establish the diagnosis of DKD or CKD in DM. A UACR of >300 mg/g indicates

greater damage and greater risk for progression to kidney failure and development of CKD
complications such as anemia, CVD, and infections. Sudden onset or rapidly increasing
albuminuria should prompt additional tests to assess for other types of kidney disease. Table
11 lists correlations between albuminuria, urine dipstick, and tests of total protein excretion.

eGFR should be calculated from the serum creatinine by the Chronic Kidney Disease
Epidemiology (CKD-EPI). The CKD-EPI equation is more accurate for calculation of
eGFR above 60 mL/min/1.73 m? than the prior Modification of Diet in Renal Disease
equation, and the CKD-EPI equation is currently preferred.393 Importantly, the CKD-EPI
equation has been updated to a new version that is race agnostic and termed CKD-EPI
2021. The American Society of Nephrology and the National Kidney Foundation have
recommended immediate implementation for CKD-EPI 2021 as an important strategy to
advance CKD care and reduce health disparities by racial identification.39-397 Figure 3
depicts the classification system for CKD that incorporates both eGFR and albuminuria in
the risk assessment. Note that in Figure 3, stage 3 CKD has been divided into 2 categories:
G3a for eGFR 45 to 60 mL/min/1.73 m? and G3b for eGFR 30 to 45 mL/min/1.73 m2.
The terminology used to describe CKD provides a composite picture by integrating the
cause, eGFR, and UACR. For example, a person with DM, an eGFR of 40 mL/min/1.73
m?2, and an UACR of 250 mg/g creatinine would be categorized as “diabetes/G3b/A2.”
The “heat grid” shown in Figure 3 indicates the terminology, the level of risk for CVD
events and progression of kidney disease by color intensity, and the recommended frequency
for monitoring UACR and eGFR.393:398.399 progression of CKD is considered rapid if the
decline in eGFR is =5 mL/min/1.73 m? per year or if the person has a rapid increase in
albuminuria.
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High levels, as well as variability, of both BG and BP are important risk factors for DKD.
89,184,400-403 prevention of the development of DKD includes optimal control of glycemia
and BP with RAAS inhibition as first-line therapy.394404405 |ntensive glucose control (A1C
levels <7% in T2D and <7.5% in T1D) in several clinical trials was found to reduce

the risk of incident albuminuria (A2) and DKD onset.”0:78:90.406-410 However, intensive
glucose control has not been shown to diminish DKD or CKD in DM progression and may
increase risk of CVD mortality in persons with established DKD or CKD in DM. Moreover,
glycemic targets need to be individualized due to increased risk of hypoglycemia in persons
with DKD or CKD in DM.

The KDIGO guidelines recommend that persons with CKD in general be treated to a BP
<120/70 mm Hg, but <130/80 mm Hg may be appropriate in people who have DM or DKD
or CKD in DM.209 Although care must be taken to avoid orthostasis and drug side effects,
AACE recommends individualized BP targets, with a goal of <130/80 mm Hg for most
persons (see Q4. How should hypertension be managed in persons with DM?).

Smoking cessation and lipid lowering are also important interventions for prevention of
CVD complications of DM, which are increased at every level of CKD.3% Therapy with
statins reduces the relative risk of major vascular events in persons with DM by 17%

for every 39 mg/dL decrease in LDL-C.333 Persons with DM and CKD up to stage 4,
including those who have had kidney transplants, receive CVD benefit from lipid-lowering

with statins. However, the beneficial effect of statins is not apparent in persons who require
dia|y5i5.333'357'411_413

Slowing the progression of DKD or CKD in DM is critical for reducing risks of

kidney failure and CVD, including HF, atherosclerotic events,*14-422 and related causes

of death. Therapies shown to positively affect albuminuria and declining eGFR include ACE
inhibitors, ARBs, SGLT2is, GLP-1 RAs, and the nonsteroidal mineralocorticoid antagonist
finerenone,197:209,239,242,393,423-435 persons with albuminuria and T1D or T2D should be
treated with an ACE inhibitor or ARB at the highest tolerated dose based on the drug label
for approval 188.197,430,436-439 Data are lacking on the effectiveness of ACE inhibitors and
ARBs in persons with DM and reduced eGFR who do not have albuminuria. However,
AACE recommends RAAS blockade in all persons with DM who have CKD categories G2,
G3a, G3h, and G4. The RAAS-blocking drugs may potentiate hyperkalemia and AKI when
used with nonsteroidal anti-inflammatory drugs. Risk of AKI is also increased in persons
with volume depletion or bilateral renal artery stenosis who use ACE inhibitors or ARBs.
RAAS-blocking drugs are not safe for use in pregnancy. Combination therapy with an ACE
inhibitor and an ARB or with a renin inhibitor added to another RAAS-blocking agent does
not prolong survival or prevent progression of CKD.263.440.441 | persons with advanced
CKD (G3b and higher), combination therapy increases the risk of hyperkalemia and AKI
and is therefore not recommended.263:441.442

On top of the prevailing standard of care with an ACE inhibitor or an ARB, there has been
a major upsurge in new highly effective therapies for people with T2D to reduce risks of

DKD or CKD in DM progression, kidney failure, HF, ASCVD, and death for some agents.
An SGLT2i with proven kidney protection is recommended for people with T2D who have
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an eGFR >25 mL/min/1.73 m? irrespective of albuminuria to reduce risks of DKD or CKD
in DM and CVD.425443-469 | those with HF, one agent in the class, empagliflozin, can

be used with an eGFR as low as 20 mL/min/1.73 m2.470 |f the eGFR drops below this

level on treatment, the SGLT2i does not have to be stopped unless the person proceeds to
kidney failure requiring kidney replacement therapy by dialysis or kidney transplant. The
recognized side effects of SGLT2 inhibition, including genital mycotic infections, volume
depletion, DKA, or hypoglycemia when used with insulin or insulin secretagogues, are not
greater in persons with lower levels of eGFR.47! Initial reports of higher rates of lower
extremity amputation with canagliflozin have not been substantiated in subsequent studies of
this agent or other SGLT2is. However, people with DKD or CKD in DM are at higher risk
of lower extremity amputations in general, making good diabetic foot care essential (see R
8.6 on diabetic foot exams). Risk mitigation strategies for SGLT?2is are the same as for other
individuals with DM (Table 12). SGLT2is also tend to lower serum potassium, which may
mitigate risks of hyperkalemia and allow greater use of other kidney and heart protective
agents such as ACE inhibitors, ARBs, and mineralocorticoid antagonists. Additionally, the
risk of AKI is actually reduced by 25% with SGLT2i use in persons with T2D.461

A GLP-1 RA is recommended as another option to reduce risks of ASCVD,
macroalbuminuria, and eGFR decline in T2D.429472-479 |n advanced CKD (eGFR

<30 mL/min/1.73 m2), GLP-1 RAs retain glycemic efficacy without increased risk of
hypoglycemia and can be used to control BG with an eGFR as low as 15 mL/min/1.73

m?2, depending on the agent.#29 Similar to the SGLT?2is, side effects of GLP-1 RAs are not
different in persons with lower levels of eGFR (Table 12). Because gastrointestinal (GI)
symptoms such as nausea, vomiting, and diarrhea may occur more frequently when kidney
function is reduced, consider slowing uptitration of drug doses. As for other persons with
DM, adjustment of other glucose-lowering agents may be needed to prevent hypoglycemia.

The nonsteroidal mineralocorticoid antagonist finerenone is also recommended for kidney
and heart protection in T2D with eGFR >25 mL/min/1.73 m2, normal serum potassium
concentration, and albuminuria (UACR = 30 mg/g) despite a maximally tolerated dose of

a renin-angiotensin system inhibitor, because it reduced risks of substantial GFR decline,
kidney failure, HF and ASCVD events, and related deaths in a broad T2D population
ranging from those with microalbuminuria to advanced CKD. 434:435.480-482 The main side
effect of finerenone is hyperkalemia, which usually can be managed with dietary restriction
and concurrent use of diuretics or SGLT2is (Table 12). Potassium-binding agents such

as partiromer or sodium zirconium cyclosilicate are also a consideration for control of
hyperkalemia.

Dietary protein management may add benefit to risk factor control and drug therapies for
CKD. KDIGO recommends limiting protein intake to 0.8 g/kg per day (the recommended
daily allowance in the United States) in persons with DKD or eGFR <30 mL/min/1.73
m?2.430 As described above, dietary approaches also help to control high levels of potassium
as well as phosphorus. Sodium intake should be limited to 2 g per day in persons with DM
who require antihypertensive medications. With obesity being a risk factor for hypertension
and incident CKD, weight management including diet, physical activity, and other weight-
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loss strategies (eg, US Food and Drug Administration [FDA]-approved pharmacotherapy,
bariatric surgery, GLP-1 RAs) may be considered for persons with DM.

Persons with CKD or CKD in DM are at risk for various types of drug toxicity and AKI.
Glucose-lowering therapies may need to be modified to reduce hypoglycemia.*83 Many
other drugs should be avoided or used with caution in persons with low eGFR. Individuals
should be informed of their CKD diagnosis and should avoid dehydration and imaging
that requires gadolinium, high phosphate-containing bowel preparations, or high doses of
iodinated contrast agents.

Persons with CKD in DM should undergo annual or more frequent assessment of
electrolytes to assess potassium and acid-base status; blood counts to assess anemia

status; and calcium, phosphorus, 25(OH) vitamin D, and parathyroid hormone (PTH)
measurements to assess mineral metabolism.2%9 Hyperkalemia may be managed by dietary
restriction, potassium binding agents, and adjustment of antihypertensive medications. For
those with a serum bicarbonate level <22 mEqg/L, the addition of oral sodium bicarbonate is
recommended to correct the serum bicarbonate level. Anemia, defined as hemoglobin <13
g/dL in men and <12 g/dL in women, should be further investigated with iron, transferrin
saturation, ferritin, vitamin B, and folate levels.*84 Deficiencies should be replaced

and a transferrin saturation target of =30% achieved, regardless of ferritin level*84. Iron
given intravenously may produce better results than oral replacement. AACE recommends
adequate calcium intake and achievement of 25(OH) vitamin D levels of >30 ng/dL in

all persons. Supplementing vitamin D, or D3 may reduce PTH in persons with CKD and
secondary hyperparathyroidism.#84:485 Active vitamin D preparations are usually necessary
to keep the PTH level from increasing as eGFR declines. Hyperphosphatemia should be
corrected into the normal range with dietary modification and use of phosphate binders.

Referral to a nephrologist is appropriate when the presentation is atypical, progression of
albuminuria or decline in eGFR is rapid, or when secondary manifestations of CKD require
expert advice. Referral of persons with stage 4 CKD to a nephrologist allows time for
sufficient planning to accommodate individual personal needs.#86 Kidney transplantation is
the preferred kidney replacement therapy for persons with DM because long-term outcomes
are superior to those achieved with dialysis. For persons with T1D, the possibility of
combined kidney-pancreas transplantation delivers considerably better outcomes.*87

Question 7: How should retinopathy be managed in persons with DM?

Recommendation 7.1—It is recommended that persons with T2D or adult-onset T1D
should have an initial dilated and comprehensive eye examination by an ophthalmologist

or optometrist at the time of diagnosis or shortly after diagnosis. Individualized subsequent
screening can be based on type and duration of DM, A1C or mean BG, BP, and the presence
and grade of retinopathy.

Grade A; BEL 2 and expert opinion of task force
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Recommendation 7.2—In persons with T1D, an initial dilated and comprehensive eye
examination by an ophthalmologist or optometrist should be performed within 5 years of
diagnosis in children and adolescents.

Grade B; BEL 4 and expert opinion of task force

Recommendation 7.3—Women who are pregnant and have preexisting T1D or T2D
should be monitored with eye examinations every trimester during pregnancy and in the
postpartum period as determined by the severity of retinopathy during pregnancy.

Grade B; BEL 2

Recommendation 7.4—Persons with greater than mild nonproliferative retinopathy
should have examinations at least once a year and more frequently as advised by their
eyecare specialist.

Grade B; BEL 4 and expert opinion of task force

Recommendation 7.5—Follow-up with eyecare specialists typically should occur on an
annual basis, but persons with T1D or T2D who have had a normal ocular examination may
be screened every 2 to 3 years.

Grade B; BEL 2 and expert opinion of task force

Recommendation 7.6—Optimal glucose, BP, weight, and lipid control should be
implemented to slow the progression of retinopathy.

Grade B; BEL 1

Recommendation 7.7—Artificial intelligence systems, authorized by the FDA for
detecting greater than mild diabetic retinopathy, can be used as an alternative to traditional
screening approaches. These systems can facilitate diagnosis of vision-threatening
retinopathy and identification of persons who require ophthalmologic visits for treatment.

Grade B; BEL 1

Evidence Base 7: How should retinopathy be managed in persons with DM?

Diabetic retinopathy is the leading cause of blindness in adults. The stages of

diabetic retinopathy include nonproliferative retinopathy, preproliferative retinopathy, and
proliferative retinopathy, with macular edema occurring at any stage. The prognosis for
retaining vision has improved dramatically over the past 40 years owing to improved
metabolic and BP control.”8:432.:488-490 Djapetic retinopathy is present in 25% to 45%

of persons with T2D, and between 2% and 8% of persons with T2D have proliferative
retinopathy and/or macular edema.*%1 Diabetic retinopathy is present in approximately 20%,
40%, and 70% of persons with T2D after <10, 10 to 20, and >20 years of the disease,
respectively, with prevalence rates of proliferative retinopathy and/or macular edema around
2%, 10%, and 25% at the respective durations.#92 A 2020 meta-analysis of data from Europe
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revealed that any retinopathy was present in 25.7% of persons and diabetic macular edema
occurred in 3.75%.493 The prevalence of diabetic retinopathy is predicted to continue to
increase through the next 2 decades.*%4

Moreover, teenagers and young adults with T1D and T2D diagnosed during childhood
(mean 7.8 years duration) have a prevalence of retinopathy of 9.1% and 5.6%,
respectively.#17495 Higher levels of glycemia and BP, as well as the presence of

nerve and renal diabetic complications, are associated with a greater likelihood of
developing retinopathy.#96:497 Nonhealing ulcers and bacterial infections increase the rate of
progression of retinopathy,496:498 so persons with infections may merit close ophthalmologic
care during this period; African American and Hispanic populations have increased
likelihood of diabetic macular edema compared with non-Hispanic Whites.49°

Like other complications, it is important to detect greater than mild nonproliferative
retinopathy before vision is threatened. Ophthalmoscopy without pupil dilation is
suboptimal so referral to an experienced ophthalmologist or optometrist for an annual dilated
eye examination is recommended.?%° Annual examinations have long been recommended
as the standard approach, but data suggest that individualized risk assessment and persons
with well-controlled DM and no retinopathy at baseline can be safely examined at 2-

to 3-year intervals.01:502 The ophthalmologic examination can also detect other common
conditions such as cataracts, glaucoma, and macular degeneration. The use of nonmydriatic
fundus cameras equipped with digital transmission technology enables large-scale point-of-
care (POC) screening for retinopathy.>%3 Screening programs have been most successful

in defined populations with government-organized health care systems, such as in the
United Kingdom and Scandinavia and in American Indian tribes rather than in the general
population of the United States.593-506 persons with abnormal retinal photographs are
referred to an ophthalmologist for a complete eye examination. This two-step approach

can be an effective strategy for retinopathy screening at the population level, particularly in
remote areas.>07

Artificial intelligence approaches to screening for diabetic retinopathy have progressed to
the point of utility and cost-effectiveness.598-513 Given the relatively low prevalence of
proliferative retinopathy and/or macular edema in persons with T2D during the first decade
after diagnosis, however, the suggestion is now being made that persons with T2D who
have had a negative ophthalmologic examination may safely have the screening interval
increased to 2 or 3 years.514-517 Retinopathy develops over a period of 5 or more years
from initial hyperglycemia, so screening should be initiated within 5 years of diagnosis

in persons with T1D.518 Pregnancy is a risk factor for progression of retinopathy, and
ophthalmologic examinations should be performed repeatedly during pregnancy and for 1
year postpartum.®19 Persons with active lesions may be followed more frequently, whereas
those who have had repeatedly normal eye findings can be seen less frequently. Elevated
prepregnancy A1C and duration of T1D >10 years predict progression.>20 Teenage girls
may have more difficulty controlling T1D than do teenage boys and thus risk more
complications.52! Thus, multiple systemic factors influence the risk of the development
and progression of diabetic retinopathy.
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Management of retinopathy requires attention to multiple systemic and ocular factors.
Optimization of glucose and BP are the proven strategies for primary prevention of

diabetic retinopathy and for slowing the progression of preexisting nonproliferative
retinopathy.78-185.186,193,522,523

Other options that can stabilize retinopathy include lifestyle intervention or bariatric surgery
in persons with T2D or physical activity in persons with T1D.524-527 One study suggested
that dietary marine omega-3 fatty acids may slow sight-threatening retinopathy, but further
investigation is needed.>28

In addition, pharmacologic treatment approaches may have specific benefit in diabetic
retinopathy, including ACE inhibitors, ARBs,>29:530 and fibrate lipid-lowering agents.531-533
Research into other novel pharmacologic agents with potential benefits may lead to
additional medical treatments.534

The ophthalmic treatment of proliferative retinopathy has evolved in the past decade.
Panretinal laser photocoagulation has been the primary treatment for decades because it
provides enduring effects. Anti-vascular endothelial growth factor (VEGF) antibodies also
inhibit neovascularization.>35 However, after 5 years of follow-up, the rate of visual field
sensitivity is equivalent in the drug- and laser-treated groups.>38 Moreover, persons who fail
to return for continued anti-VEGF treatments are at risk of losing vision.537:538 Therefore,
treatment should be individualized, in some cases combining panretinal photocoagulation
and anti-VEGF therapy.>39 Vitrectomy effectively restores vision for many persons with
persistent vitreous hemorrhage, vitreous scarring, and detachment.>40 Diabetic macular
edema in the absence of proliferative retinopathy is most commonly treated with repeated
anti-VEGF injections.>#1

Question 8: How should neuropathy be diagnosed and managed in persons with DM?

Recommendation 8.1—Diabetic peripheral neuropathy (DPN) is a clinical diagnosis.
A comprehensive differential diagnosis should be considered to rule out nondiabetic
neuropathies.

Grade B; BEL 2

Recommendation 8.2—Screening for DPN should be done at diagnosis of T2D, within 5
years of the diagnosis of T1D, and subsequently annually or whenever symptoms occur, by
performing a clinical history and physical exam.

Grade B; BEL 2

Recommendation 8.3—Assessments for DPN should include a careful history to

assess target symptoms and a combination of at least two of the following: vibration
sensation using a 128-Hz tuning fork, pinprick sensation, temperature discrimination, 10-g
monofilament testing on the dorsal aspect of the great toe bilaterally, and ankle reflexes. All
these assessments should follow the typical DPN pattern, starting distally (the dorsal aspect
of the hallux) on both sides and move proximally until a sensory threshold is identified.
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Grade A; BEL 2, upgraded by expert opinion of task force

Recommendation 8.4—Screening for CV autonomic neuropathy (CAN) should be
considered at diagnosis of T2D and at 5 years after the diagnosis of T1D, including youth.
Screening for CAN should also be considered in the presence of DPN, DKD, 2 or more CV
risk factors, hypoglycemia unawareness, high glucose variability, in persons with HF, peri-
operatively, or in individuals presenting with autonomic symptoms. A careful differential to
exclude other comorbidities or drug effects/interactions that could mimic CAN should be
performed.

Grade B; BEL 2

Recommendation 8.5—CV reflex tests (deep breathing, Valsalva, supine to standing)
remain the gold standard and are recommended for assessment of CAN. Indices of heart
rate variability (HRV) derived from electro-cardiogram recordings could also be used as an
easier alternative for screening for CAN.

Grade A; BEL 2, upgraded by expert opinion of task force

Recommendation 8.6—Diabetic foot exams should be performed at every visit (in
person or virtual) to identify deformities and to identify those at risk for late complications
such as ulcerations and amputations.

Grade A; BEL 1

Recommendation 8.7—Intensive glucose control applied as early as possible is
recommended to prevent the onset of DPN and CAN in T1D. Achieving optimal control

of glucose, BP, and lipid levels along with lifestyle interventions, including weight loss and
exercise, are recommended to prevent DPN and CAN in T2D. Lifestyle interventions are
effective for DPN and CAN prevention in persons with prediabetes/metabolic syndrome.

Grade A; BEL 2, upgraded by expert opinion of task force

Recommendation 8.8—Pregabalin, duloxetine, and capsaicin 8% patch are
recommended for the treatment of neuropathic pain due to DM and have received regulatory
approval in the United States. Current evidence shows that these agents are effective in
reaching 30% to 50% reduction in pain in many individuals (Grade A; BEL 1). However,
gabapentin and some tricyclic antidepressants may be as effective to achieve a clinically
meaningful reduction in diabetic neuropathic pain (Grade B; BEL 1). Combining two or
more agents from different classes may have enhanced benefits with lower adverse effects
and risks than maximizing the dose of one medication or using opioids. The use of opioids,
including tapentadol or tramadol, is NOT RECOMMENDED due to high risk of addiction
and other complications.

Grade A; BEL 1
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Recommendation 8.9—L.ifestyle interventions including a combination of regular
aerobic, strengthening, and balance exercises, reduction of sedentary behavior, and

dietary modification aimed at reducing calorie intake and increasing plant-based

and polyunsaturated fats are recommended. Neuromodulatory techniques such as high-
frequency spinal cord stimulation and combining pharmacological with nonpharmacological
approaches should be considered in those with refractory painful DPN.

Grade B; BEL 1

Evidence Base 8: How should neuropathy be diagnosed and managed in persons with

DM?

Diabetic neuropathy affects about half of all persons with DM, contributing to substantial
morbidity and mortality and resulting in a huge economic burden for DM care due to

the increased risk of associated complications such as pain, sleep disturbances, falls and
fractures, reduced QoL, polypharmacy, and socioeconomic consequences,417:418,542-552
Persons with prediabetes and/or obesity may also develop DPN.547:548,553

Consensus in the field is that diabetic neuropathies are defined by the presence of symptoms
and/or signs of peripheral and autonomic nerve dysfunction in people with DM after

the exclusion of other causes confirmed through clinical examination and appropriate
differential tests. Among the various forms of diabetic neuropathy, distal symmetric
polyneuropathy and diabetic autonomic neuropathies, particularly CAN, are by far the

most studied.>4 There are several atypical forms of diabetic neuropathy as well. A
comprehensive classification of diabetic neuropathies was updated by the ADA’s 2017
position statement on diabetic neuropathy.>4’

Symptoms of DPN vary depending on the class of sensory nerve fibers involved. The
earliest affected nerve fibers are usually the small myelinated and unmyelinated fibers;

thus, the most common early symptoms are pain and dysesthesias (unpleasant sensations

of burning).247:554.555 Neuropathic pain may be the first symptom that prompts persons to
seek medical care and is present in up to 25% to 30% of individuals with DPN,347:555-559
Characteristically, the pain is burning, lancinating, tingling, or shooting (electric shock-like),
with paresthesia, occurring in varying combinations, and is typically worse at night>*/
Neuropathic pain may be accompanied by an exaggerated response to painful stimuli
(hyperalgesia) and pain evoked by contact, with socks, shoes, and bedclothes (allodynia)

for example.547:556,557,560,561 Neyropathic pain can lead to interference with daily activities,
disability, psychosocial impairment, and reduced health-related QoL .247:552.:562,563 The
direct and indirect economic burden associated with neuropathic pain is substantial.

The involvement of large fibers may cause numbness, tingling without pain, and loss of
protective sensation.>*’ Persons can also initially present with a completely insensate, numb
foot, stating their feet feel like they are wrapped in wool or that they are walking in thick
socks.

There are several established clinical tests that may be easily used to assess small- and
large-fiber function. In clinical care, assessment of pinprick and temperature (mostly
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cold) sensation provide reliable information on small-fiber function, whereas assessment
of vibration perception (with a 128-Hz tuning fork), proprioception, light touch to 10-g
monofilament, and ankle reflexes allow assessments of large-fiber function (Table 13) all
in a “stocking and glove” distribution. Assessment of light touch perception using a 10-g
monofilament should be performed on the dorsal aspect of the great toe bilaterally as
recommended.>*’ However, it is important to consider that the 10-g monofilament is a
useful clinical tool mainly for detecting advanced neuropathy and identifying persons at
increased risk of ulceration and amputation.>47:564 |_oss of ankle reflexes occurs early, and
later weakness of small foot muscles and dorsiflexors are also observed.>4”

The diagnosis of DPN is principally a clinical one. A combination of typical
symptomatology and symmetrical distal sensory loss, or typical signs in the absence

of symptoms, in a person with DM is highly suggestive of DPN and may not require
additional evaluations or referral.547:565-567 Tests for small fibers such as pinprick and
temperature discrimination are recommended for diagnosis to document the deficits in the
same DPN specific pattern.547:556 Electrophysiological testing or referral to a neurologist is
rarely needed for diagnosis, except in situations where the clinical features are atypical,

the diagnosis is unclear, and a different etiology is suspected.>47:554.565 However, the
presence of atypical features including motor deficits greater than sensory, asymmetry of
symptoms and signs, and rapid progression warrant a timely referral >4 Skin biopsy and/or
standardized quantitative sensory testing are sensitive tests for small-fiber neuropathy and
should be considered if the clinical features are atypical and a different etiology is suspected.

It is also important to remember that several peripheral neuropathies due to causes other
than DM may coexist in persons with DM, mimic diabetic neuropathy, and may be
treatable.>*” Thus, undertaking a thorough family and medication history and performing
relevant investigations are helpful to assess other potential etiologies, such as alcohol abuse,
genetic neuropathies, neoplasia, toxic exposure, and amyloidosis. Laboratory screening
includes vitamin By, levels to test for By, deficiency (particularly in persons treated

with metformin), thyroid function tests, complete blood count, metabolic panel, and serum
immunoelectrophoresis with immunofixation to test for a monoclonal gammopathy.>4”

As recommended by the Toronto Consensus on Diabetic Neuropathy,®68 for research
purposes, a diagnosis of confirmed diabetic neuropathy requires a combination of
symptoms, signs, and abnormality of objective tests such as changes in nerve conduction
studies. The symptoms and signs of DPN have been broadly covered above in the clinical
section. However, for research, a range of assessments, including more objective measures
and importantly, person-reported outcomes, has been developed over time and validated. The
use of validated clinical instruments such as the Michigan Neuropathy Screening Instrument
(most widely used in large cohorts of persons with T1D and T2D),89.417,546,550,569-571

the modified Toronto Clinical Neuropathy Scale,>72 the Utah Early Neuropathy Scale,>73

or the Neuropathy Disability Score>’4 are feasible and can be done in a standardized

fashion in large cohorts of persons with DM. Instruments for painful DPN also have been
validated.556.558
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In addition to screening for DPN, a comprehensive foot examination at all outpatient

office visits is necessary to identify foot ulcerations, infections, vascular insufficiency,

and deformities that could lead to limb loss or mortality.>”® The global burden of foot
complications, including ulcerations, infections, and ischemia that may lead to amputation,
is between 2.2% to 6.3% of persons with DM per year, and the lifetime risk of any foot
complication is up to 34% in persons with DM.576:577 Recurrence of foot ulcerations after
healing is common, up to 50% at 3 years.>’6 Most foot ulcerations have a neuropathic
component®/7 and are preventable by foot care that includes daily inspection, nail and

skin care, correction of foot deformities, and/or provision of appropriate footwear to
accommodate structural changes.>’8 In-office examination should include inspection for
vascular insufficiency, musculoskeletal deformities, skin breakdown, or abnormal skin callus
formation in addition to the DPN examination.>’® Referral to podiatry or others on a
multispecialty team may prevent infections and ulcerations from progressing to limb loss.>80
Risk assessment for diabetic foot problems is integral to comprehensive care of persons with
DM.575

Prevention of Diabetic Peripheral Neuropathy—~Prevention of diabetic neuropathies
focuses on glucose control and lifestyle modifications. Enhanced glucose control in

people with T1D dramatically reduces the incidence of DPN (78% relative risk
reduction),’8:542:547.549 and glucose control remains the strongest risk factor for DPN in
T1D even in contemporary cohorts.417:542-544.547 Despite socioeconomic barriers being
associated with DPN, one should aim to achieve near-normal glycemia in persons with T1D
at risk of DPN.>** In contrast, enhanced glucose control in people with T2D reduces the
risk of developing DPN more modestly.>47:57 The ACCORD trial in individuals with T2D
reported a modest but significant DPN risk reduction with intensive glycemia intervention
after 5 years of follow-up,®° but other trials reported inconclusive effects.>*” Specific
glucose-lowering strategies may contribute to the discrepancy. For example, participants,
particularly men, in the BARI 2D trial treated with insulin sensitizers had a lower incidence
of DPN over 4 years than those treated with insulin/SUs.570 There is also emerging
evidence that lifestyle modifications either as exercise alone (supervised aerobic with or
without resistance training), combined dietary modification and exercise, or other behavioral
interventions may have beneficial effects on preventing DPN in some persons with T2D or
prediabetes.>47:526,582,583,581-586 Emerging evidence shows a potential benefit of bariatric
surgery on reducing risk of DPN.587

Management of Diabetic Peripheral Neuropathy—Despite major advances in
elucidating the pathogenesis of diabetic neuropathy, there remains a lack of disease-
modifying treatment options in individuals with DM; hence, there is an urgent need for
more targeted research.

Currently, there is no convincing evidence supporting glucose control or lifestyle
management as therapies for neuropathic pain in DM or prediabetes. At present, among
pharmacological options, pregabalin®88-5%8 and duloxeting®94.595:599.600 are oral agents that
have received regulatory approval for the treatment of neuropathic pain associated with
DPN by the FDA and are effective for DPN pain reduction when using patient-reported
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outcomes.>*7 In addition, based on evidence from 2 large 12-week randomized multicenter
trials in 2020, the FDA approved the cutaneous concentrated capsaicin 8% patch that works
by desensitizing and interfering with the function of the transient receptor potential vanilloid
1 receptor, a protein involved in pain signaling. However, the patch needs to be applied for
~30 minutes and can be done only in the office with a physician present.601.602 The opioid,
tapentadol, has received regulatory approval in the United States and Canada, but evidence
for its use is, at best, inconclusive,t03:604 and the ADA and other organizations strongly
recommend against using any opioids for management of DPN pain.>*’ Reviewing evidence
for the variety of agents that can modify DPN pain, one should use a stepwise approach

and consider an individual’s comorbidities, socioeconomic status, and potential drug
interactions.>47:605 Nonsteroidal anti-inflammatory agents should be avoided for chronic
pain management in persons with DM due to adverse kidney effects. Given the high risk

of addiction, abuse, sedation, and other complications and psychosocial issues, even with
short-term opioid use, opioids are not recommended in the treatment of painful DPN.547
High frequency (eg,10 kHz) spinal cord stimulation is a nonpharmacological approach

that may be effective in persons with painful DPN that failed at least one medication, as
suggested by a recent large RCT, leading to FDA approval in 2021 (Fig. 4).606.607

Regular aerobic, strengthening, and balance exercise, alone or in combination; reduction of
sedentary behavior; and dietary modification aimed at reducing calorie intake and increasing
plant-based foods and polyunsaturated fats have all demonstrated positive outcomes

for individuals with DPN, including for neuropathic pain reduction.581-583,586,608-610
Small-fiber neuropathies should be managed with foot protection (eg, padded socks);
supportive shoes with orthotics, if necessary; regular foot and shoe inspection; prevention

of heat injury; and use of emollient creams.>*’ Regular foot and nail care by a trained
professional is recommended. Advanced stages of large-fiber neuropathies may require

a multidisciplinary approach to include strategies to enhance muscle strength, gait, and
balance training; titrate any pain or other medications that could promote dizziness and other
side effects affecting gait and balance; orthotics to treat and prevent foot deformities; tendon
lengthening for pes equinus from Achilles tendon shortening; and/or surgical reconstruction
in case of deformities.547.609

Autonomic Neuropathies—Autonomic neuropathies affect the autonomic neurons (para-
sympathetic, sympathetic, or both) and are associated with a variety of condition-specific
symptoms and signs that should be evaluated during the medical history and physical
examination of all individuals with DM.547 CAN is the most studied and clinically

relevant of the diabetic autonomic neuropathies, whereas Gl, genitourinary, and sudomotor
dysfunction may also develop during the course of DM and impact a person’s QoL and
optimal management.>*

CV Autonomic Neuropathy—Prevalence rates for CAN vary from ~3% to 5% in early
T1D, to 44% over 23 years of mean follow-up, even with the current standard of care.417:542
Prevalence rates as high as 60% have been reported in earlier cohorts with long-standing
T2D or more advanced disease.>47-611 Furthermore, even in more contemporary cohorts with
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recent-onset T2D prevalence rates of up to 25% have been observed,>#5546 including in
youth#17:612-615 oy at different degrees of glucose intolerance.616

Timely detection of CAN may help implementation of tailored interventions to prevent
its progression and mitigate the risk of associated complications, including CVD, cardiac
arrhythmias, myocardial dysfunction leading to congestive heart failure (CHF), CKD, and
all-cause mortality.547:614.617-625 ynfortunately, CAN is frequently overlooked in clinical
practice due to its characteristic subtle presentation earlier in disease.>47:614

Screening and Diagnosis of CV Autonomic Neuropathy in Clinical Care—It
could be quite challenging to detect CAN in its early stages in routine clinical care, as
persons may be completely asymptomatic (subclinical CAN) and may only present with
decreased HRV.247 The most common symptoms of CAN occur upon standing and include
lightheadedness, weakness, palpitations, faintness, and syncope.>*7:614 Targeted questions to
unveil these symptoms should be included with a medical history. The specificity of these
symptoms for CAN is quite low as they may occur in many other endocrine disorders, CVD,
or with use of various medications, requiring an appropriate differential.>*’ In addition,
these symptoms occur late in the disease course. Clinicians should consider screening
persons at risk for developing CAN for hypoglycemia unawareness and vice versa, as this
may be associated with CAN.

Clinical Signs of CV Autonomic Neuropathy—~Persons with subclinical CAN present
with a decrease in HRV, usually with deep breathing or change in posture, considered

the earliest clinical indicator of CAN.247:614 Although HRV testing is largely confined to
the research setting, the CV reflex tests that assess changes in HRV during standardized
clinical challenges such as deep breathing, Valsalva maneuver and supine-to-standing
position remain the gold standard tests and are available for clinical care as well.547:614.626
However, even these relatively simple methods could be challenging in some clinical
settings, highlighting the need for easily accessible diagnostic tools and/or biomarkers

for screening and diagnosis of CAN for general clinical care.>47:627 Indices of HRV

derived from standard short electrocardiogram recordings have been recently validated as
an alternative approach.827 Other evaluations requiring a variety of expensive devices have a
low sensitivity and specificity for CAN and are not recommended for use in clinical care.614

As CAN progresses, persons may present with resting tachycardia with fixed heart rate
(>100 bpm), exercise intolerance, nondipping BP and reverse dipping BP, and in most
advanced cases with orthostatic hypotension (a fall in systolic or diastolic BP by >20 mm
Hg or >10 mm Hg, respectively, upon standing without an appropriate increase in heart
rate).>47 Orthostatic hypotension is usually easy to document in the office by measuring
the BP supine and after standing. However, as with symptoms, the specificity of the signs
for CAN is low, and thorough differential is required.>*” In a symptomatic person with a
history of poor glucose control presenting with resting tachycardia or postural hypotension,
clinicians may not need to perform additional CAN tests given costs and burden after
excluding other potential causes.>*
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Management of CV Autonomic Neuropathy—Intensive glucose control is most
effective to prevent CAN in T1D as documented by a 45% reduction in risk with intensive
glucose control in the Diabetes Control and Complications Trial, a benefit that persisted
during the Epidemiology of Diabetes Interventions and Complications study with a 30%
reduction in incident CAN over an additional 14 years of follow-up.>42:628.629 Gycose
control as part of a multifactorial intervention that also targeted hypertension, dyslipidemia,
and lifestyle demonstrated a 63% reduction in the rate of progression to CAN in a small
T2D cohort participating in the Steno-2 trial.530 Analyses from the ACCORD trial reported
that, after adjusting for multiple other risk factors, intensive glucose treatment significantly
reduced CAN risk by 16% compared to standard intervention in a large cohort of more
than 8 000 participants with T2D in the ACCORD trial over a mean 5-year follow-up.611
As for DPN, lifestyle modifications with diet and exercise have shown benefit in CAN
prevention.531

Management of orthostatic hypotension involves both behavioral and pharmacological
interventions. Behavioral supportive measures include: (1) avoiding abrupt changes in body
position; (2) avoiding actions that elevate intraabdominal and intrathoracic pressures; (3)
avoiding medications that would exacerbate hypotension such as tricyclic antidepressants,
phenothiazines, and diuretics; (4) raising the head of the bed during sleep; (5) following a
schedule of small and frequent meals to minimize postprandial hypotension; (6) considering
physical counterpressure maneuvers such as leg crossing and squatting; and (7) hydrating
with fluids and salt, if not contra-indicated.>*” Pharmacological therapy includes midodrine
and the more recent droxidopa, both of which are FDA approved for the management of
orthostatic hypotension and may be considered in persons who fail nonpharmacological
interventions. However, it is recommended to proceed with a very slow titration and use the
minimally effective dose to avoid undesirable side effects. In selected severe cases, low-dose
fludrocortisone may be also an option.>*/

Gastrointestinal Autonomic Neuropathy—GlI neuropathies may involve any portion
of the GI tract with manifestations including esophageal dysmotility, gastroparesis
(delayed gastric emptying), constipation, diarrhea, and fecal incontinence.>*” Among these,
gastroparesis may the most common condition providers may consider in clinical practice.

Earlier prevalence data on gastroparesis are limited and inconsistent. However, more
recent data from larger community-based studies reported that cumulative incidence of
gastroparesis over 10 years was 5% in T1D compared with T2D (1%) and controls (1%).
The prevalence of GI symptoms that could mimic gastroparesis increased substantially in
recent years in the United States and other countries, although these are nonspecific.

Screening and Diagnosis in Clinical Care—A careful history may unveil symptoms
such as early satiety, fullness, bloating, nausea, vomiting, dyspepsia, and abdominal pain.
However, all these symptoms are nonspecific and resemble many other conditions, do not
correspond with the severity of gastroparesis, and are poorly associated with abnormal
gastric emptying.>4” Thus, gastroparesis may be clinically silentin the majority of cases
and symptoms and many persons may only present with unexplained early postprandial
hypoglycemia followed by later hyperglycemia.>*’
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Importantly, besides organic causes such as gastric outlet obstruction or peptic ulcer
disease, hyperglycemia, hypoglycemia, and acute changes in BG are well documented

to alter gastric emptying.24” A critical consideration is that several medications widely
used in persons with DM, especially opioids, that have been unfortunately prescribed
extensively for pain management, and GLP-1 RAs, directly affect gastric emptying and
could mimic gastroparesis or cause iatrogenic gastroparesis.>*’ Therefore, a thorough
differential to exclude all these factors known to affect gastric emptying (including
esophagogastroduodenoscopy and/or a barium study of the esophagus, stomach, and upper
Gl tract), careful documentation of medication intake, and performing CGM if available
should always be considered before conducting more specialized testing for gastroparesis
and a firm diagnosis is established.

The diagnostic gold standard is the measurement of gastric emptying with scintigraphy

of digestible solids at 15-minute intervals for 4 hours after food intake. Optimization of
glucose levels prior to scanning is needed to avoid false-positive results. However, this

test is burdensome, time consuming, not readily available, and costly. Recently, the use of
13C-octanoic acid breath test has been FDA approved and emerged as a much easier to use
alternative.>47

Other Forms of Diabetic Neuropathies—Other forms of diabetic neuropathies are
mononeuritis such as cranial nerve palsies or entrapment neuropathies (eg, carpal tunnel
syndrome, ulnar entrapment, and peroneal entrapment, among others).832-635 There may
also be atypical variants of diabetic neuropathy such as small-fiber neuropathies, which
present predominantly with pain and autonomic features.636.637 Risk factors include
metabolic syndrome, IFG, and I1GT.638-640

Question 9: How should antihyperglycemic agents be prioritized in persons with T2D at
high risk for or with established CvD?

Recommendation 9.1—In persons with T2D and established ASCVD or at high risk
for ASCVD, use GLP-1 RAs with proven CV benefits to reduce the risk of myocardial
infarction, stroke, or CV death regardless of other glucose-lowering or CV therapies and
independent of A1C.

Grade A; BEL 1

Recommendation 9.2—In persons with T2D and established ASCVD or very high
ASCVD risk, use SGLT2is with proven CV benefits to reduce the risk of hospitalization
for HF, major adverse CV events (MACE), or CV death regardless of background glucose-
lowering therapy, CV therapy, or A1C.

Grade A; BEL 1

Recommendation 9.3—In persons with T2D and established HF (regardless of ejection
fraction, background glucose-lowering or HF therapies, or A1C), use SGLT2is with proven
HF benefits to reduce the risk of hospitalization for HF or CV death, and to improve
HFerelated symptoms.
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Grade A; BEL 1

Recommendation 9.4—In persons with T2D and ASCVD or at high risk for ASCVD,
use GLP-1 RAs with proven benefit for reduction in the risk of stroke. In persons with
insulin resistance, prediabetes, or T2D and a prior transient ischemic attack or stroke,
pioglitazone should be considered to reduce the risk of recurrent stroke.

Grade A; BEL 1

Evidence Base 9: How should antihyperglycemic agents be prioritized inpersons with T2D
athighriskforor withestablished CVD?

Evidence Base 9.1: DM and ASCVD—ASCVD remains the leading cause of morbidity
and mortality in persons with T2D; therefore, prevention of ASCVD events is a key clinical
priority. Multiple CVOTSs have demonstrated that the use of GLP-1 RAs significantly

lowers the risk of MACEdtypically defined as a composite of nonfatal MI, nonfatal

stroke, or CV deathdin persons with T2D and either established ASCVD or at high risk

for ASCVD. The category of “high risk” varies between studies, but in general includes
persons with T2D, target organ damage, and/or risk factors for ASCVD. In specific,

large trials of injectable GLP-1 RAs, once-daily liraglutide, and once-weekly albiglutide,
semaglutide, dulaglutide, and efpeglenatide have all shown significant reduction in the risk
of MACE.242427,472,641-643 The trial of once-weekly exenatide demonstrated a directionally
favorable effect on MACE but narrowly missed statistical significance.544 The outcome trial
of once-daily lixisenatide was neutral.54® Initial CVOT of oral semaglutide demonstrated
CV safety but was not powered for superiority.546

A 2021 comprehensive meta-analysis of 8 major GLP-1 RA CVOTs, comprising more than
60 000 participants, demonstrated that these agents reduce the risk of MACE by 14% (HR,
0.86; 95% Cl, 0.80-0.93; £<.0001) as well as individual components of MACE, including
MI, stroke, and CV death.543 In addition, GLP-1 RAs also reduced the risk of death from
any cause by 12% (HR, 0.88; 95% CIl, 0.82-0.94; P=.0001) and produced a modest but
significant decrease in hospitalization for HF (HR, 0.89; 95% ClI, 0.82-0.98; £=.013).643
Importantly, these benefits were consistent in persons with or without established ASCVD
and did not differ based on GLP-1 RA structural homology (human vs exendin based),
baseline A1C, or background antihyperglycemic therapy (Fig. 5).

Evidence Base 9.2: DM and HF—The risk of HF is 2- to 4-fold higher in persons

with DM compared with those without DM.847 Thus, prevention of HF is critically
important. Multiple large CVOTSs and kidney outcome trials of SGLT2is have demonstrated
robust and consistent reductions in the risk of hospitalization for HF in persons

with T2D.239.423,425,426,648 These trials tested different agents in the class (including
empagliflozin, dapagliflozin, canagliflozin, and ertugliflozin), and included both persons
with and without established ASCVD, HF, and kidney disease.

A comprehensive meta-analysis of 6 major SGLT?2i trials in individuals with T2D,
comprising nearly 50,000 participants showed a 32% reduction in the risk of hospitalization
for HF (HR, 0.68; 95% Cl, 0.61-0.76), a 22% reduction in the composite of hypertensive
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HF and CV death (HR, 0.78; 95% ClI, 0.73-0.84), and a 15% reduction in CV death (HR,
0.85; 95% Cl, 0.78-0.93) with SGLT2is vs placebo.®49 In addition, there was also a modest
but significant 10% reduction in the risk of MACE (HR, 0.90; 95% ClI, 0.85-0.95).649 All
of these benefits were consistent regardless of presence or absence of ASCVD. Secondary
analyses across several of these trials also showed that HF prevention benefits of SGLT2is
are present regardless of baseline CV or antihyperglycemic therapies (including metformin)
(Fig. 5).649

Evidence Base 9.3: DM, ASCVD, and HF—Persons with HF (regardless of left
ventricular ejection fraction) have a high risk of death and hospitalizations and experience a
high burden of debilitating symptoms, physical limitations, and a poor QoL. The prognosis
is particularly unfavorable in persons with HF who have concomitant T2D. Several large
RCTs, which in combination enrolled over 8000 persons, have demonstrated that SGLT2is
significantly reduce the risk of CV death or worsening HF and improve symptoms, physical
limitations, and QoL in persons with heart failure with reduced ejection fraction (HFrEF).

In the DAPA-HF (Dapagliflozin And Prevention of Adverse-outcomes in Heart Failure) trial,
dapagliflozin reduced the primary endpoint of CV death or worsening HF by 26%, whereas
in EMPEROR-REDUCED (Empagliflozin Outcome Trial in Patients With Chronic Heart
Failure With Reduced Ejection Fraction), empagliflozin significantly reduced the risk of CV
death or hospitalization for HF by 25%.457:470 Both of these studies, as well as a smaller
RCT of dapagliflozin (DEFINE-HF [Dapagliflozin Effects on Biomarkers, Symptoms and
Functional Status in Patients with HF with Reduced Ejection Fraction]) also demonstrated
significant improvement in HF-related symptoms with SGLT2is.650.651 The benefits were
highly consistent in persons both with and without T2D; however, because persons with
T2D had higher absolute risk, they experienced a greater absolute benefit with SGLT2is vs
placebo.

More recently, empagliflozin also was shown to significantly reduce the risk of CV

death or hospitalization for HF in nearly 5000 persons with HF and heart failure with
preserved ejection fraction (HFpEF) by 21%.443 Furthermore, the PRESERVED-HF trial

of 324 persons with HFpEF demonstrated a large, clinically meaningful, and significant
improvement in symptoms, physical limitations, and exercise function with dapagliflozin, as
compared with placebo.%52 Similar to HFrEF trials of SGLT2is, in both HFpEF trials the
benefits were consistent in persons with and without T2D.

In the SOLOIST-WHF (Effect of Sotagliflozin on Cardiovascular Events in Patients with
Type 2 Diabetes Post Worsening Heart Failure) trial, which recruited ~1200 persons who
were either hospitalized with HF or were recently discharged following hospitalization for
HF, and all of whom had T2D, a mixed SGLT1/2 inhibitor sotagliflozin also significantly
reduced the primary endpoint of total HF hospitalizations or CV death but is not yet FDA
approved.553

Collectively, these data indicate that SGLT2is address all key goals of care in HF: reducing
death and hospitalizations and improving symptoms, physical limitations, and QoL across
the broad range of ejection fraction, and that persons with T2D derive a greater absolute
benefit from these agents due to their higher baseline absolute risk (Fig. 5).
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Evidence Base 9.4: DM and Stroke—Stroke is a devastating CV event, leading to
disability, cognitive and physical dysfunction, recurrent strokes, and death. Persons with
DM have a significantly higher risk of stroke, which is particularly pronounced in the
elderly. In a cross-sectional study of 4346 persons aged =60 years using the National

Health and Nutrition Examination Survey 2013-2018 dataset, the presence of DM increased
the risk of stroke (OR, 28.019; 95% Cl, 19.139-41.020) dramatically.5>4 Additionally,

the risk of death from stroke in persons with DM is 1.6 to 1.9 times the death rate for
persons without DM.55% The National Health Interview Survey conducted from 2000-2009
included participants with DM (8.2%) and showed that death attributable to cerebrovascular
disease was significantly higher (HR, 1.48; 95% ClI, 1.18-1.85) among those with DM
compared to those without DM.5%6 In the large Trial Evaluating Cardiovascular Outcomes
with Sitagliptin study population, 1084 deaths were adjudicated from the study population of
14,671 persons with DM and ASCVD.857 Death due to stroke (7= 65) was more common
than death due to MI (/7= 48) but less common than sudden death (7= 145).657

After the initial cerebrovascular accident (CVA), whether transient ischemic attack or stroke,
the risk of recurrence and mortality increases. In an analysis of repeat hospitalization after
first-ever lifetime stroke, DM was noted to increase the risk of repeat hospitalization for
all causes.5%8 Among persons aged <65 years who were stroke survivors and admitted to a
comprehensive stroke center in Ontario, Canada (//8293), preexisting DM was associated
with increased risk of in-hospital death (adjusted OR, 1.46; 95% CI, 1.14-1.87) or direct
discharge to long-term care (adjusted OR, 1.65; 95% ClI, 1.07-2.54).65% Among those
discharged (/V 7847), preexisting DM was associated with increased rate of death (adjusted
hazards ratio [aHR], 1.68; 95% CI, 1.50-1.88), admission to long-term care (aHR, 1.37;
95% Cl, 0.21-1.54]), and incident dementia (aHR, 1.44; 95% Cl, 1.17-1.77).559 Clearly,
prevention of incident and recurrent stroke is a high priority in the care of persons with
DM. Comprehensive risk factor management for reduction of ASCVD including stroke is
discussed in R 9.1 and R 9.4 of this document.

Glucagon-like Peptide-1 Receptor Agonists and Stroke: Recent randomized, placebo-
controlled clinical trials with adjudicated CV outcomes have been informative regarding

the impact of GLP-1 RAs on the risk of fatal and nonfatal stroke. The Liraglutide Effect
and Action in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER) trial
randomized 9340 persons with T2D with CVD or at high risk for CVD and demonstrated
lower risk for the composite outcome (Ml, stroke, CV death) (HR, 0.86; 95% CI, 0.78-0.97;
P< .001 for noninferiority, 2= 0.01 for superiority).#2” The HR for nonfatal stroke (HR,
0.89; 95% Cl, 0.72-1.11; P=.30) provided the first indication that GLP-1 RAs could

have a positive effect on stroke.#*2” SUSTAIN-6, the semaglutide CVOT, tested once-weekly
injectable semaglutide and found a more pronounced effect on stroke (HR, 0.61; 95% ClI,
0.38-0.99; P=.04).242 PIONEER-6, the CVOT for oral semaglutide, showed noninferiority
for MACE and numerically fewer nonfatal strokes.546 Dulaglutide was tested in 9901
participants with DM and prior ASCVD or at high risk for ASCVD and showed reduction
in MACE (HR, 0.88; 95% Cl, 0.79-0.99; £=.026) and reduction in nonfatal stroke (HR,
0.76; 95% ClI, 0.61-0.95; P=.017).542 In the CVOTs Harmony Outcomes (albiglutide

vs placebo), EXSCEL (exenatide LA vs placebo), and AMPLITUDE-O (efpeglenatide vs
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placebo), there were numerically fewer strokes, but HRs were not significant.472:641.644
ELIXA (lixisenatide vs placebo after acute coronary syndrome) showed noninferiority for
MACE but no effect on fatal or nonfatal stroke.5*> Two meta-analyses of CVOTs of GLP-1
RAs vs placebo reported MACE outcomes, including stroke.643:660 A 2021 meta-analysis
analyzed 7 RCTs (/56,005 participants) with 174,163 patient years of follow-up and

found that GLP-1 RAs reduced nonfatal stroke (RR, 0.85; 95% CI, 0.77-0.95) without
statistically significant heterogeneity among the trials.569 A comprehensive meta-analysis of
the 8 completed CVOTSs of GLP-1 RAs vs placebo in persons with DM and either prior
ASCVD or at high risk for ASCVD reported risk reduction for fatal or nonfatal stroke (HR,
0.83; 95% Cl, 0.76-0.92; £=.0002).%43 The number needed to treat, calculated over a
weighted average median follow-up of 3.0 years to prevent one fatal or nonfatal stroke, was
reported as 241 (120-1694).543 Another meta-analysis evaluated the efficacy and safety of
GLP-1 RAs for stroke prevention in 8 RCTs comprising 56,251 participants and found that
compared with placebo, GLP-1 RAs reduced nonfatal strokes (OR, 0.84; 95% CI, 0.76-0.94;
P=.002) and all strokes (OR, 0.84; 95% ClI, 0.75-0.93; P=.001).661

Currently, FDAeapproved indications for the GLP-1 RAs exenatide QW, lixisenatide, and
oral semaglutide are to improve glycemic control in adults with T2D. Dulaglutide has an
additional indication to reduce MACE for people with T2D with and without established
CVD. Liraglutide and semaglutide SC are approved to reduce the risk of MI, CVA, or
CV death in adults with T2D and CVD.562 No other antihyperglycemic agents have an
FDAeapproved indication for CVA or stroke prevention (Fig. 5).

Pioglitazone and Stroke: Pioglitazone was arguably the first glucose-lowering medication
to be tested in a placebo-controlled, dedicated CVOT. In the PROspective pioglitAzone
Clinical Trial In macroVascular Events (PROactive Study), 5238 persons with T2D and prior
ASCVD were randomized to receive pioglitazone or placebo with follow-up of an average
of 34.5 months.63 Although the primary composite endpoint was not significant, the main
secondary endpoint consisting of all-cause mortality, nonfatal MI, and stroke was positive
with an HR of 0.84 (95% CI, 0.72-0.98; £=.027).563 The HR for stroke was 0.81 (95%

Cl, 0.61-1.07), suggesting but not proving benefit.563 PROactive was followed by the IRIS
trial (Pioglitazone after Ischemic Stroke or Transient Ischemic Attack), which randomized
3876 persons with insulin resistance but not DM to pioglitazone or placebo, with a follow-up
of 4.8 years.%64 The primary outcome of fatal or nonfatal stroke or M1 was reduced (HR,
0.76; 95% Cl, 0.62-0.93; P=.007).664 A post hoc analysis of the IRIS trial in the subset

of participants with prediabetes and good adherence (A1C 5.7%-6.4%, N 1454) showed that
pioglitazone reduced the outcomes of stoke (HR, 0.64; 95% CI 0.42-0.99) and stroke/MI
(HR, 0.57; 95% Cl, 0.39-0.84).565 Adverse events of HF, edema, and bone fracture were
increased with pioglitazone.564 A meta-analysis of these trials plus others of varying size
and duration reported that the use of pioglitazone reduced the risks of MACE and Ml
significantly, whereas there was a trend toward reducing recurrent stroke (RR, 0.81; 95%

ClI, 0.65-1.01) in persons without DM, similar to the result in persons with DM (RR, 0.78;
95% Cl, 0.62-1.02).666 Another meta-analysis of the risk of recurrent stroke in persons with
prior transient ischemic attack or stroke (A 4980 with insulin resistance, prediabetes, or DM)
found that pioglitazone reduced the risk of recurrent stroke (HR, 0.68; 95% CI, 0.50-0.92; P
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=.01) and future major vascular events (HR, 0.75; 95% ClI, 0.64-0.87; £=.0001) without
heterogeneity across clinical trials (Fig. 5).557

Clinicians should discuss the risks and benefits of GLP-1 RAs with proven ASCVD risk
reduction in persons with DM who are at high risk for stroke or who have had a prior
stroke. This recommendation is concordant with evidence reviews and recommendations

of other national and international bodies.199431.662 Alternatively, consider pioglitazone for
stoke prevention after the risks and benefits of this therapy have been evaluated clearly and
presented to persons with DM so that adverse effects can be avoided. Additional study of
these antihyperglycemic agents in persons at risk for stroke is clearly warranted.

Question 10: How should obesity be managed in persons with DM?

Recommendation 10.1—Persons with prediabetes, T1D or T2D, and obesity/adiposity-
based chronic disease (ABCD) have 2 diseases, and each should be treated effectively with
the goal of optimizing their respective outcomes.

Grade B; BEL 2 and expert opinion of task force

Recommendation 10.2—The diagnosis and evaluation of ABCD in persons with
prediabetes, T1D, or T2D should include both anthropometric and clinical components. The
anthropometric evaluation should include body mass index (BMI), confirmed by physical
examination that excludes excess muscle mass, edema, or sarcopenia. Waist circumference
(WC) should be measured as a marker of cardiometabolic disease (CMD) risk.

Grade B; BEL 2 and expert opinion of task force

Recommendation 10.3—For most adults, BMI values that indicate excess body weight
are 25 to 29.9 kg/m? for overweight and =30 kg/m? for obesity, and WC threshold values
2102 cm for men and =88 cm for women.

Grade B; BEL 4 and expert opinion of task force

Recommendation 10.4—The clinical evaluation of persons with both prediabetes,

T1D, or T2D and ABCD should assess the presence and severity of weight-related
complications including cardiometabolic complications such as dyslipidemia, hypertension,
nonalcoholic fatty liver disease (NAFLD)/nonalcoholic steatohepatitis (NASH), CVD,

HF, and CKD; biomechanical complications such as obstructive sleep apnea (OSA),
osteoarthritis, gastroesophageal reflux disease, and urinary incontinence; abnormalities
involving sex steroids, such as infertility, polycystic ovary syndrome, and hypogonadism;
as well as impact on psychological disorders and QoL.

Grade B; BEL 2 and expert opinion of task force

Recommendation 10.5—Persons with T2D and ABCD should be treated with weight-
loss interventions which will both improve glycemic control and prevent or treat ABCD
complications. The target for weight loss should be >5% to =10% of baseline body weight.
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Grade A; BEL 1

Recommendation 10.6—Persons with T2D and ABCD should be instructed and
supported in therapeutic lifestyle interventions that include a reduced-calorie healthy diet
generally designed to produce a =500 kilocalorie daily energy deficit, daily physical activity,
regular exercise (several times a week), and behavioral health practices.

Grade A; BEL 1

Recommendation 10.7—The Mediterranean, low-fat, low-carbohydrate, very
lowecarbohydrate, vegetarian, vegan, and DASH diets are recommended, safe, and effective
for short-term (1-2 years) weight loss, though evidence of long-term risk reduction for CVD
events and mortality exists only for the Mediterranean diet.

Grade A; BEL 1

Recommendation 10.8—Persons with T2D and obesity/ABCD with BMI 227 kg/m?
should be treated with DM medications associated with weight loss (GLP-1 RAs, SGLT2is).
In addition, for persons with prediabetes, T1D, or T2D who have obesity/ABCD, consider
FDAeapproved weight-loss medications as an adjunct to lifestyle intervention to achieve
lowering of A1C, reduction of CVD risk factors, treatment, or prevention of other ABCD
complications, and improvement in QoL.

Grade A; BEL 1

Recommendation 10.9—Persons with a BMI =35 kg/m? and one or more severe
obesity-related complications remediable by weight loss, including T2D, high risk for T2D
(insulin resistance, prediabetes, and/or metabolic syndrome), poorly controlled hypertension,
NAFLD/NASH, OSA, osteoarthritis of the knee or hip, and urinary stress incontinence,
should be considered for a bariatric procedure.568

Grade C; BEL 3

Recommendation 10.10—Persons with BMI 30 to 34.9 kg/m? and T2D with inadequate
glycemic control despite optimal lifestyle and medical therapy should be considered for a
bariatric procedure.568

Grade B; BEL 2

Evidence Base 10: How should obesity be managed in persons with DM?

Diagnosis of Obesity—Increased adiposity occurs as a positive energy imbalance driven
by dysregulated interactions involving central nervous system satiety factors, resulting

in increased caloric intake and excess adipose tissue mass.89 Although lean individuals
can have insulin resistance and CMD, weight gain together with CMD exacerbates

insulin resistance and leads to greater storage of fat in the intra-abdominal depot,

ectopic accumulation of fat in liver and muscle cells, and heightened dysregulation of
adipocytokines and systemic inflammation.670-673 \Weight gain increases risk of overt T2D
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by increasing insulin resistance, thereby placing greater metabolic stress on the pancreas

b cells in individuals predisposed to b-cell fatigue. BMI is currently used as a general
screening tool to diagnose overweight (BMI 25 to 29.9 kg/m?2) and obesity (BMI =30 kg/
m?2), but these BMI cutoffs do not capture risk of adiposity among varied ethnic groups, nor
do they identify individual CMD risk. ABCD is a medical diagnostic term that recognizes
that excessive weight gain engenders abnormalities in the mass, distribution, and function of
adipose tissue and leads to chronic complications that confer morbidity and mortality.872.673
Thus, persons with T2D and ABCD have 2 diseases that interact to worsen outcomes, and
each requires effective therapy. Weight loss not only addresses glycemic control but also
addresses both the prevention and treatment of other cardiometabolic and biomechanical
complications of obesity.

The comprehensive diagnosis of ABCD requires both anthropometric and clinical
components®74.675 The anthropometric component is largely satisfied by BMI, which is
used to diagnose individuals as lean (BMI 18.5 to 24.9 kg/m?), overweight (BMI 25 to 29.9
kg/m?2), or obese (BMI =30 kg/m?). BMI can be further categorized as obese class | (BMI
30 to 34.9 kg/m?), obese class 11 (BMI 35 to 39.9 kg/m?2), and obese class |11 (BMI 240
kg/m?2). In South Asian, East Asian, and Southeast Asian populations, health is adversely
affected at lower levels of BMI, and alternate criteria have been advocated, with BMI 18.5
to 22.9 kg/m? indicative of normal weight, 23 to 24.9 kg/m? overweight, and =25 kg/m?
obese.874 Clinical correlation is required because BMI may not reflect adipose tissue mass
in individuals with increased muscle mass, sarcopenic obesity, paraplegia, frailty, edema,
or other conditions that affect body composition. WC thresholds indicate increased risk

of CMD and exhibit regional and ethnic variations.676 Distribution of fat to the abdominal/
visceral compartment can be assessed by WC, using cutoff points of =102 cm for men and
>88 cm for women in the United States and Canada and =94 ¢cm in men and =80 cm in
women in many other populations. In South Asian, Southeast Asian, and East Asian adults,
WC >85 cm in men and =74 cm in women indicate excess abdominal fat.676.677

The limitation of BMI as a diagnosis of obesity is that BMI does not indicate the impact

of excess adiposity on overall health.67> The health effects of excess adiposity are manifest
by the development of adverse weight-related complications that are the cause of morbidity
and mortality.872.673 Complications or relevant risk factors determine disease staging and
indicate the need for more aggressive therapy to improve individual health. In persons

with ABCD and T2D, this involves an assessment of the severity of T2D as well as other
cardiometabolic and biomechanical complications because all individuals with T2D would
be designated stage 2 (at least one severe complication) ABCD.

Weight-loss Therapy and Lifestyle—Weight loss of >5% to =10% or more is needed
to achieve progressive and optimal improvements in A1C, BP, and lipids in persons with
T2D and ABCD.678:679 Weight loss of 10% or more is required to remedy other common
complications of ABCD, such as OSA %80-682 and NASH.683-685 The treat-to-target
objectives for the degree of weight loss should be individualized both for improvement of
glycemia and for improvements in ABCD complications, to include BP, lipids, osteoarthritis,
urinary stress incontinence, NAFLD/NASH,586 and OSA. The reader is referred to the

2016 AACE guideline for care of persons with obesity for evidence attesting to the
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amount of weight loss needed and efficacy of weight-loss therapy for addressing ABCD
complications.674

All persons with T2D and ABCD complications should be instructed and supported

in therapeutic lifestyle interventions that include a healthy diet with emphasis on

weight management, daily physical activity, and regular exercise (several times a week).
Consultation with a psychologist or CDCES is recommended as needed to support long-
term behavior change. The most important feature for diet modification is a reduced-
calorie meal plan, which is essential for effective weight 10ss.587-690 The initial dietary
prescription should generally be designed to produce a 500 kilocalories daily energy
deficit. Very lowecalorie diets and meal substitutes can be considered and have the
potential for T2D remission.689.691.692 The following reduced-calorie meal plans have been
shown to be safe and effective for weight loss in the short term (1-2 years) in persons

with T2D and ABCD: Mediterranean,693-700 |ow fat,689.690.701-704 |o\y carbohydrate,

very low carbohydrate,894.702-715 yegetarian and vegan,’16-720 and DASH diets.?21-723
However, evidence of long-term protection against CVD events and mortality exists only
for the Mediterranean diet.598.724-726 Minimal differences in weight loss between reduced-
calorie diets with different macronutrient composition allow health care professionals to
personalize recommendations for foods and macronutrients on the basis of individual
medical conditions, cultural and personal preferences, lifestyle, and behaviors.679

A second lifestyle modification may pertain to the potential challenges and barriers for
increased physical activity and exercise that may exist in persons with T2D and high

BMI. Physical activity and aerobic exercise guidelines are similar in persons with T2D
independent of lean vs overweight/obese BMI.431.674.727.728 |t js jmportant to evaluate
persons with T2D for contraindications, disabilities, and/or other physical limitations that
may accompany increased adiposity. A physical activity and exercise program should be
individualized for each person according to their personal preferences, goals, and physical
limitations.”2” Importantly, increased physical activity is a main component in any lifestyle
program for achieving and maintaining weight loss. In the Look AHEAD (Action for Health
in Diabetes) trial, 1-year results revealed a significant association between increased minutes
of physical activity and degree of weight loss.689

A systematic review and meta-analysis of 10 RCTs assessing lifestyle interventions vs
standard care in persons with T2D found a pooled effect of 3.33 kg average weight loss
associated with a 0.29% decline in A1C.587 Another meta-analysis of 11 RCTs with 6754
participants employing lifestyle intervention (calorie restriction, regular physical activity/
exercise and frequent contact support from health care professionals) duration of at least 1
year, showed significantly better effects on A1C, lipids, and BP in those with >5% weight
loss compared to those with <5% weight loss.588

The benefits of an intensive lifestyle and behavioral weight-loss intervention in persons
with T2D was rigorously examined in the Look AHEAD trial.878.689.690.729 Thjs study
randomized 5145 persons to an intensive lifestyle intervention or standard DM support
and education. The intensive lifestyle group were placed on a low-fat and reduced-calorie
diet ranging from 1200 to 1800 kilocalories per day based on initial weight. Liquid meal

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 56

replacements were made available to participants who found this helpful for portion control
to enhance adherence to the caloric goal. The physical activity goal was at least 175 minutes
per week consisting of activities similar in intensity to brisk walking. The participants had
frequent group and solo visits with support staff, and behavioral strategies were stressed,
such as self-monitoring, goal setting, and problem-solving. Intensive lifestyle intervention
resulted in 1-year weight loss of 8.6%, and 4-year weight loss of 4.7% compared with

1.1% in the standard group, and was accompanied by lower AL1C with less need for

DM medications, DM remission in ~10% of persons, lower diastolic and systolic BP,
improved lipids (higher HDL-C, lower triglycerides), improvements in OSA as reflected by
lower apnea hypopnea index scores, increased mobility, slower progression of nephropathy,
and improved QoL .678.680,690,729-733 The magnitude of weight loss after 1 year in Look
AHEAD was related to the frequency of using meal replacements, amount of physical
activity performed, and attendance at behavioral support sessions.®8° The principal outcome
measure in Look AHEAD was CVD events, and the study was discontinued prematurely
when an interim analysis showed no difference between treatment groups after 9.6 years
median follow-up. Even so, in subanalyses, persons losing more than 10% of weight at 1
year experienced a 21% reduction in the composite CVD outcome.”34

The Primary Care-Led Weight Management for Remission of Type 2 Diabetes (DIRECT)
trial reported on persons with T2D and ABCD followedinprimary-care clinics inthe United
Kingdomrandomized to a very lowecalorie diet vs standard care.591.692 The very lowecalorie
diet group lost 10 kg after 1 year and experienced a DM remission rate of 46% compared

to 1 kg weight loss and 4% remission rate in the control group. Remission of T2D was
directly related to the amount of weight lost with the remission rate rising to 86% inpersons
losing =15 kg at 1 year.91 After 2 years, 36% of persons with T2D remained in remission
compared to 3% who received standard care.592

The Look AHEAD and DIiRECT studies attest to the powerful benefits of lifestyle
interventions and weight loss in persons with T2D and ABCD. These composite data
indicate that weight loss should be a primary treatment modality in persons with T2D and
ABCD.

Obesity and Diabetes Medications—Weight loss >5% to =10% is required for optimal
treatment of most persons with T2D to optimally improve glycemia and address the risk,
presence, and severity of ABCD cardiometabolic and biomechanical complications.678-683
Since this degree of sustained weight loss is not commonly achieved by lifestyle
interventions alone,587:688 weight loss medications should be routinely considered as an
adjunct to lifestyle inpersons with T2D and ABCD. These medications are approved when
used in conjunction with a reduced-calorie diet plan for any person with BMI 27 to 29.9
kg/m2 who have at least one ABCD weight-related complication, to include T2D, or for any
person with BM1 =30 kg/m? regardless of ABCD complications.

The addition of weight-loss medications has been shown to achieve significantly more
weight loss than lifestyle interventions alone and produce greater A1C lowering and

improvements in cardiometabolic risk factors. The mechanism of action for all weight
loss medications (except orlistat) is to blunt appetite at the level of the central nervous
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system hypothalamic satiety centers, which thereby helps individuals adhere to a reduced-
calorie diet. All FDAdapproved medications for chronic weight management have also been
demonstrated to be effective and safe in both RCTs and a meta-analysis involving persons
with T2D.735-742 The design of these studies was consistent in that all persons with T2D
were treated with lifestyle intervention and then randomized to placebo vs weight-loss
medication. The study’s weight-loss medication arms consistently resulted in: (1) greater
weight loss than lifestyle alone, (2) lower A1C values despite less need for DM medications,
(3) reductions in BP, (4) lower triglycerides and higher HDL-C, (5) decreased levels of
hepatic transaminases, and (6) improvements in inflammatory and other biomarkers such as
CRP, fibrinogen, and adiponectin, when compared to the control arms treated with lifestyle
intervention plus placebo.

Medications used for weight loss include several sympathomimetic amines (phentermine,
benzphetamine, and phendimetrazine) approved for short-term use (<12 weeks), which
makes these drugs ineffectual for treatment of ABCD as a chronic disease. There is a lack
of rigorous long-term safety data available for the sympathomimetic amines because this
criterion was not required at the time of their approval. Placebo-subtracted weight loss
approximates 5.1% in individuals without T2D,743 and although longer-term cohort studies
have been reported,’#4 there is a lack of clinical trial data assessing efficacy and safety in
persons with T2D.

Orlistat at a dose of 120 mg 3 times per day taken with meals produced placebo-subtracted
weight loss of ~4% after 1 year in persons without T2D74 and has been shown to

be effective in those with T2D.735-737.739 \Weight loss produced by orlistat led to A1C
reductions of 0.75% after 1 year (baseline value 8.9%) in persons with T2D who were
overweight or obese. In a meta-analysis of 7 RCTs involving 1 249 persons with overweight/
obesity and T2D treated with orlistat, 23% of persons lost =5% weight and exhibited pooled
mean weight loss of 8.6 kg with decrements of 1.16% in A1C, 5.3% in total cholesterol, and
5.2 mm Hg in systolic BP.”3% A CVOT has not been performed for orlistat.

Phentermine/topiramate-extended release (ER) resulted in placebo-subtracted weight loss of
~8% to 9% in phase 3 RCTs that enrolled participants without T2D.746-748 |n persons with
T2D, phentermine/topiramate-ER administration led to placebo-subtracted weight loss of
9% to 10% at 1 year, and reduced A1C by 0.4% in persons with a baseline mean A1C of
7.0% and by 1.6% in those with a baseline mean A1C of 8.6% who had long-standing T2D
treated with multiple medications.’49:749 Weight loss was accompanied by improvements in
lipids, BP, and CVD risk biomarkers. Importantly, these improvements were significantly
greater than the lifestyle intervention alone and occurred despite greater reductions in

the need for conventional DM drugs. A CVOT has not been performed for phentermine/
topiramate-ER.

Naltrexone/bupropion-ER produced placebo-subtracted weight loss of ~4-5% in persons
without T2D730-752 and in those with T2D led to a reduction in A1C of 0.6% vs 0.1%
compared with placebo, with improvements in triglycerides and HDL-C.738 There was no
weight loss benefit for BP and the drug is contraindicated in individuals with uncontrolled
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hypertension. A CVOT for naltrexone/bupropion-ER was terminated early, and there was
insufficient data to assess CV safety.”>3

Liraglutide is an acylated human GLP-1 RA that is injected subcutaneously once per day.
Liraglutide doses up to 1.8 mg/day are approved for glycemic control and to reduce the risk
of major adverse CVD events in adults with T2D. The liraglutide dose-response for weight
loss is greater than that for glycemic control, and 3 mg per day is approved for chronic
weight management. In 3 studies of 56-week duration involving persons with obesity and
dyslipidemia or hypertension, weight loss ranged from 6.2% to 8.0% with 3 mg liraglutide
vs 0.2% to 2.9% with placebo.”54-756 |n persons with T2D, liraglutide 3 mg significantly
reduced weight over 56 weeks by 6.0% and to a greater extent than liraglutide 1.8 mg (4.7%)
and placebo (2.0 %).74! Reductions in A1C were also greater with liraglutide 3 mg (-1.3%)
compared to liraglutide 1.8 mg (-1.1%) and placebo (0.3%). These differences in A1C were
achieved while actively treating to an A1C target for liraglutide, with a greater number of
persons requiring fewer DM medications or less need to increase DM medications with
liraglutide 3 mg compared to liraglutide 1.8 mg. Liraglutide 3 mg, but not liraglutide 1.8 mg,
significantly improved levels of total cholesterol, VLDL-cholesterol HDL-C, triglycerides,
plasminogen activator inhibitor 1, and UACR compared with placebo.”*! In clinical trials of
liraglutide 3 mg, the incidence of cholelithiasis was greater than placebo. 41754

The GLP-1 RA semaglutide is acylated for binding to aloumin and has an amino acid
substitution to prevent degradation by DPP-4 that prolongs its half-life to allow once weekly
subcutaneous injection. It is approved at doses of 0.5 mg and 1.0 mg per week for glycemic
control in adults with T2D and to reduce the risk of major CVD events. Oral semaglutide

7 mg and 14 mgq is approved for glycemic control but is not currently approved for chronic
weight management, though a higher dose formulation is under development for obesity.

Subcutaneous semaglutide at the higher dose of 2.4 mg/week has been approved for chronic
weight management based on results from 4 pivotal Semaglutide Treatment Effect in People
with Obesity (STEP) trials.”42:757-759 The STEP 1 Trial enrolled persons without T2D

and demonstrated placebo-subtracted weight loss was 16.9% with on-treatment analysis
(analogous to completers) and 14.9% weight loss with in-trial analysis (analogous to

last observation carried forward with imputation).”®” The STEP 1, 3, and 4 trials used
semaglutide in conjunction with a lifestyle program and resulted in 16.9% to 18.2% weight-
loss (using a completers-type analysis), which is superior to phase 3 trial results for other
weight-loss medications, though without head-to-head drug comparison. A phase 2 study

in persons with biopsy-proven NASH using a daily injection equivalent to semaglutide

2.4 g/week demonstrated 13% weight loss and improvement in hepatic fibrosis stage in
43% of participants compared to 1% weight loss and 33% fibrosis score improvement with
placebo.”60

The STEP 2 trial enrolled persons with T2D and ABCD and included 3 randomization
groups, treatment with semaglutide at the dose approved for obesity (2.4 mg/week),
semaglutide at the dose approved for T2D (1.0 mg/week), and placebo (Table 14).742
Placebo-subtracted weight loss was greater in persons taking semaglutide 2.4 mg (6.2%)
compared to semaglutide 1.0 mg (3.6%), and semaglutide 2.4 mg in conjunction with

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 59

lifestyle changes led to 10.6% weight loss in a completers-type analysis. In STEP 2, A1C
lowering was relatively similar in both groups, though persons treated with semaglutide
2.4 mg achieved improvements in cardiometabolic risk factors, including WC, A1C,
spontaneous bacterial peritonitis, lipids, UACR, CRP, and liver parameters.’42

Although efficacy has been documented for weight-loss medications compared to placebo-
subtracted weight loss, it is important to consider there is a wide range of weight loss
reported in studies among these medications. Moreover, the 1-year efficacy can be predicted
based on early response to weight loss.”®1 If certain thresholds for early weight loss are

not met, the FDA prescribing recommendation is to either stop the medication, continue the
medication and intensify lifestyle behaviors for diet and exercise, or switch to a different
medication. Phentermine/topiramate-ER and naltrexone/bupropion-ER have 2- and 4-week
time periods of dose uptitration, respectively, with a weight cut-off to stop the drug if <5%
weight loss occurs at 12 weeks. Liraglutide 3 mg has a 4-week dose uptitration period and
based on clinical trial data, the weight cutoff for stopping the drug is <4% weight loss at

16 weeks. The FDA prescribing information for orlistat and semaglutide 2.4 mg does not
contain weight cutoff rules. Weight-loss medications should be considered and available to
prescribe for any individual unless contraindicated to enhance the likelihood that a drug
will be found effective for successful weight loss. Semaglutide 2.4 mg has the greatest
placebo-subtracted weight loss in clinical trials, with only 14% of persons losing only <5%
body weight.”>7:758 Persons with T2D are reported to have less weight loss in clinical trials
than individuals without T2D, and in persons with T2D treated with semaglutide 2.4 mg, up
to 27% have lost <5% weight.742

Benefits of phentermine/topiramate-ER in persons with T2D include lower A1C and less
need for DM medication compared to placebo, as reported in the OB-202/DM-230 study

in persons with T2D duration of 8 to 9 years, baseline A1C 8.7%, and an average 1.6 DM
medications per person, and as reported in the CONQUER study in a subset of persons with
T2D duration <5 years and baseline A1C 6.8%.740

FDA-approved weight-loss medications should be used with caution and monitored closely
in adults aged =65 years with T2D and ABCD due to a relative lack of data addressing
safety concerns. Additionally, persons aged =65 years with T2D and ABCD who are being
considered for medical or surgical weight-loss therapy should be evaluated for bone loss
(osteopenia/osteoporosis) and sarcopenia.

Despite the clinical benefits realized with weight-loss therapy in persons with T2D, there is
more difficulty achieving and maintaining weight loss than in individuals without T2D.762
It is important to be aware that several medications used to treat DM result in weight
gain.”3.763.764 For achieving glycemic targets in individuals with T2D and ABCD, DM
medications associated with weight loss (eg, GLP-1 RA, SGLT2is), or those associated
with weight neutrality or minimal weight loss (metformin, DPP-4 inhibitors), should be
considered over medications associated with weight gain (eg, insulin, SUs, meglitinides,
thiazolidinediones [TZDs]) when possible, to the extent they are needed to achieve A1C
targets.
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Current DM medications associated with weight loss (eg, SGLT2is and GLP-1 RAs at
doses approved for T2D) often do not usually produce sufficient weight loss for optimal
treatment of ABCD. None of the current DM medications associated with weight loss,
including GLP-1 RAs and SGLT2is, have resulted in more than 5.6% weight loss in
clinical trials, and this includes dulaglutide,”®® exenatide,”®® exenatide-ER,”®7 liraglutide
1.8 mg,”68 lixisenatide, 9 semaglutide 1.0 mg/week,’70.771 semaglutide 1.0 mg/week
added to SGLT2i,”72 oral semaglutide 14 mg,’’3 canagliflozin,’’* dapagliflozin,’”® and
empagliflozin.”’8 These DM drugs do not achieve adequate weight loss for optimal
treatment of ABCD in the majority of persons. In persons with T2D and ABCD,
improvements in A1C, BP, and lipids require >5% weight loss and are progressive up to and
exceeding 15% weight loss,378:679 whereas other common complications of ABCD, such
as OSA and NASH, may require >10% weight loss for clinical benefits.680-685 Health care
professionals who treat persons with T2D with GLP-1 RAs and SGLT2is without further
consideration of other ABCD complications may not be effectively treating that person’s
composite CMD risk.

Metabolic (Bariatric) Surgery and Endoscopic Devices—Bariatric surgery and
endoscopic procedures are important therapeutic options in persons with T2D and
ABCD.”7"-781 |n clinical trials comparing bariatric surgery vs medical treatment in persons
with T2D, bariatric surgery results in greater short-term and long-term lowering of A1C,
including remission of T2D in some persons.’’’~783 Persons with T2D and ABCD who
undergo bariatric surgical procedures must have careful evaluation pre- and peri-operatively
due to anesthesia and surgical risks, and post-operatively because of risks of micronutrient
deficiencies and hypoglycemia, particularly following malabsorptive procedures such as
Roux-en-Y gastric bypass or biliopancreatic diversion.

While recommendations are adopted from the 2019 AACE/TOS/ASMBS bariatric surgery
guideline,®68 several key studies involving persons with T2D warrant mention. The
STAMPEDE (Surgical Therapy and Medications Potentially Eradicate Diabetes Efficiently)
trial showed that metabolic surgery, when compared with intensive medical therapy (lifestyle
counseling, weight management, self-monitoring of glucose, drug therapy), significantly
improved outcomes for weight loss, DM remission, glycemic control, need for DM
medications, lipid and BP medications, and QoL’’7 Five-year outcomes from a 2020

RCT reported that Roux-en-Y gastric bypass and laparoscopic adjustable gastric banding
achieved remission of T2D in 30% and 19% of persons, respectively, compared with 0% of
controls undergoing intensive lifestyle weight intervention.”84 Ten-year data from a single-
center RCT in Italy showed that 37.5% participants randomized to a surgical intervention
maintained DM remission (25% for Roux-en-Y gastric bypass and 50% for biliopancreatic
diversion) compared with 5.5% of participants treated with medical therapy.’82 In the
prospective SOS (Swedish Obese Subjects) cohort study, bariatric surgery produced DM
remission rates of 72% and 30% after 2 and 15 years, respectively, and was associated

with a reduction in micro- and macrovascular DM complications, including risk of CV
death.”79.780 At a median follow-up of 20 years, the HR was 0.77 (P< .001) for death, with
reduced death from CVD and cancer compared with the control cohort in the SOS cohort
study.’® Thus, there are ample data to support bariatric surgery as an effective therapeutic
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approach in persons with T2D, obesity, and uncontrolled DM refractory to lifestyle and
pharmacotherapy.

In addition to carrying over 3 recommendations from the 2019 bariatric surgery
guideline,%68 a new recommendation is added unique to the current guideline regarding
endoscopic and orally ingested devices for weight loss in persons with T2D. The 2019
AACE/TOS/ASMBS bariatric surgery guideline reviewed evidence regarding endoscopic
devices for treating obesity but did not make any recommendations for use due to lack

of an adequate evidence base as of 2019. Various bariatric devices function by: (1)
reducing the stomach’s capacity via space-occupying devices, such as intragastric balloons
or orally ingested hydrogels, (2) inhibiting gastric emptying via a transpyloric shuttle, (3)
evacuation of stomach contents following meals (aspiration therapy), or (4) preventing
nutrient absorption across the duodenal mucosal surface.668 Some endoscopic and orally
delivered devices have been approved by the FDA for treatment of obesity, including
hydrogel capsules,’8® intragastric balloon systems,’87-788 g transpyloric shuttle that blocks
gastric emptying,’8° and gastric aspiration therapy that evacuates partial gastric contents
following meals via a variation of a percutaneous endoscopic gastrostomy tube.”%0

None of these devices have been approved to treat T2D, though some trials included some
persons with T2D. The hydrogel capsules are well tolerated and in the Gelesis Loss of
Weight (GLOW) study produced 2% placebo-subtracted weight loss.”86 However, 59% of
participants treated with these hydrogel capsules achieved non-eplacebo-subtracted weight
loss =5%, and persons with prediabetes or drug-naive T2D were more likely to achieve a
favorable weight-loss response.”86 The intragastric balloon and transpyloric shuttle trials
included some persons with T2D, but numbers were inadequate to assess safety and
efficacy in those with T2D.”87-789 Duodenal mucosal resurfacing involves a catheter-based
hydrothermal ablation of the duodenal mucosa followed by subsequent regeneration of
healthy new mucosa with therapeutic effects lasting up to 1 year. In April 2021, the duodenal
mucosal resurfacing approach was given an FDA Breakthrough Device Designation for
treatment in persons with T2D, which should accelerate its development and review.”9!
Clinical trials have demonstrated A1C lowering of 0.9% to 1.2% over 6 to 12 months
irrespective of weight loss.”92-794 Problems of duodenal stenosis treatable by endoscopic
balloon dilation have been reduced via changes in catheter design. There is potential for
duodenal mucosal resurfacing to be an option for therapy and an adjunct to oral medications
in persons with T2D.

Persons Aged =65 Years with Type 2 Diabetes and Obesity—It is important to
mention T2D and ABCD in persons aged =65 years due to the increasing number of
persons in this category. Because relatively low numbers of elderly individuals have been
included in clinical trials, there is a lack of rigorous efficacy and safety data, particularly
regarding weight-loss medications. Weight-loss therapy should be used cautiously and
monitored frequently in the elderly874.795 with clear health-related goals in mind, including
glycemic control in T2D, prevention of T2D in persons with prediabetes, BP lowering, and
improvements in osteoarthritis, mobility, and physical function, because available evidence
supports weight-loss therapy in these conditions. As reviewed in the 2016 AACE guideline
for care of persons with obesity,674 persons aged =65 years being considered for weight-loss
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therapy or bariatric surgery should be screened for sarcopenia by examining muscle strength
and performing a review of systems assessing functionality. Endurance and resistance
exercise becomes a valuable addition to lifestyle intervention because it preserves lean
muscle mass during weight loss. Elderly individuals should receive adequate calcium and
vitamin D for skeletal health, especially after bariatric surgery”9¢ and should be screened for
bone loss per usual guidelines’®’ because weight loss results in loss of bone mass’®8 and
may increase risk for fracture.”99.800 \Weight-reduction interventions in elderly persons with
ABCD and prediabetes or T2D should consider their nutritional status, eating habits, food
availability, social support systems, risk of hypoglycemia, and cognitive abilities.

Section 3: Management of Prediabetes, T2D, and T1D With Selection
of Glycemic Targets, Lifestyle Interventions, and Antihyperglycemic

Pharmacotherapy (Insulin Therapy for all With T1D and Select Individuals

With T2D); Prevention, Identification, and Treatment of Hypoglycemia,;

Treatment of Hospitalized Persons With DM or Those With Hyperglycemia
Without Diagnosis of DM; and Women With GDM

Question 11: How should prediabetes be managed?

Recommendation 11.1—Prediabetes is a metabolic and vascular disorder, and clinicians
should actively treat people with prediabetes in order to prevent or at least delay progression
to T2D and development of CVVD complications.

Grade A; BEL 1

Recommendation 11.2—In persons with prediabetes and/or metabolic syndrome or
identified to be at high risk of T2D based on validated risk-staging instruments, the
prevention of T2D can be addressed by lifestyle modifications that include a healthy meal
plan, regular physical activity, and behavioral health practices and weight loss in persons
with ABCD. The Mediterranean diet should be considered to reduce progression to T2D
and risk of CVD. Low-fat, vegetarian, and DASH meal patterns can also be considered for
prevention of T2D.

Grade A, BEL 1

Recommendation 11.3—<Clinicians should manage and monitor CVD risk factors in
prediabetes and metabolic syndrome, including elevated BP, dyslipidemia, and excessive
weight, with the same targets as for a person with T2D.

Grade B; BEL 2

Recommendation 11.4—L ifestyle intervention should include aerobic and resistance
physical activity in all persons with prediabetes and/or metabolic syndrome. The initial
aerobic prescription may require a progressive increase in the volume and intensity

of exercise, and the ultimate goal should be =150 minutes/week of moderate exercise
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performed during 3 to 5 sessions per week (Grade A; BEL 1). Resistance exercise should
consist of single-set exercises that use the major muscle groups 2 to 3 times per week
(Grade A; BEL 1). An increase in nonexercise and active leisure activity should be
encouraged to reduce sedentary behavior (Grade B; BEL 2).

Recommendation 11.5—Obesity medications, namely phentermine/topiramate ER,
liraglutide 3 mg, or weekly semaglutide 2.4 mg, in conjunction with lifestyle therapy, should
be considered in persons with prediabetes and/or metabolic syndrome with ABCD, whether
overweight (BMI 27 to 29.9 kg/m?2) or with obesity (BMI =30 kg/m?), when needed to
achieve and sustain 7% to 10% weight loss for prevention of T2D.

Grade A; BEL 1

Recommendation 11.6—Although no medications have been approved for the treatment
of prediabetes, diabetes medications including metformin, acarbose, pioglitazone, or GLP-1
RA can be considered in persons with prediabetes or in persons who also have ABCD

and remain glucose-intolerant following weight loss using lifestyle and/or weight-loss
medications.

Grade A; BEL 1

Evidence Base 11: How should prediabetes be managed?

Prediabetes can be identified by the presence of IFG (FPG value of 100 to 125 mg/dL),

or IGT (OGTT result of 140 to 199 mg/dL 2 hours after ingesting 75 g of glucose), or an
ALC value of 5.7% to 6.4%.° Metabolic syndrome, based on National Cholesterol Education
Program IV Adult Treatment Panel 111 (NCEP ATP IlI) criteria, may be considered a
prediabetes equivalent.801 Both prediabetes and metabolic syndrome confer increased risk of
T2D and CVD.802-804 The risk of progressing from prediabetes to overt T2D are greatest for
those persons with a history of GDM, strong family history of T2D, progressive increments
in glycemia within the prediabetes range, and who meet criteria for a combination of IFG,
IGT, or metabolic syndrome (any 2 out of 3).9.805.806

Goals of therapy in persons with prediabetes and metabolic syndrome
v Prevent progression to T2D
v Prevent progression to NASH
v Improve CVD risk factors via aggressive control of:
« elevated BP
*LDL-C
« dyslipidemia
v Treat obesity or prevent excessive weight gain
v/ Improve functionality and
v QoL

In treating prediabetes and metabolic syndrome, it is important to consider that

these clinical states are integral to a chronic progressive pathophysiological process
termed CMD, which, as the term implies, gives rise to both metabolic and vascular
disease end-stage manifestations.670 At the core of CMD is the insulin-resistant state
characterized by a glucoregulatory defect (ie, normal or elevated glycemia in the face of
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hyperinsulinemia) accompanied by multiple biochemical abnormalities involving molecular
signaling, gene expression, oxidative stress, mitochondrial dysfunction, and accumulation
of inflammatory macrophages in adipose tissue that alters release of adipocytokines

into the circulation.671.807.808 These molecular processes have systemic consequences
producing abnormal glucose tolerance, ectopic lipid accumulation within muscle and liver
cells, systemic inflammation, dyslipidemia, vascular stiffness, elevated BP, and accelerated
atherogenesis. Early in the course of CMD progression, the insulin-resistant state is largely
subclinical. However, over time, disease progression gives rise to clinically identifiable
states, namely prediabetes and metabolic syndrome, which indicate the presence of

CMD and mark individuals at high risk of future T2D, NASH, hypertension, myocardial
dysfunction, CVD events, and CKD. Furthermore, with the development of T2D, there is
further amplification of vascular disease progression and risk of CVD events.670

Obesity plays a key role in CMD because it can exacerbate insulin resistance and impel this
disease progression. AACE®72 and the European Association for the Study of Obesity®73
have advocated for the use of ABCD as a medical diagnostic term for obesity. The disease
is adiposity based because it involves abnormalities in the mass, distribution, and function of
adipose tissue, and is a chronic disease that gives rise to complications, both biomechanical
and cardiometabolic, which confer morbidity and mortality. Therefore, ABCD indicates
what we are treating and why we are treating it and underscores a complications-centric
approach to treatment consistent with the 2016 AACE guideline for care of persons with
obesity.874 Thus, ABCD is clinically meaningful in contradistinction to the BMI-based
diagnosis that provides no indication of the impact on health®7> and avoids multiple
meanings and stigmatization associated with the term obesity.872 In this context, treatment
of ABCD employing weight-loss therapy is highly effective for treating persons with
prediabetes, metabolic syndrome, T2D, and CVD risk factors who also have overweight

or obesity.809

The natural history of CMD has important implications regarding the treatment of
prediabetes and metabolic syndrome. Aggressive preventive interventions are required to
halt progression toward all end-stage manifestations of the disease.8% Thus, comprehensive
risk factor management is required for the treatment and prevention of both metabolic and
vascular outcomes. With this in mind, the goals of treatment in persons with prediabetes
and/or metabolic syndrome are shown in the text box.”®:89% Optimal management of
lipids and BP in prediabetes equates with the recommendations for T2D itself (ie, a

DM equivalent), as described in the 2017 AACE Guidelines for the Management of
Dyslipidemia and Prevention of CVD?286 and 2020 AACE Algorithm for Management of
Dyslipidemia,318 because accelerated atherosclerosis predates the development of overt
hyperglycemia and diagnosis of T2D.810

In all persons with prediabetes and/or metabolic syndrome, whether lean or with ABCD,
dietary and physical activity aspects of lifestyle therapy are cornerstones of risk management
in preventing progression to T2D.811-813 The most robust research available regarding
eating/meal patterns for T2D prevention in prediabetes pertains to Mediterranean-style
diets.698.724-726,814-816 | 3 subgroup analysis of the PREDIMED trial, nondiabetic persons
with metabolic syndrome traits who were randomized to Mediterranean diets enriched with
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olive oil without restrictions on energy intake experienced a significant reduction in the
progression to DM compared with standard dietary advice to avoid fats (HR [0.60; 95%

Cl, 0.43-0.85]).814.815 |n addition, the PREDIMED trial showed that a Mediterranean-style
eating pattern intervention enriched with olive oil or nuts over 4.8 years reduced the
composite primary endpoint of M, stroke, or CV death compared with a low-fat diet

in individuals at risk for CVD with or without DM.”24.725 The Lyon Diet Heart Study
assessed the efficacy of Mediterranean diets for the secondary prevention of CVD events.”26
Persons who had a previous MI were randomized to a Mediterranean diet or a diet typically
consumed in northern European countries, and after 4 years, the Mediterranean diet group
had reduced rates of reinfarction and mortality. Adherence to this eating pattern is associated
with decreased risk for metabolic syndrome, reduced inflammation, hepatic steatosis, and
improved renal function. Mediterranean diets have also been shown to reduce rates of
progression to T2D independent of weight loss, and, therefore, can be recommended in

lean persons with metabolic syndrome or prediabetes.814 An umbrella evaluation of meta-
analyses affirmed that a higher adherence to a Mediterranean eating pattern was associated
with lower incidence of mortality from T2D and CVD.%% Thus, Mediterranean diets are

a highly rational choice as the dietary component of long-term lifestyle therapy in persons
with cardiometabolic risk.

With respect to other meal patterns, there are limited RCT data available that address
prevention of CMD outcomes in persons with prediabetes or metabolic syndrome. The
DASH diet has been shown to reduce BP and is particularly effective in individuals who
were hypertensive at baseline and/or self-identified as African American.817.818 Adherence
to a DASH diet is also associated with a low prevalence of DM.819-821 | ow-fat meal

plans in the context of a comprehensive lifestyle intervention have been shown to promote
weight loss, improve glucose tolerance, and prevent DM in large RCTs enrolling persons
with obesity and IGT.811.822-828 A |arge number of cohort studies and epidemiological data
demonstrate that vegetarian and vegan diets confer metabolic benefits and are associated
with a lower risk of developing T2D.820.829-833 | 3 meta-analysis of 11 cohort studies,’1>
a low-carbohydrate diet was no different than a high-carbohydrate diet regarding incidence
of DM715:834 and could be harmful if fat sources are derived from red meat.83% Given

the limited evidence, it is unclear which meal pattern is optimal. There is a large body of
data indicating that isocaloric substitution of specific macronutrients can improve insulin
sensitivity assessed by clamp studies and CVD risk factors.836 These data would generally
support macronutrient intake as follows: (1) limitations on fat intake, (2) emphasis on poly/
mono-unsaturated fats over saturated fats, (3) no trans fats,83° (4) complex over simple
carbohydrates, (5) whole grains over refined grains34, (6) fruits and vegetables,837 (7)
dietary fiber,83¢ and (8) reduced consumption of processed food.839 Dietary enrichment of
these macronutrients can enhance insulin sensitivity,836 aligning with the Mediterranean
diet and other meal patterns that are epidemiologically associated with reduced prevalence
of T2D,839 and predictably would be beneficial based on the role of insulin resistance

in the pathophysiology of CMD. Indeed, these foods and macronutrients coincide with
favorable scores on the Healthy Eating Index-2010 (HEI-2010), the Alternative HEI-2010
(AHEI-2010), the Alternative Mediterranean Diet Score, and the DASH scores, which are
associated epidemiologically with lower prevalence of DM.723.:840
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There is a plethora of evidence in persons with prediabetes and metabolic syndrome

that regular exercise can lower glycemia, improve CVD risk factors, and prevent or

delay progression to DM, either in the form of an exercise program per se or as part

of a comprehensive lifestyle plan.841-851 As is the case for persons with T2D, studies

have demonstrated beneficial effects of both aerobic and resistance exercise and additive
benefits when both forms of exercise are combined.’27:847-852 The physical activity
program optimally includes aerobic exercise, which should begin at a low level to allow

a person to increase the intensity and duration of the exercise over time. Various guidelines
have recommended that, ideally, a person should achieve at least 150 minutes per week

of moderately intense aerobic exercise accomplished in 3 to 5 sessions.674:852.853 Hjgh-
intensity interval training can be used to achieve comparable metabolic benefits of moderate
aerobic exercise with less of a time commitment.854 A resistance exercise program should be
added and should consist of single-set repetitions targeting the major muscle groups 2 to 3
times per week.874.852.853 Despite these recommendations, less intense exercise and walking
programs can reduce risk of DM.846:855 A final component of a physical activity program is
to reduce sedentary behavior and increase active leisure activity.856-859 The physical activity
prescription should be compatible with individual preferences and take into account any
health-related or physical limitations.674

In persons with ABCD (both overweight or with obesity) and prediabetes and/or metabolic
syndrome, weight loss is a highly effective way to prevent progression to T2D.674 In
addition, weight reduction prevents or treats multiple CVD risk factors and additional
complications of ABCD.874 Whether due to lifestyle therapy, obesity medications, or
bariatric surgery, weight loss has been shown to (1) enhance insulin sensitivity; (2) prevent
or delay progression to T2D particularly in high-risk persons with prediabetes or metabolic
syndrome; (3) improve hepatic steatosis; (4) lower BP; (5) improve dyslipidemia; and (6)
ameliorate biomarkers of CVD risk, including CRP, interleukin 6 and other markers of
inflammation, fibrinogen levels, and serum adiponectin concentrations.874 Thus, weight loss
is perhaps the most effective therapeutic approach for preventing the progression of CMD to
T2D and/or CVD events.

In persons with ABCD, the principles of lifestyle therapy are the same as those that
generally apply in prediabetes and metabolic syndrome except that the meal plan is
presented in a reduced-calorie format to achieve weight loss. Any one of the reviewed meal
plans (Mediterranean, low-fat, low-carbohydrate, vegetarian, vegan, and DASH diets) can be
used as diets that feature a healthy composition of foods and macronutrients that promote
insulin sensitivity836 and are associated with improvements in CMD outcomes as defined by
the HEI723.840 and other epidemiological data. Although any of these healthy eating patterns
can safely be used in the short term for weight reduction and improvements in CVD risk
factors, only the Mediterranean diet has been shownto be cardioprotective in the long term.
To accomplish weight loss, the incorporation of very lowecalorie diets and meal substitutes
into an overall dietary plan has been shownto be effective in achieving greater degrees of
weight loss.689.860

Regarding lifestyle interventions in persons who have ABCD and prediabetes, 3 major
RCTs, the Diabetes Prevention Program, the Finnish Diabetes Study, and the Da Qing
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Study, all demonstrated that lifestyle/behavioral therapy featuring a reduced-calorie diet

(eg, caloric deficits of 500 to 1000 calories/day) and physical activity are highly effective

in preventing T2D.811.822-828 These |ifestyle interventions also improved other aspects of
CMD including improvements in insulin sensitivity and CVD risk factors, such as BP,

lipids, and markers of inflammation. In addition, long-term follow-up of participants in

the Da Qing Study revealed that CVD events and mortality were reduced when comparing
the combined subgroups treated with diet and exercise with the controls.828 The Diabetes
Prevention Program study randomized persons with IGT to ordinary care, metformin, and
lifestyle intervention subgroups, and after 4 years, lifestyle modification reduced progression
to T2D by 58% and metformin by 31%, compared with placebo.81! Participants achieved
approximately 6% mean weight loss at 2 years and 4% weight loss at 4 years in the

lifestyle intervention arm, and there was a progressive 16% reduction in T2D risk with

every kilogram of weight loss.822 With observational follow-up after termination of the
study, there was still a significant reduction in the cumulative incidence of T2D in the
lifestyle treatment group at 10 years, despite the fact that BMI levels had equalized among
the 3 treatment arms.823.824 The Diabetes Prevention Program was a resource-intensive
efficacy trial and was not designed to be directly deliverable in real-world settings. The
translation of the structured lifestyle intervention used in the Diabetes Prevention Program to
community-based programs, commercial programs, and programs using remote technologies
have achieved less weight loss than observed in the Diabetes Prevention Program trial
itself.861-869 Despite limited weight loss, some efforts have produced modest improvements
in metabolic parameters and, when measured, reductions in incidence of DM. A meta-
analysis of 44 Diabetes Prevention Program translation studies reported an average 9.3-
month weight loss of 3.77 kg from participants’ baseline weight and a decrease in fasting
glucose of 2.4 mg/dL.855 Another meta-analysis of 63 real-world DM prevention efforts
demonstrated a weight loss of 2.2 kg in participants and 0.8 kg in controls, but still led to a
reduction in incident DM by 25%.856 Since the degree of DM prevention is proportional to
the degree of weight loss,822 these efforts at translation would predictably be less effective
regarding prevention of DM.

It is important to consider the degree of weight loss that is optimal for DM prevention. In
the Diabetes Prevention Program, maximal prevention of DM over 4 years was observed

at about 7% to 10% weight loss.811:822 This is consistent with the study employing
phentermine/topiramate-ER where weight loss of 10% reduced incident DM by 79% over 2
years, and any further weight loss to =15% did not lead to additional prevention.870 Bariatric
surgery produces greater weight loss than observed following lifestyle and pharmacotherapy
interventions, yet, in 2 studies, there was a maximum of 76% to 80% reduction in DM
rates,871:872 similar to that observed with phentermine/topiramate-ER870 and liraglutide 3
mg873 despite lesser weight loss than achieved following bariatric surgery. These combined
data suggest that 7% to 10% weight loss will reduce the risk of future T2D by ~80%

and represents a threshold above which further weight loss may not result in additional
preventive benefits. For this reason, 7% to 10% weight loss is the appropriate goal in
preventing progression to T2D in persons with ABCD and prediabetes and/or metabolic
syndrome,874.679 whether as a component of a structured lifestyle intervention program or in
conjunction with obesity medications.
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The addition of obesity medications to lifestyle interventions produces more weight loss
than attributable to lifestyle intervention alone and leads to greater reductions in incident
T2D and improvements in CVD risk factors.574 Currently approved obesity medications
are shown in Table 14 and include phentermine for short-term therapy (<3 months) and

5 medications approved for chronic obesity management. Orlistat diminishes intestinal fat
absorption via lipase inhibition, but the remaining medications act centrally to suppress
appetite. When used in combination with lifestyle therapy, orlistat produced greater weight
loss compared with lifestyle changes plus placebo and reduced rates of DM by up to

52% among persons with IGT at baseline.8”4 Naltrexone-ER/bupropion-ER reduced body
weight and A1C in persons with T2D738 but had minimal effects on fasting glucose in
persons without DM;875 a DM prevention study has not been performed for naltrexone-ER/
bupropion-ER. Greater degrees of weight loss in RCTs involving phentermine/topiramate-
ER870 and liraglutide 3 mg®873 were associated with larger reductions in rate of DM and
improvement of CVD risk factors. Phentermine/topiramate-ER in persons with prediabetes
or metabolic syndrome reduced the annualized incidence rates of T2D by 70.5% and 78.7%
among persons receiving the 7.5/46 mg and 15/92 mg daily doses, respectively, over 2
years.870 These reductions were related to the degree of weight loss (10.9% and 12.1%

in the low- and high-dose groups, respectively, vs 2.5% in the placebo group; £ < .0001)
and were accompanied by significant improvements in cardiometabolic parameters.879 High-
dose liraglutide (3 mg/day) in persons with prediabetes reduced weight by 6.1% from
baseline over 160 weeks compared with 1.9% in those randomized to placebo, and the
cumulative progression to DM was reduced by 72.7%.873:876 |n RCT phase 3 trials (STEP
1, 3, 4), semaglutide 2.4 mg once weekly has produced weight loss of 14.9% to 17.4%
from baseline in persons with overweight or obesity compared with 2.4% to 5.7% in
placebo.”7=759 |n the STEP 1 trial, 45% of persons randomized to semaglutide 2.4 mg/
week had prediabetes at baseline and treatment converted many to normoglycemia, reducing
the percent with prediabetes to 8.3% by the end of study with improvements in C\VD

risk factors, compared to 40% and 26% with prediabetes, respectively, on placebo.’”>” In
addition, a greater number of persons progressed to overt T2D on placebo in the STEP

1 trial compared with semaglutide 2.4 mg,”>7 although a study powered to assess DM
prevention has not yet been conducted using semaglutide 2.4 mg. Given these high rates

of DM prevention, persons with prediabetes and/or metabolic syndrome with ABCD (BMI
>27 kg/m?2) should be considered for weight-loss therapy involving obesity medications.

In addition, weight regain is frequently observed after lifestyle interventions accompanied
by worsening of glucose tolerance and CVD risk factors.811:877 Obesity medications used
together with lifestyle changes can be used to sustain a greater degree of weight loss over
time to preserve CMD benefits.674.759

The at-risk pool of persons at risk of T2D is large,878:879 and it is not feasible or

safe to treat all persons aggressively using all the tools of obesity medicine. However,

the risk for developing T2D and CVD varies greatly among persons with ABCD. This
presents opportunities for identifying and targeting persons at higher risk for more
aggressive interventions.290.728,806,880-885 For DM risk, clinicians can use the Framingham
Risk Score,880 the ADA Diabetes Risk Calculator,®881 and Cardiometabolic Disease
Staging.806.882.883 Cardiometabolic Disease Staging is based on the number and severity
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of metabolic syndrome traits and employs two models: (1) a validated categorical approach
indicating that persons who meet criteria for a combination of IFG, IGT, or metabolic
syndrome (any 2 of the 3) are at greatest risk of both T2D and CVD,8% and (2) a logistic
regression equation providing a quantitative 10-year risk assessment, which has superior
accuracy compared with ADA or Framingham risk scores.882 Additional tools for predicting
CVD risk in persons with CMD include the American College of Cardiology (ACC)/AHA
Omnibus Risk Estimator,”28 Framingham Coronary Heart Disease Risk Score,886 and the
Reynolds Risk Score.2%0 Given the rising personal and social cost of DM, clinicians and
health care systems can use these strategies to identify persons at high risk for DM and
employ more aggressive interventions in those persons who will most benefit. For example,
the number-needed-to-treat to prevent one case of T2D using phentermine/topiramate-ER is
markedly reduced among high-risk persons compared with low-risk using Cardiometabolic
Disease Staging.887

There is strong evidence that oral glucose-lowering medications approved for DM reduce
the progression of prediabetes to DM.888-896 Even so, no medications sanctioned for use in
DM or obesity are approved by the FDA solely for the management of prediabetes and/or
the prevention of T2D. The Diabetes Prevention Program randomized persons with IGT to
placebo, a structured lifestyle intervention, or metformin, and assessed progression to T2D
with average follow-up of 2.8 years.811 Metformin was effective as evidenced by a 31%
decrease in progression to DM but was inferior to lifestyle that reduced DM incidence by
58% compared with placebo.811 Metformin was particularly effective in persons with A1C
6.1% to 6.4%, BMI =30 kg/m?, those aged <60 years, and women with prior GDM.897
Metformin can also be combined with linagliptin to decrease DM incidence over that
observed with metformin alone.89 Additionally, acarbose may be associated with reduced
risk of DM891-894 55 well as coronary heart disease as shown in the STOP-NIDDM
trial.892 More recent study did not show coronary benefit with acarbose but did show
decreased progression to T2D.1058 There is also robust RCT evidence demonstrating that
TZDs decrease the likelihood of progression from prediabetes to DM in studies employing
rosiglitazone®98 and ACT-NOW for pioglitazone.895.896

TZDs are the only medications that approach the effectiveness of weight-loss medications,
such as phentermine/topiramate-ER870 and liraglutide 3 mg,873 to prevent DM in persons
with prediabetes and obesity. Therefore, with respect to DM medications, metformin,
acarbose, or TZDs can be used to prevent progression to T2D.7>805 |t js important

for clinicians to consider side effects and CVD benefits in the choice of these DM
medications.64892 A meta-analysis of 10 RCTs encompassing 20,872 participants,
including both weight-loss/lifestyle and pharmacologic interventions, found that lifestyle
approaches were superior to DM drug-based approaches in DM prevention and improved
CVD risk factors.812 Thus, DM drugs should be reserved for the higher-risk populations
who remain glucose intolerant following failed weight-loss interventions involving
structured lifestyle interventions and obesity medications, or in lean persons with CMD.805
The preference for weight-loss therapy in persons with obesity is due to the high efficacy
of weight loss or DM prevention, and this ameliorates the broad range of other obesity
complications.
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Question 12: How can glycemic targets be achieved in persons with T2D?

12.1 Therapeutic Lifestyle Changes

Recommendation 12.1.1: All persons with prediabetes or DM should be prescribed,

instructed, and supported in lifestyle interventions that include a healthy meal plan, regular
physical activity, and healthful behavior practices. Individualized medical nutrition therapy
(MNT) should be provided at the time of diagnosis (with intermittent reeducation as needed
during continued care) via evaluation and counseling by a trained registered dietitian,
certified nutritionist, or a clinician knowledgeable in nutrition.

Grade A, BEL 1

Recommendation 12.1.2: MNT should consider the overall treatment plan including
medications, DM complications, physical activity, body weight goals, and avoidance of
hypoglycemia, as well as personal and cultural preferences, health literacy and numeracy,
psychological factors, readiness for change, SDOH, and support systems. For people on
insulin therapy, insulin dosage adjustments should match carbohydrate intake (eg, with use
of carbohydrate counting).

Grade A; BEL 1

Recommendation 12.1.3: The meal plan should contribute to therapeutic goals for control
of glycemia, BP, lipids, CVD risk factors, and the prevention of DM complications. In
selecting optimal meal patterns, certain Mediterranean diets should be considered which,
over the long term, can protect against CVD events and premature mortality. Although there
is a lack of long-term studies addressing CVD outcomes, multiple other meal plans have
been shown to be safe and can achieve short-term benefits (1-2 years) regarding glycemia,
BP, lipids, and CVD risk factors. These meal plans include low-fat, low-carbohydrate,
very-lowecarbohydrate, vegetarian, vegan, and DASH diets.

Grade A, BEL 1

Recommendation 12.1.4: Given the variety of meal plans demonstrated to be beneficial
in management of DM, nutritional recommendations should consider personal and cultural
dietary preferences. Until there is conclusive evidence comparing the benefits of different
meal patterns and the availability of long-term safety data, health care professionals should
emphasize foods and nutrients that contribute to high “diet quality” scores as assessed

by the HEI; high HEI is associated with reduced risks of DM, CVD, and mortality and
includes fruits, non-starchy vegetables, whole grains, nuts, legumes, and fish, with limited
consumption of added sugars, refined grains, red meat, and processed meats.

Grade B; BEL 1

Recommendation 12.1.5: Lifestyle intervention in persons with DM should include an
individualized prescription for physical activity involving aerobic and resistance exercise
and reduction in sedentary behavior. The initial prescription for aerobic physical activity
may require a progressive increase in the volume and intensity of exercise, and the ultimate
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goal should be =150 min/week of moderate exercise performed during 3 to 5 sessions per
week. (Grade A; BEL 1). Moderate exercise is considered to be activity that achieves

a heart rate that is 50% to 60% higher than one’s basal heart rate. The physical activity
prescription also should include resistance exercise that use the major muscle groups 2 to

3 times per week (Grade A; BEL 1). Individuals should also incorporate flexibility and
range-of-motion training. An increase in nonexercise and/or active leisure activity should be
encouraged to reduce sedentary behavior (Grade A; BEL 1).

Evidence Base 12: How can glycemic targets be achieved in persons with T2D?

Evidence Base 12.1: Therapeutic Lifestyle Changes—MNT encompasses the
delivery of evidence-based nutrition care for persons with DM in a manner that supports
healthy eating behaviors, optimizing glycemic control, achieving and sustaining body weight
goals, and reducing the risks of DM complications.899-901 MNT has several essential
components including assessment, nutrition diagnosis, interventions (eg, education and
counseling), and monitoring with the provision of long-term follow-up, adjusting meal
patterns as needed to accommaodate changes in medications and the clinical course of

the disease.899.901 A registered dietitian nutritionist (RDN) is the ideal member of the
health care team to provide MNT based on training and expertise,879.899.901-905 anq MNT
constitutes the regulatory definition of nutrition counseling for DM by an RDN in the
United States.200.901 |n T1D, T2D, and GDM, key objectives are to provide consistency in
day-to-day carbohydrate intake, adjusting insulin doses to match carbohydrate intake (eg,
use of carbohydrate counting), limitations in consumption of sucrose-containing or high-
glycemic index foods, adequate protein intake, healthy meal patterns, weight management,
regular physical activity, and adequate glucose monitoring.6’® MNT is individualized

to accommodate differences in nutritional needs, medications and A1C goals, personal
and cultural preferences, access to healthful foods and other SDOH, health literacy and
numeracy, readiness for change and other psychological factors, family and community
support systems, and existing barriers to change.679:906-908

Data support the effectiveness of MNT delivered by RDNs for improving A1C, with
absolute decreases of 0.3% to 2.0% in T2D and of 1.0% to 1.9% in T1D at 3 to 6 months.9%01
Ongoing MNT support is helpful in maintaining glycemic improvements®79.901,902,909-912
accompanied by cost savings in a person’s care.%13-915 MNT is a covered Medicare benefit
and should also be adequately reimbursed by insurance and health care systems or bundled
in value-based care models.

T2D is an end-stage development of CMD, and, in this context, persons with T2D are also
at risk of other sequelae of CMD including hypertension, dyslipidemia, NAFLD/NASH,
CVD (coronary artery disease, stroke, nontraumatic amputation), CHF (both HFrEF and
HFpEF), and CKD.670 Therefore, the clinician should assess persons with T2D for the

risk, presence, and severity of these disease manifestations and engage in comprehensive
and aggressive prevention and treatment strategies. Furthermore, obesity can exacerbate
insulin resistance and accelerate progression of CMD toward these end-stage developments,
and weight loss is an effective intervention in preventing and treating T2D, as well as
hypertension, dyslipidemia, NAFLD/NASH, CVD risk factors, and CKD.874 The role of
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obesity to worsen CMD is mediated by abnormalities in the mass, function, and distribution
of adipose tissue (adiposity-based) causing progression to chronic end-stage complications
(chronic disease).%01 For this reason, we will use the term ABCD, as recommended by
AACES72 and the EASO,573 as the medical diagnostic term for obesity to indicate what is
being treated and why it is being treated.

Lifestyle therapy is a foundational aspect of treatment in persons with DM who also may
have or are at risk of other CMD outcomes. All persons with DM should be instructed
and supported in lifestyle interventions centered around MNT.679.899-901 The components
of therapeutic lifestyle changes include healthful eating, regular physical activity, weight
management in persons who have ABCD, sufficient sleep, avoidance of tobacco products,
limited alcohol consumption, and stress reduction.

Successful lifestyle interventions also feature a package of behavioral interventions that
are designed to promote adherence with the meal plan and physical activity prescriptions.
Clinical trials have demonstrated the efficacy of lifestyle programs that include behavioral
interventions and have underscored particular practices that are most likely to be associated
with success.890:811 For example, persons who self-monitor and record weight, food
intake, or physical activity are more likely to achieve weight management goals. Patient
education is also advantageous and can be delivered face-to-face, in group meetings, or
using remote technologies (telephone, texting, and Internet). The program should also be
able to provide for clear and reasonable goal setting, strategies for stimulus control, and
systematic approaches for problem-solving and stress reduction. Other components can
include cognitive restructuring (ie, cognitive behavioral therapy), motivational interviewing,
behavioral contracting, and mobilization of social support structures. DM can often be
associated with depression, disordered eating (eg, binge-eating disorder), anxiety, and
other psychiatric disorders, which can impair the effectiveness of lifestyle interventions.
For this reason, psychological counseling and psychiatric care may be necessary. The
behavior intervention package is effectively accomplished by a multidisciplinary team

that can include combinations of dietitians, nurses, health educators, physical activity
trainers or coaches, and clinical psychologists. As with the meal plan and physical activity
components, behavioral lifestyle intervention should be tailored to a person’s ethnic,
cultural, socioeconomic, and educational background.

Meal plans for persons with DM should be designed to assure adequate intake of all
nutrients, optimize glycemic control, achieve and sustain body weight goals, reduce the risks
of DM complications, and improve CVD risk factors.679:899-901 There should be consistency
in day-to-day carbohydrate intake for persons on fixed medical regimens, or adjustments

of insulin doses to meals that vary in carbohydrate content (eg, use of carbohydrate
counting). The timing of meals and distribution of ingested calories through the day should
be individualized with reference to medical therapy and physical activity and to avoid
hypoglycemia. A physician and/or an RDN should discuss meal plan recommendations in
plain language with persons at the initial visit after DM diagnosis and then periodically
during follow-up outpatient visits679:899-901 and should include information on specific
foods and meal planning, grocery shopping, and dining-out strategies. MNT and diabetes
self-management education and support (DSMES) should assure an understanding of
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differences between protein, fat (saturated and unsaturated), and carbohydrates (sugars,
starch, and fiber), and their effects on health and glucose excursions following meals.916-918
Persons with DM should also understand nutrition facts label information.?16 MNT can
address the metabolic needs of persons in more detailed discussions in terms of calories,
grams, and other metrics, but should be individualized to accommodate differences in health
literacy and numeracy, personal and cultural preferences, access to healthful foods, support
systems, and other SDOH.

To achieve dietary goals in DM, studies have demonstrated that there is

no ideal mix of macronutrients that can be broadly prescribed, and that

current evidence has not established an ideal percentage of calories from

carbohydrate, protein, and fat.879.901.919 Regarding whole foods, multiple meal

patterns have been shown to be advantageous for the management of DM,

which promote reductions in glycemia, BP, and CVD risk factors.679.901,920-924

These include the Mediterranean-style,894.695.697-700,724-726,814,815,821,925,926 |y
fat,678,690,701-704,811,827,927.928 | o\y-carbohydrate, 704707-714.926,929,930 yiegetarian and
vegan,’16-720,831,833,931,932 g DASH’21-723 djets, as shown in Table 15. Thus, while
current evidence has identified meal patterns that are clinically advantageous in DM, studies
addressing the comparative benefits have not identified a superior mealpattern for control

of glycemiathat can be universally applied to all persons with DM. However, the long-term
safety data demonstrating protection against CVD events, CVD mortality, and all-cause
mortality is only available for Mediterranean-style diets.”24:726 Thus, all meal plans in Table
15 can be used safely in the short term (1-2 years) to facilitate glucose control, lower BP,
and improve lipids; however, long-term maintenance on a Mediterranean-style diet should be
considered. In any event, meal plans and macronutrient distribution should be based on an
individualized assessment of current eating patterns, personal preferences including health
beliefs, economics and food access, cultural preferences (eg, tradition, culture, religion), as
well as metabolic and clinical goals.679.899-901 |n an RCT comparing the Atkins, Ornish,
Weight Watchers, and Zone diets, weight change did not differ between diets, and adherence
to the diet was the single most important criterion of successful weight loss.933 The key to
adherence, then, is to individualize the dietary recommendation consistent with personal and
cultural preferences, lifestyle, and behaviors.

Mediterranean.: In addition to the prevention of DM,814.815821 RCTs and cohort studies
that included persons with T2D have demonstrated that Mediterranean-style diets lower
A1C, body weight, and improve CVD risk factors.694.695,697-700,724-726,821,925,926 |
addition, RCTs have demonstrated primary’24 and secondary26 protection against CVD
events, CVD mortality, and all-cause mortality in study populations comprised of ~50% with
DM."24 |n particular, the PREDIMED trial showed that a Mediterranean-style eating pattern
intervention enriched with olive oil or nuts over 4.8 years reduced the composite primary
end point of Ml, stroke, or CV death compared with a low-fat diet in individuals at risk for
CVD with or without DM."?4

Low Fat.: Structured lifestyle interventions that include reduced-calorie low-fat diets
in persons with overweight or obesity have been shown to prevent progression from
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prediabetes to DM,890.811.827 and to lower A1C, BP, and triglycerides in persons with
T2D.678.690,702-704,927,928 | hoth prediabetes and T2D, most of these benefits are
attributable to weight loss. Although diets that emphasize low glycemic index foods may not
affect A1C compared with high glycemic index foods,”01:901 the quantity of carbohydrate
and anticipated glycemic response should be taken into account in adjusting rapid-acting
insulin doses for any given meal .679.899-901

Low Carbohydrate.: Low-carbohydrate diets that reduce carbohydrates to 26% to 46% of
daily calories and very lowecarbohydrate diets that restrict carbohydrates to 20 to 50 grams
per day sufficient to induce ketosis are both safe for persons with T2D.707-714.929.930 geyera|
systematic reviews agree that reduced-carbohydrate diets can produce greater reductions in
A1C and body weight compared with low-fat diets in the short term (~3 to 6 months);
however, benefits equilibrate at 1 to 2 years when persons on both diets achieve similar A1C,
BP, and lipid levels.”94.707-709 Eyen so, persons on low-carbohydrate diets may chronically
experience the need for reductions in doses of DM medications.”11.712

Vegetarian/Vegan.: Vegetarian and vegan diets are associated with lower risk of DM, and,
in persons with DM, these diets have been shown to lower glycemia and improve CVD risk
factors.831,833,931,716-720,833,932 | q\y-fat vegetarian or vegan diets may be associated with
additional improvements in metabolic parameters.?18.932

DASH.: The DASH can also be used safely in persons with DM and can produce
improvements in glycemia, BP, and lipids.’21-723

Until there is more conclusive evidence regarding comparative benefits of different eating
patterns in individuals, health care professionals should at least emphasize foods or nutrients
that are common among these meal patterns demonstrated to be beneficial in persons with
DM. These foods and macronutrients include: (1) limiting consumption of added sugars and
refined grains, (2) emphasizing nonstarchy vegetables,837 (3) intake of whole foods over
highly processed foods, (4) increased fiber consumption,838:934 and (5) avoidance of trans
fats83® and excess saturated fats with emphasis on mono- or polyunsaturated fats,679:839

The meal plans in Table 15 share an emphasis on these foods and macronutrients. In
addition, in isocaloric substitution experiments, these macronutrients have been shown to
increase insulin sensitivity in studies employing glucose clamps.836 Furthermore, a systemic
review and meta-analysis assessed the association between diet quality as measured by the
HEI, AHEI, and DASH score and multiple health outcomes.”23 In general, these diets also
emphasize fruits, vegetables, whole grains, nuts, legumes, and fish, moderate dairy (<1000
grams/day), and limits on red meats and processed meats.?2! The meta-analysis found

that diets scoring highly on the HEI, AHEI, and DASH were associated with significant
reductions in the risk of all-cause mortality, CVD, cancer, T2D, and neurodegenerative
disease by 22%, 22%, 16%, 18%, and 15%, respectively.”23 Thus, health care professionals
should provide individualized meal plans in which the foods and macronutrients described
above are emphasized, consistent with the meal patterns in Table 15.

In the absence of underlying insufficiency, routine supplementation of vitamins and
minerals is not necessary; a healthful eating meal plan can generally provide sufficient
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micronutrients.679:935 Specifically, chromium; vanadium; magnesium; vitamins A, C, and E;
CoQ10; and herbal supplements including cinnamon, curcumin, or aloe vera for improving
glycemia in persons with DM are not supported by evidence, or the data are conflicting, and,
therefore, are not recommended.679.935

Metformin administration can cause vitamin B12 deficiency, perhaps due to impaired
absorption.236 Clinicians should be wary of vitamin B12 deficiency, particularly in persons
on metformin who develop peripheral neuropathy or anemia.?3’ Supplementation doses of
1000 mg orally per day can be effective.938

Lifestyle Therapy: Physical Activity—Increased physical activity is an important
component of lifestyle therapy.674.727 Regular physical activity improves glucose control

in persons with DM, 939943 even in the absence of weight loss.%44-946 |n addition to
improving BG control, exercise has been shown to reduce CV risk factors, contribute to
weight loss, and improve sense of well-being.43:946-948 Moderate to high volumes of
aerobic activity are associated with substantially lower CV and overall mortality risks in
both T1D and T2D.%48:949 Stryctured exercise improves insulin sensitivity, cardiorespiratory
fitness, 999951 muscle strength, and mobility.”3! Physical activity is also an important
component in weight loss and weight-loss maintenance. Individuals must be evaluated
initially for contraindications and/or limitations to physical activity, and the physical activity
prescription should be compatible with any health-related or physical limitations and
consider patient preferences.

Studies have reported beneficial effects of both aerobic and resistance exercise, and additive
benefits when both forms of exercise are combined on a regular basis.853:945.947,952-954

For cardiometabolic conditioning, the guidelines proposed by the ACC/AHA, 728:852
AACE,286.674 ADA 199679 Eyropean Society of Cardiology/European Association for the
Study of Diabetes,*31 and the American College of Sports Medicine’27:853 are well aligned.
The recommendations include 30 minutes of moderate intensity exercise 5 days per week
for a total of 150 minutes/week, or 20 to 25 minutes of intense exercise 3 days per week

for a total of 60 to 75 minutes/week, combined with resistance training involving each
major muscle group 2 to 3 days per week.9%5 Persons with T2D and ABCD can also
benefit from high-intensity interval training involving shorter durations of time engaged

in exercise.854.956 Regular exercise not allowing more than 2-3 days to elapse between
exercise sessions is recommended to maintain improvements in insulin sensitivity.%6
Persons with DM tend to have lower VO, max measurements, and the exercise prescription
should initiate activities at a lower level as tolerated followed by a slow progression in the
intensity, frequency, and duration of exercise.

The recommended targets for physical activity cannot always be achieved and individuals
should be encouraged to engage in physical activity even if suboptimal. For example,
studies have consistently shown that a walking program is associated with reductions in DM
incidence,8° and low-intensity exercise can improve glycemic control in T2D.939.940

People with and without DM should be encouraged to reduce the amount of time spent
being sedentary (eg, working at a computer, watching television) with durations of sedentary
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periods lasting less than 90 minutes and interrupted by >30-minute periods of activity

such as standing, walking, or performing other light physical activities.”28:855.957-965
Participating in leisure-time activity and avoiding extended sedentary periods may help
prevent T2D for those at risk959960 and may also aid in glycemic control for those with
DM.961-964 persons with DM should be recommended to engage in flexibility and range of
motion training, which can have significant impacts on A1C, flexibility, muscle strength, and
balance, especially in older adults with DM, 943,962-964,947

As individuals intensify their exercise program, medical monitoring may be indicated to
ensure safety and evaluate the effects on glycemic management. Health care professionals
and persons with DM should together establish a physical activity prescription with the goal
of long-term adherence. Specific recommendations and precautions will vary by the type of
diabetes, age, type of activity, and presence of DM-related health complications. Clinicians
should assess individuals for disabilities and other conditions that might preclude certain
types of exercise or predispose to injury, such as advanced age, limited exercise tolerance,
uncontrolled hypertension, claudication, untreated proliferative retinopathy, autonomic
neuropathy, diabetic foot disease, and Charcot foot. Recommendations should be tailored

to meet the specific needs and capabilities of each individual %7 and an incremental exercise
prescription should be developed for each person according to both goals and limitations.
Although routine testing for coronary artery disease may not be necessary,*! health care
professionals should perform a careful history, assess CV risk factors, and be aware of the
atypical or silent ischemia. Screening for coronary artery disease should be performed in
persons at risk.

12.2 Antihyperglycemic Pharmacotherapy for Persons with Type 2 Diabetes

Recommendation 12.2.1: Individualized pharmacotherapy for persons with T2D should
be prescribed based on evidence for benefit that includes glucose lowering, avoidance of
hypoglycemia and weight gain, and reduction of cardio-renal risk.

Grade A; BEL 1

Recommendation 12.2.2: Persons with T2D and their health care professionals should use
patient-centered shared decision-making to agree on therapy targets and treatments as well
as a regimen for glucose monitoring (ie, BGM, structured BGM, or CGM).

Grade B; BEL 2

Recommendation 12.2.3: Glycemic targets include A1C, BGM, and, for those using CGM,
achievement of CGM targets such as TIR, percentage in low and very low range, time
above range, and glycemic variability (Table 6). Nonglycemic targets include avoidance of
hypoglycemia, control of BP, lipids, other CVD risk factors, and achieving and maintaining
a healthy body weight.

Grade B; BEL 4
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Recommendation 12.2.4: Independent of glycemic control, targets, or treatment, if there is
established or high risk for ASCVD, HF, and/or CKD, clinicians should prescribe a GLP-1
RA or an SGLT2i with proven efficacy for the specific condition(s) of the person with T2D
being treated (see also R 6.1 to R 6.6 on DKD or CKD inDM and R 9.1to R 9.4 on
ASCVD and HF).

Grade A; BEL 1

Recommendation 12.2.5: DM therapy should be individualized based on level of glycemia
and the presence of comorbidities, complications, and access. Metformin is often the
preferred initial therapy. Other agents may be appropriate as first line or in addition to
metformin to reduce BG and/or to address specific comorbidities (such as ASCVD, HF,
CKD, obesity, NAFLD), independent of glucose-lowering effects.

Grade A; BEL 1

Recommendation 12.2.6: For some recently diagnosed individuals with T2D and more
severe hyperglycemia (A1C =27.5%), unlikely to attain the A1C target with a single agent,
early combination pharmacotherapy should be considered, usually to include metformin plus
another agent that does not cause hypoglycemia, especially a GLP-1 RA, SGLT2i, or DPP-4
inhibitor.

Grade A; BEL 1

Recommendation 12.2.7: For newly diagnosed persons with T2D and an entry A1C >9.0%
and/or 21.5% above target, one should initiate, along with lifestyle modifications, dual-

or possibly triple-combination pharmacotherapy usually including metformin. Basal insulin
along with noninsulin therapy is recommended if there are significant signs or symptoms of
hyperglycemia, especially including catabolism (eg, weight loss) or a very high A1C >10%
(86 mmol/mol) or BG levels (=300 mg/dL [16.7 mmol/L]).

Grade A; BEL 1

Recommendation 12.2.8: Clinicians should discuss with persons with T2D the likelihood
that most persons with T2D ultimately require a combination of multiple complementary
antihyperglycemic agents, in addition to lifestyle interventions, to attain and maintain
optimal glycemic control.

Grade B; BEL 2

Recommendation 12.2.9: The diabetes care team should assess medication adherence and
safety and glycemic control in persons with T2D quarterly or more frequently as needed.
Subsequent visits will depend upon the metabolic targets achieved and the stability of
metabolic control.

Grade D; BEL 4
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Recommendation 12.2.10: Persons with T2D who start on metformin should continue it
unless intolerance or contraindications occur. When intensification of antihyperglycemic
treatment is needed, other agents should be added to metformin.

Grade B; BEL 2

Recommendation 12.2.11: Most persons with T2D who require intensification of
antihyperglycemic therapy with a GLP-1 RA or insulin should initially be prescribed a
GLP-1 RA. If further intensification is required, one should prescribe a basal insulin or a
switch to a fixed-ratio combination of a basal insulin and a GLP-1 RA (insulin glargine
U100 + lixisenatide [GlarLixi] or insulin degludec + liraglutide [IdegL.ira]).

Grade A; BEL 1

Recommendation 12.2.12: Insulin should be prescribed for persons with T2D when non-
insulin antihyperglycemic therapy fails to achieve target glycemic control or when a person
has symptomatic hyperglycemia.

Grade A; BEL 1

Recommendation 12.2.13: Long-acting basal insulin analogs are the recommended initial
choice of insulin therapy for persons with T2D. The insulin analogs glargine (U100

or U300), degludec (U100 or U200), or detemir are preferred over intermediate-acting
Neutral Protamine Hagedorn (NPH) insulin because analog insulins have demonstrated less
hypoglycemia in some studies. Glargine U300 and degludec can be associated with less
hypoglycemia than glargine U100 or detemir.

Grade A; BEL 1

Recommendation 12.2.14: Many persons with T2D receiving basal insulin and not at goal
A1C can have significantly improved glycemia by the addition of a GLP-1 RA or being
switched to a fixed-ratio combination basal insulineGLP-1 RA (GlarLixi or IdegLira). One
of these changes should be considered before adding a meal-time insulin for postprandial
glycemic control.

Grade A; BEL 1

Recommendation 12.2.15: When control of postprandial hyperglycemia is needed and

a basal insulin and a GLP-1 RA are already being used, preference should be given to
rapid-acting insulins (the analogs lispro, aspart, and glulisine or the rapid-acting inhaled
human insulin powder) over regular human insulin (see Table 18). The former have a more
consistent and a more rapid onset and offset of action with less risk of hypoglycemia.

Grade A; BEL 1

Recommendation 12.2.16: Ultra-rapid-acting insulins (faster-acting insulin aspart, lispro
aabc, and [human insulin] inhalation powder) may allow a decrease in the time between
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insulin administration and food intake and reduce the postprandial peak of PG as compared
with rapid-acting insulins. The significance of this on long-term complications is unknown.

Grade A; BEL 1

Recommendation 12.2.17: Basal-bolus insulin regimens or CSII (ie, insulin pump) allow
for adjustment of insulin doses according to carbohydrate intake and activity levels and are
recommended for intensive insulin therapy in persons with T2D.

Grade B; BEL 1

Recommendation 12.2.18: Premixed insulin formulations (fixed combinations of shorter-
and longer-acting components) of human or analog insulin may be considered for persons
with T2D who have consistent dietary and exercise patterns and in whom adherence to

more intensive insulin regimens is problematic. However, these preparations have reduced
dosage flexibility and may increase the risk of hypoglycemia compared with basal insulin or
basal-bolus regimens.

Grade A; BEL 1

Recommendation 12.2.19: In persons with T2D who are treated with basal-bolus insulin
therapy, adding a GLP-1 RA, or switching to a fixed-ratio combination of a GLP-1 RA and
a basal insulin, or adding an SGLT2i or pramlintide (less commonly used) may be able to
reduce postprandial hyperglycemia, A1C, and weight. GLP-1 RAs may also allow reduction
or discontinuation of bolus insulin in some individuals.

Grade A; BEL 1

Evidence Base 12: How can glycemic targets be achieved in persons with T2D?

Evidence Base 12.2: Antihyperglycemic Pharmacotherapy—The goal of
antihyperglycemic treatment in persons with T2D is to achieve clinical and laboratory
targets (eg, glycemic, BMI, BP, plasma lipids, eGFR) with as few adverse consequences

as possible and reduce the risk of DM-related complications. As shown in Table 16,
antihyperglycemic agents vary in their impact on A1C, FPG, PPG, insulin secretion,
insulin sensitivity, weight, BP as well as the potential for hypoglycemia and other adverse
effects. There are also differences in demonstrated evidence for CV and renal benefits
among individual antihyperglycemic agents even within the same class. The choice of
specific antihyperglycemic agents for those with T2D should be personalized and guided
by each individual's medical needs, shared decision-making with their clinicians, treatment
goals, weight, comorbidities, presence of or estimated risk for chronic complications, A1C,
glycemic profile obtained by either BGM or CGM, and history of or risk for hypoglycemia
or increased risk for adverse consequences from hypoglycemia.966-968 These patient
characteristics can be matched with an agent’s antihyperglycemic efficacy, tolerability, side-
effect profile, ease of administration, convenience, cost-effectiveness, and extraglycemic
effects.?66-970 Minimizing the risks of hypoglycemia and weight gain and maximizing
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CV and renal benefits should be priorities. Affordability of and access to the prescribed
medications also need to be considered.

As monotherapy, most noninsulin antihyperglycemic agents reduce A1C by 0.5% to 2.0%.
Larger decrements are seen in persons with more marked A1C elevations, likely explaining
the apparent greater efficacy of some older agents in their clinical trials vs newer ones.”
Several GLP-1 RAs lower glucose more than other noninsulin antihyperglycemic agents.971
The various classes of glucose-lowering agents differ widely in nonantihyperglycemic
respects (Table 16).

Detailed descriptions of available antihyperglycemic agents, their mechanisms of action,
glycemic efficacy, extraglycemic effects, and rationale for use in different clinical situations
can be found in the AACE Comprehensive T2D Management Algorithm’3 and Table 16 as
well as the 2022 ADA Standards of Care chapter on pharmacologic approaches to glycemic
treatment®72 and the 2018 ADA/EASD consensus report®67 and its 2020 update.973:974 |n
addition to lowering glucose, a priority in DM management is to avoid or minimize the risks
for hypoglycemia. Choosing agents that are associated with weight loss or minimal weight
gain is also desirable. AACE preferentially recommends agents that can achieve these goals.

Metformin is often the preferred initial therapy for most persons with new-onset T2D. Once
initiated, metformin should be continued as long as it is tolerated and not contraindicated.
Metformin carries a low risk of hypoglycemia, is weight neutral, produces durable
antihyperglycemic effects, and some studies suggest CV benefit. It is equally efficacious
across all weight categories (normal, overweight, and obese) in T2D.97> However, it should
not be used in persons with advanced renal impairment in which situation it can pose a

risk of lactic acidosis.407:976-978 Metformin should not be used in persons with eGFR <30
mL/min/1.73 m2, and it should not be initiated in persons with an eGFR <45 mL/min/1.73
m?2.73.979 However, once started, it can continue to be used in persons with stable eGFR >30
mL/min/1.73 m2 although reduction in total daily dose (TDD) is prudent in persons with
eGFR between 30 and 45 mL/min/1.73 mZ2.

Metformin is sometimes associated with anorexia and weight loss and may cause Gl adverse
effects (eg, nausea, vomiting, dyspepsia, or diarrhea). Longer-term use of metformin may
be associated with the development of vitamin By, deficiency,98 and By, levels should

be monitored periodically. When metformin is contraindicated or not tolerated, acceptable
alternatives include GLP-1 RAs, SGLT2is, DPP-4 inhibitors, and alpha-glucosidase
inhibitors. TZDs, SUs, and glinides may also be used, although caution should be exercised
owing to the potential for weight gain, hypoglycemia (not with TZDs), or other risks.
Metformin can be used in combination with virtually all other antihyperglycemic agents,
including insulin, in persons who do not reach their glycemic target on monotherapy. There
are single pill combinations with many other oral antihyperglycemic agents including SUs,
DPP-4 inhibitors, SGLT2is, TZDs and glinides.

SUs increase insulin secretion in a glucose level-independent fashion. Appropriate
candidates for treatment with SUs are persons with T2D whose duration of DM is
<5 years and who do not have end-organ complications (eg, CKD), for whom cost of
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antihyperglycemic agents is a major concern, and those who are willing to follow a healthy
diet and exercise plan and perform BGM or CGM to reduce the likelihood or identify

the occurrence of hypoglycemia.%81 The use of pharmacoeconomic analyses of medication
utilization should help inform prescribers and health systems of the cost-effectiveness

of a particular medication. For unknown reasons, not all persons with T2D respond to

SUs (primary failure), and antihyperglycemic effectiveness declines after several years of
treatment in many persons (secondary failure).982.983 SU therapy may be associated with
weight gain, but the main SU adverse event of concern is hypoglycemia, which can be more
prolonged than that produced by insulin, particularly when longer-acting formulations (eg,
glyburide) are used in older adults.?84 Decreased kidney function also increases the risk of
SU-associated hypoglycemia. Glinides’ mode of action and other properties are very similar
to those of SUs, but the efficacy is less, and hypoglycemia potential is also less than with
SUs, 985

TZDs improve insulin sensitivity and can preserve or improve b cell secretory function

in persons with T2D. In addition to their glycemic effects, these agents also improve a

wide range of CV risk markers®6.987 and may help prevent central nervous system insulin
resistanceerelated cognitive dysfunction.?88 Clinical studies and meta-analyses of RCTs
reported that treatment with pioglitazone results in a statistically significant reduction in the
composite outcome of nonfatal acute MI, stroke, and all-cause mortality (MACE).663.989,990
TZDs have been shown to have benefit in some persons with NASH686.991.992: however,
TZDs lead to weight gain comparable to that with SU and insulin therapy.93 TZDs may
also cause fluid retention (particularly in persons with cardiac or renal disease), which may
contribute to TZD-associated weight gain and peripheral edema. The risk for both might be
decreased by using lower doses of pioglitazone and avoiding the highest dose and/or perhaps
use in combination with an SGLT2i and/or a GLP-1 RA.294 TZDs are not recommended in
persons with symptomatic HF and are contraindicated in persons with New York Heart
Association (NYHA) class I11 or class IV CHF. TZDs can also reduce bone mineral

density and are associated with increased risk for bone fractures, especially in women,

with the majority of fractures in the distal upper limb or distal lower limbs.995:996 The TZD
rosiglitazone has been withdrawn from use in Europe and was severely restricted in the
United States because of concerns over a possible increase in CVD risk.?97 However, the
FDA later lifted this restriction because additional data, including one large RCT, showed

it was not associated with an increased risk.298:999 According to the FDA, pioglitazone, but
not rosiglitazone, may be associated with increased rates of bladder cancer, although there is
not enough evidence to support a clear association.1000:1001 A cymulative exposure analysis
involving data from 1.01 million persons from multiple countries over 5.9 million person-
years found no association between exposure to pioglitazone and bladder cancers.1002

GLP-1 RAs and DPP-4 inhibitors increase insulin and decrease glucagon secretion in
a glycemic level-dependent manner. In addition to glucose lowering, the GLP-1 RAs
may slow gastric emptying, promote early satiety, reduce food intake, and frequently
are associated with weight loss. GLP-1 RAs are also associated with a decrease in BP

accompanied by a small increase in pulse rate. There also can be improvements in lipid
|eve|s_1003,1004
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Currently approved GLP-1 RAs include dulaglutide, exenatide, exenatide-ER, liraglutide,
lixisenatide, and semaglutide, which are administered by injection on a twice daily, daily,
or once weekly basis. There is also a form of semaglutide that is orally administered.
These agents are often used as add-on therapies for persons with inadequately controlled
DM despite oral therapy.242:642,1005-1020 gevsera| clinical trials have compared the effects
of adding a GLP-1 RA to insulin (glargine insulin or premixed insulin) in persons with
inadequately controlled T2D on oral agents.1021-1030 AJ| of the studies show equivalent or
slightly better A1C lowering by GLP-1 RA with the advantages of a 2- to 3-kg weight
loss and little or no additional hypoglycemia. Additionally, liraglutide, semaglutide, and
dulaglutide have demonstrated reduction in MACE in CVOTs.242:642.1031 A 3 result,
guidelines recommend use of GLP-1 RAs before initiation of insulin for most individuals
with T2D (see Evidence Base 9: How should antihyperglycemic agents be prioritized in
persons with T2D at high risk for or with established CVD?).

The most frequently experienced adverse effects with GLP-1 RAs are nausea, vomiting, and
diarrhea, which may lead to discontinuation of the GLP-1 RA in 5% to 10% of persons, but
usually these adverse symptoms diminish over time.1032

Although medullary thyroid carcinoma has not been shown to be caused by GLP-1 RAs in
humans, all GLP-1 RAs except twice-daily exenatide and lixisenatide are contraindicated in
persons with a personal or family history of medullary thyroid carcinoma and in persons
with multiple endocrine neoplasia syndrome type 2. The FDA has stated that persons taking
a GLP-1 RA do not need to be monitored for medullary thyroid carcinoma (eg, with
calcitonin levels)1933 (also see discussion of pharmacologic therapies for DM and cancer
risk or prognosis under Q27. How should potential increased cancer risk be managed in
persons with obesity/T2D?).

Pancreatitis appears to be a rare association with use of GLP-1 RAs and DPP-4
inhibitors.1034.1035 prescribing information for GLP-1 RAs and DPP-4 inhibitors generally
states that these agents have not been studied in persons with a history of pancreatitis.
Consider other antihyperglycemic therapies in persons with a history of pancreatitis.

Tirzepatide is a dual glucose-dependent insulinotropic peptide and GLP-1 RA recently
approved by the FDA for improvement of glycemic control in persons with T2D. Individual
trials have assessed the clinical profile of tirzepatide vs different comparators. A systematic
analysis of seven completed trials with a total of 6609 participants1936 confirmed a dose-
dependent (5, 10, or 15 mg weekly subcutaneous administration) superiority on glycemic
efficacy, and reduction in body weight was evident with tirzepatide vs placebo, GLP-1 RAs,
and basal insulin. Tirzepatide was associated with increased incidence of Gl adverse events
but no increase in risk of hypoglycemia. Tirzepatide appears to be useful for those already
on metformin therapy. Based on some early promising data and ongoing trials, including a
CVOT, clinical indications for weight loss and/or CV risk reduction may be sought.1037

DPP-4 inhibitors do not cause weight gain; linagliptin can be administered in persons with
CKD at full dosage since it is not cleared by the kidneys. Sitagliptin, saxagliptin and
alogliptin are renally cleared and require appropriate dose adjustment in the presence of
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decreased eGFR. DPP-4 inhibitors do not have significant Gl adverse effects and may be
used in early combination with metformin.1938-1043 C\/OTs with DPP-4 inhibitors achieved
non-inferiority compared with placebo for the occurrence of MACE.1044-1046 The trial
comparing saxagliptin with placebo showed an increased likelihood of hospitalization for
CHF045 without increase in mortality. (Prescribing information states: Consider the risks
and benefits of saxagliptin in patients who have known risk factors for HF. Monitor patients
for signs and symptoms.) The FDA also noted a trend toward increased hospitalization for
CHF without increase in mortality with alogliptin and stated “There is limited experience
with alogliptin therapy in patients with CHF of New York Heart Association (NYHA)
functional classes 111 and IV. Alogliptin should therefore, be used with caution in these
patients,”1044.1047 Despite no evidence of increased risk in their CVOTS, the prescribing
information for sitagliptin and linagliptin say because HF has been observed with other
members of the DPP-4 inhibitor class, consider risks and benefits in patients who have
known risk factors for HF. Monitor patients for signs and symptoms. The main adverse
effects noted with DPP-4 inhibitors are a small increase in upper respiratory tract viral
infections (rates of nasopharyngitis were 6.4% with a DPP-4 inhibitor vs 6.1% with
comparators; risk ratio, 1.2; 95% CI, 1.0-1.4) and a rare hypersensitivity reaction.1932
Severe and disabling arthralgia has been reported in individuals taking DPP-4 inhibitors.1032

SGLT2is are the newest class of oral antihyperglycemic agents approved for treatment of
individuals with T2D. The glucosuric effect of these agents reduces both glycemia and
weight in most persons. Most also experience decreases in systolic BP. Dehydration due to
increased diuresis could lead to hypotension.1048 Clinicians and persons with DM should be
alert for the potential of postural hypotension, especially in older adults on loop diuretics.
Although the antihyperglycemic effect can be diminished with decreasing eGFR, studies
have shown that SGLT2is continue to exert their renal protective benefit for those with low
eGFRs (eg, <45 mL/min/1.73 m?).423

By increasing glycosuria, SGLT2is may increase the risk of fungal genital tract infection
and much less frequently urinary tract infection. Risk of DKA is increased in persons
using SGLT?2is, especially in those being treated with insulin (especially if there has

been a recent reduction in their insulin dose) and/or those with acute illnesses and
prolonged fasting.1049:1050 Small increases in LDL-C levels (4 to 8 mg/dL) occurred with
canagliflozin, dapagliflozin, and empagliflozin in pivotal trials. Bone fracture has been
described in post-marketing safety reporting.1951 Multiple studies have shown renal and
CV benefits of SGLT2is239.424-426,444,1052-1054 (see als0 Evidence Base 9: How should
antihyperglycemic agents be prioritized in persons with T2D at high risk for or with
established CVVD?). Empagliflozin and canagliflozin demonstrated reduction in MACE
in CVOTs; empagliflozin also demonstrated decreased CV death and all-cause mortality.
Empagliflozin, dapagliflozin, canagliflozin, and ertugliflozin have shown a decrease in
hospitalization for HF in their CVOTSs. Dapagliflozin also has shown in people with HFrEF
reduced risk of worsening HF or death from CV causes regardless of the presence or
absence of DM.*>7 Empagliflozin has also demonstrated reduction in composite of CV
death or hospitalization for worsening HF in those with HFrEF with or without T2D.470
More recently, empagliflozin was demonstrated to reduce the combined risk of CV death
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or hospitalization for HF in persons with HFpEF, regardless of the presence or absence

of DM.239:425426:443 Dapagliflozin has now been shown to reduce the combined risk of
worsening HF or CV death in patients with HF and a mildly reduced or preserved ejection
fraction.10542 Dapagliflozin received an FDA indication to reduce the risk of CV death and
hospitalization for HF in adults with and without DM with HFrEF (NYHA Class II-1V).
Empagliflozin received an indication for those with and without DM to reduce the risk of
CV death and hospitalization for HF in adults with HF (HFrEF or HFpEF).

Based on the CREDENCE trial,*23 the FDA has given canagliflozin an indication to

reduce the risk of end-stage kidney disease, doubling of serum creatinine, CV death, and
hospitalization for HF in adults with T2D and diabetic nephropathy with albuminuria.
Dapagliflozin based on the DAPA-CKD RCT#24 has received an FDA indication to reduce
the risk of sustained eGFR decline, end-stage kidney disease, CV death, and hospitalization
for HF in adults with CKD at risk of progression.

As aresult of GLP-1 RA and SGLT2i studies above, independent of glycemic control or
targets, individuals with T2D at significant risk for or with established ASCVD, HF, and/or
CKD should be treated with a GLP-1 RA or SGLT2i with proven benefit for the individual’s
specific conditions.

Colesevelam, alpha-glucosidase inhibitors, and bromocriptine primarily affect PPG levels
and are worth consideration in selected persons. Colesevelam carries a low risk of
hypoglycemia and also reduces LDL-C, for which it was originally developed. It also
modestly increases triglyceride levels, and its main adverse effect is constipation, but it is
not systemically absorbed and therefore is not likely to have systemic adverse effects.105°

Alpha-glucosidase inhibitors also have a low risk for hypoglycemia, although persons may
not tolerate the Gl side effects (eg, bloating, flatulence, and diarrhea). These may be reduced
by starting with a low dose and slowly titrating the dose as needed. Acarbose has been
shown to lower A1C and cause weight loss.1056.1057 Some clinical trials have suggested
some CV benefit in persons with IGT or DM. However, in a large RCT058 of Chinese
participants with coronary heart disease and IGT, acarbose did not reduce the risk of MACE,
but did reduce the incidence of DM.891.892

The dopamine receptor agonist bromocriptine does not cause hypoglycemia. It can cause
nausea and orthostasis and should not be used in persons taking antipsychaotic drugs.
Bromocriptine in one study with a small number of events was associated with reduced
CV event rates, 1059

Because many persons do not achieve adequate glycemic control with monotherapy or

are at risk for early loss of efficacy with metformin or another monotherapy, combining
antihyperglycemic agents is often appropriate.196% For some recently diagnosed individuals
with T2D and more severe hyperglycemia, early combination pharmacotherapy should be
considered, usually to include metformin plus another first-line agent that does not cause
hypoglycemia, especially a GLP-1 RA or an SGLT2i, or DPP-4 inhibitor (see R 12.2.6

and R 12.2.7 and R 9.1 to R 9.4 on CVD). In the VERIFY trial, 1940 initial combination
therapy of metformin and the DPP-4 inhibitor vildagliptin was superior to sequential
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addition of medications in prolonging the occurrence of primary and secondary failure.

For newly diagnosed persons with T2D and an entry A1C >9.0% and/or =1.5% above target,
one should initiate, along with lifestyle modifications, dual or possibly triple combination
pharmacotherapy usually including metformin and considering basal insulin. If there are
significant symptoms of hyperglycemia, especially including catabolism (eg, weight loss) or
a very high A1C >10% (86 mmol/mol) or BG levels (300 mg/dL [16.7 mmol/L]), insulin is
recommended. The Efficacy and Durability of Initial Combination Therapy study compared
efficacy of initial metformin/pioglitazone/exenatide in new-onset T2D vs sequential addition
of metformin followed by glipizide and insulin. The decrease in A1C from triple therapy
was greater at 6 months than that of conventional therapy and the superiority was maintained
at 3 years. 1061

Metformin is quite effective when administered in combination with other agents, as long as
one avoids its use in persons with CKD (eGFR <30 mL/min/1.73 m2)73 or Gl intolerance.
SUs, in contrast, may be problematic when used in combinations because they can cause
hypoglycemia and may reduce, eliminate, or minimize the weight-loss benefit of drugs

such as metformin, GLP-1 RAs, and SGLT?2is.9%3 See R 12.2.4 and Evidence Base 9:

How should antihyperglycemic agents be prioritized in persons with T2D at high risk
for or with established CVD? for those with established or high risk for ASCVD, HF,
and/or CKD for recommendations about antihyperglycemic medications that should be used
often in combination with metformin. Even for those without these conditions who require
intensification of therapy, one should consider adding a GLP-1 RA and/or an SGLT2i,
which would provide good glycemic lowering (especially with GLP-1 RA), reduction in
weight and BP, and a low risk for hypoglycemia. Other medications that have a low risk for
hypoglycemia are DPP-4 inhibitors and TZDs. Medications that tend to be less expensive
than others are SUs and TZDs.

Insulin Use in T2D: Insulin is usually initiated in those with T2D when combination
therapy with other agents fails to attain or maintain glycemic goals, or when an individual,
whether drug naive or on a treatment regimen, presents with an A1C level >9.0% and
symptomatic hyperglycemia.”31062 Once insulin is initiated, its beneficial A1C effect is
stable for 2 to 4 years in the majority of persons.1063 Most persons with T2D who require
intensification of antihyperglycemic therapy with a GLP-1 RA or insulin should initially be
prescribed a GLP-1 RA. Insulin could then be added if further intensification is required.
Several RCTs show that GLP-1 RAs vs basal insulin have equal or better glucose lowering,
low risk for hypoglycemia, and weight reduction vs weight gain.1021,1064

Insulin therapy may be initiated as a basal, basal-bolus, prandial, or premixed regimen,
although for most persons with T2D, starting with a basal insulin analog added to the
existing antihyperglycemic regimen is preferred1065 (Tables 17 and 18). The combination
of insulin with any antihyperglycemic agent raises the potential for hypoglycemia. Persons
should be closely monitored, and those on SUs or glinides may require dosage reductions
or discontinuation of the oral agent. TZDs can be associated with weight gain, edema, and
increased risk of CHF in combination with insulin. Basal insulin analogs are preferred over
NPH insulin because of a reduced risk of hypoglycemia.1066-1071 Newer “ultra-long-acting”
basal insulin analogues, insulin glargine U300, and insulin degludec have been shown to be
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associated with less hypoglycemia than insulin glargine U100.1972.1073 The insulin regimen
to be prescribed and the exact treatment goals should be discussed with the person with DM.

Insulin-treated persons should be instructed in performance of BGM. Most insulin-treated
persons with T2D should conduct BGM =2 times daily and ideally at least before each
injection of insulin. The frequency and timing should be dictated by the particular needs and
goals of the individual, as well as hypoglycemia risk. Emerging evidence suggests benefits
of CGM use in insulin-treated persons with T2D170.1074 (see Q3. When and how should
glucose monitoring be used?).

Premixed insulins are popular with some persons, but they provide less dosing flexibility
and have been associated with a higher frequency of hypoglycemia compared to basal and
basal-bolus regimens in many, but not all studies.1075-1079 Nevertheless, there are some
persons for whom a simpler regimen is a reasonable compromise, and for this population,
analog premixed insulins will provide better glycemic control with less hypoglycemia
than the traditional, more affordable premixed NPH regimens.1980 The analog premixed
insulin insulin degludec/insulin aspart may provide reductions in nocturnal hypoglycemia
compared to glargine U100,1081 byt a basal bolus regimen with an ultra-long-acting basal
insulin analog and a rapid-acting prandial insulin analog may achieve more effective control
with less hypoglycemia.1982 Different concentrations of the rapid-acting analogue may

be beneficial in some populations.1983 With the BIAsp 30 preparation (premixed insulin
analogue containing 30% soluble, rapid-acting insulin aspart and 70% intermediate-acting
protamine-bound aspart in each injection), for higher A1C levels, a third injection prior to
lunch may be preferable.1084

When mealtime glucose control is needed or when glycemic goals are not met on a basal
insulin regimen plus oral agents or a GLP-1 RA, insulin therapy intensification to a basal-
bolus regimen (using a rapid-acting insulin analog or inhaled insulin) should be considered
(Table 19). Ultra-rapid acting insulins can reduce postprandial glycemic peak, but this

effect on long-term complications is unknown.1085.1086 | addition, insulin human inhalation
powder, a rapid-acting inhaled insulin, is effective at reducing postprandial peak, and studies
in persons with T1D demonstrated that hypoglycemia was reduced with use of this inhaled
insulin relative to insulin aspart,1987 but overall glycemic efficacy measured by A1C may
not be as great as subcutaneous insulin,1088.1089

CSll or insulin pumps are options for persons with T2D taking basal and prandial injections
(MDI) of insulin.153.109 persons with T2D may also benefit from the use of a wearable
device that delivers for basal insulin a continuous subcutaneous infusion of rapid-acting
insulin and also allows 2-unit boluses of insulin when the wearer depresses a button,1091

Many people with T2D treated with MDI and CSII should also be using CGM, and a
significant number of those treated using the wearable, patch-like device described above
or receiving injections of basal insulin only would benefit greatly by use of CGM. More
information about insulin pumps, CGM (including differences between rtCGM, isSCGM),
and open-loop and hybrid closed-loop (HCL) use of both insulin pumps and CGM can be
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found elsewhere in this guideline and in the 2021 AACE Advanced Diabetes Technology
guideline.153

Use of the amylin analog pramlintide in conjunction with bolus insulin improves both
glycemia and weight in persons with T2D.1092.1093 G| p-1 RAs and DPP-4 inhibitors have
properties similar to those of pramlintide and also increase endogenous in- sulin secretion.
The combination of basal insulin and incretin therapy decreases basal glucose and PPG and
may minimize weight gain and the risk of hypoglycemia compared with basal-bolus insulin
regimens. Pharmacokinetic and pharmacodynamic studies of combination GLP-1 RAs and
basal insulin analogs have shown an additive effect on BG decreases.1021.1094-1097 gjmjjarly,
in persons with T2D who are treated with basal-bolus insulin therapy, adding a GLP-1 RA
or switching to a fixed-ratio combination of a GLP-1 RA and a basal insulin or adding

an SGLT2i1098 or pramlintide can serve as adjuncts to prandial insulin therapy to reduce
postprandial hyperglycemia, A1C, and weight. GLP-1 RAs may also allow reduction or
discontinuation of bolus insulin in some individuals. Long-acting GLP-1 RAs also reduce
fasting glucose.1099

The combined use of DPP-4 inhibitors or SGLT2is with insulin can also help improve
glycemic control with a relatively low risk of hypoglycemia, although the glycemic lowering
is likely to be less than with GLP-1 RAs,1100.1101

U500 regular insulin (contains 500 units/mL of regular insulin) may improve glycemia in
the therapy of persons with DM who have severe insulin resistance (eg, require >200 total
units of insulin/day).1192-1105 The pharmacokinetics of U500 insulin is more like NPH than
regular insulin but is variable and can pose a hypoglycemia risk and be associated with
weight gain. U500 insulin should only be administered with a U500 insulin syringe or a
U500 insulin pen device.

Hypoglycemia and weight gain are the most common adverse effects of insulin
therapy.1106.1107 Rates and the clinical impact of hypoglycemia are frequently
underestimated, 198 but about 7% to 15% of insulin-treated persons with T2D experience
at least 1 episode of hypoglycemia per year,1199 and 1% to 2% have severe
hypoglycemia.1106.1108 The frequency of hypoglycemia increases with intensive insulin
targets, use of SUs, decreased caloric intake, delayed meals, exercise, alcohol consumption,
CKD, T2D duration, and cognitive impairment.1108 Large, randomized trials have shown
that participants with established T2D and a history of 1 or more severe hypoglycemic
events had an approximately 2- to 4-fold higher rate of mortality for reasons that remain
unknown.87:1110 |t has been proposed that hypoglycemia may be a marker for persons

at higher risk of death rather than being its proximate cause198; nevertheless, avoidance
of hypoglycemia by appropriately reducing insulin dosages seems prudent. Basal inulin
analogs are associated with less hypoglycemia than human basal insulin such as NPH.
U300 glargine and insulin degludec have a lower risk for hypoglycemia than U100 insulin
glargine103L.1111 or insulin detemir.

Question 13: How should insulin therapy be used for management of persons with T1D?

Recommendation 13.1—Insulin must be used to treat all persons with T1D.
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Grade A; BEL 1

Recommendation 13.2—Physiologic insulin replacement regimens, which provide both
basal and prandial (meal-related or bolus) insulin, are recommended for most persons with
T1D.

Grade A; BEL 1

Recommendation 13.3—Achievement of glucose targets using either MDI of insulin
or CSlI, is needed to prevent development of life-threatening crises, such as acute
hyperglycemic crises (DKA and hyperglycemic hyperosmolar state) and catabolic state.

Grade A; BEL 1

Recommendation 13.4—A multi-component self-management diabetes education
program is recommended for persons with T1D. Ideally, this is provided by a professional
with expertise (ie, CDCES) in the topics of healthy lifestyle, insulin technique including
prandial insulin dosing guided by carbohydrate counting, and diet adjustments for special
situations, such as physical activity and prolonged fasting. Instruction is also needed in how
to deal with sick days and prevention of DKA and hypoglycemia, and other relevant issues.
Due to changes in DM self-management practices and each individual’s medical history,
personal and cultural background, and educational needs, specific education topics may need
to be repeated at regular intervals.

Grade A; BEL 1

Recommendation 13.5—The ideal insulin regimen should be personalized to an
individual’s needs and glycemic targets, attempting to better emulate physiological insulin
replacement to maintain near normoglycemia, to prevent the development and progression
of DM complications, while minimizing hypoglycemia and providing flexibility for specific
daily life situations/scenarios such as: exercise, sleep, acute illness, psychological stress, etc.

Grade A; BEL 1

Recommendation 13.6—Insulin regimens usually should involve the use of insulin
analogs for most persons with T1D and include the following approaches:

a. MDI, which usually involve 1 to 2 subcutaneous injections daily of basal insulin
to suppress ketogenesis and gluconeogenesis and to control glycemia between
meals and overnight, and subcutaneous injections of prandial insulin or use of
inhaled insulin before each meal to control meal-related glycemic excursions.
CGM is the preferred method of glucose monitoring for all individuals with
T1D.

Grade A; BEL 1

b. Insulin pump therapy (CSII) provides constant/continuous infusion of fast-acting
insulin driven by mechanical force and delivered via a cannula inserted under the
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skin. CSII can improve (or enhance) glycemic control and should be an option
for insulin delivery for appropriate persons with DM. Ideally, these individuals
should also use CGM as stated in R13.6.a.

Grade B; BEL 1

c. Automated insulin delivery (AID) systems, which include an insulinpump,
an integrated CGM, and computer software algorithm, aim to better emulate
physiological insulin replacement and achieve glycemic targets. This technology
is recommended for many persons with T1D since its use has been shown to
increase TIR while often reducing hypoglycemia or at least without causing
increased hypoglycemia.

Grade A; BEL 1

d. Open-loop (use of a pump and sensor which do not communicate) and sensor-
augmented pump (SAP) systems: (CGM communicates with pump facilitating
needed adjustments to basal rate; temporary interruption of insulin delivery when
glucose levels are low or forecast to be low within 30 minutes). Insulin pump
with a CGM or an SAP is recommended to manage persons with DM treated
with intensive insulin management who prefer not to use AID systems or have no
access to them.

Grade D; BEL 4

Evidence Base 13: How should insulin therapy be used for management of T1D?

Based on the World Health Organization’s Classification of Diabetes 2021,1112 T1D is
defined as b-cell destruction and absolute insulin deficiency. Hence, insulin therapy is
necessary for life in all persons with T1D (“all or nothing™).1113 Absolute (or near-absolute)
insulin deficiency can result in acute hyperglycemic complications, including DKA,
hyperosmolar hyperglycemic state, hypertriglyceridemia, and hypercatabolic state, which
can be life-threatening.1114-1120 AJ| persons with T1D should receive adequate basal insulin
replacement, either via frequent injections or CSlI, every day to prevent development of
life-threating acute hyperglycemic complications.1117.1121 |nadequate (incomplete) insulin
replacement, beyond the use of basal insulin, results in chronic hyperglycemia which is a
driver for micro- and macrovascular DM-related complications in T1D. Intensive glycemic
control with insulin therapy reduces the risk of these complications.200.1122,1123

Since publication of the prior CPG in 2015, there has been extensive development on insulin
formulations and delivery, particularly in persons with T1D. Several advantages have been
published on newer insulin analogs for both basal and prandial insulin; CSII development
with adjunctive use of CGM; and the latest development in the use of nonadjunctive

CGM with CSllI, also called AID systems, HCL systems, or artificial pancreas device
systems (discussed below, in Figure 6, and in 2021 AACE Advanced Diabetes Technology
guideline).153

Physiologic insulin regimens including both basal and prandial insulin, provided by either
MDI or CSlI, have not been formally tested in RCTs against nonphysiologic insulin
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regimens (once or twice daily insulin). Rather, physiologic insulin regimens have been
formally studied as one component of a comprehensive treatment strategy for persons
with T1D.1106.1124.1118 |, comparisons of regimens of MDI with BGM (without CGM) vs
CSlI for T1D, there have been small improvements in A1C, but substantial reductions in
severe and nocturnal hypoglycemia.1113.1125-1127 However, in the REPOSE RCT, where all
participants received a structured diabetes education program and adjusted insulin based
on SBMG, treatment with CSII vs MDI resulted in reduction in severe hypoglycemia
after 2 years in both groups, with a nonstatistically significant A1C benefit toward CSl|,
and better treatment satisfaction and QoL among CSI|I users.1128 Regardless of the insulin
delivery method (MDI vs CSllI), glycemic control metrics, including A1C and CGM TIR,
hypoglycemic events, QoL, and patient satisfaction are substantially improved when MDI
or CSllI is augmented with CGM, with better results when CSII is combined with CGM or
integrated into AID systems, compared with using CGM,158.160,1129-1131

Basic Principles of Insulin Therapy in Type 1 Diabetes—Several trials have
demonstrated that physiologic regimens using basal insulin analogs may reduce
hypoglycemia, and bolus insulin analogs may result in better control of PPG excursions
for most persons with T1D.1132-1137 Hence, insulin analogs should be considered first-line
choice for most persons with T1D (Table 19).

These effects were demonstrated initially when comparing first-generation insulin

analogs to NPH insulin.1132.1134,1138,1139 Fyrther improvements were confirmed when
comparing second generation of ultra-long-acting basal to first-generation insulin
analogs,1135:1137,1140-1145 \yhjch may translate into potential cost savings in real-world
settings from avoiding severe hypoglycemic and hyperglycemic crises.}146 There are limited
data comparing the latest basal insulin analogs degludec and glargine U300.1147.1148

The InRange RCT assessed the noninferiority of both basal insulins, as measured by

CGM metrics.1149 Furthermore, a novel ultra-long-acting weekly insulin icodec is under
development for persons with T1D.1150

Similarly, the use of rapid-acting analogs has resulted in less hypoglycemia, with small
reductions in ALC compared to using regular human insulin, including MDI using NPH as
basal insulin.1151-1153 The development of ultrarapid insulin analogs has resulted in better
coverage of PPG excursions, compared with rapid-acting insulin analogs, as measured by
BGM and CGM, but not all studies have resulted in A1C improvements or hypoglycemia
reductions.1154-1157 |nhaled insulin with a faster peak of action and shorter duration is also
available as prandial insulin, with the requirement of using repeated inhaled correctional
insulin doses after 1 to 2 hours postmeal 1158.1159

The starting dose of insulin is usually estimated based on weight, with doses ranging from
0.4 to 0.5 units/kg/day of total insulin, with higher amounts required for persons who are
obese (increasingly common in T1D) or have a sedentary lifestyle, as well as during puberty,
pregnancy, and acute medical conditions. Conversely, lower starting insulin doses (0.2 to 0.3
units/kg/day) are recommended for older adults, those with renal failure, malnutrition, or
low BM].1124,1136
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In general, basal insulin requirements are usually 40% to 50% of TDD insulin. Basal

insulin doses are titrated to personalized target fasting glucose. In the ideal prandial/bolus
regimen, the dose of prandial insulin is usually determined by estimating the carbohydrate
content of the meal. Persons with DM should have formal training on carbohydrate counting
as part of a multicomponent DSMES program, provided by professionals (CDCES) if
available.1160-1164 \ost would start with 1:15 insulin to carbohydrate (IC) ratio (1 unit for
15 g of consistent carbohydrates) or 450/TDD insulin if using regular insulin; 500/TDD if
using rapid-acting IC ratio (eg, for someone using 50 units of insulin/day: 500/50 units =
1:10 IC ratio) as a starting point. The IC ratios can be adjusted based on an individual’s
response to the calculated boluses of insulin. Insulin sensitivity factor (ISF) approximates
the glucose-lowering effect of 1 unit of insulin in a particular individual (1500/TDD units
for regular insulin vs 1800/TDD rapid acting insulin). These formulas are just starting points
and need to be modified empirically for each person. Numerous mobile applications are also
being used to assist with IC ratios and ISF.

IC ratios usually range from 1:20 for the very insulin-sensitive to 1:5 for insulin-resistant
persons. Similarly, correction dose insulin for premeal or between-meal hyperglycemia is
based on the ISF, also called insulin correctional factor, which is based on the overall insulin
sensitivity of a person, loosely estimated by the individual’s TDD insulin. Although various
formulas have been used to estimate the appropriate ISF, this parameter should only be
viewed as an estimation due to numerous factors that can alter BG. The most commonly
used formula is 1800/TDD insulin = number of mg/dL of glucose that will be reduced by

1 unit of insulin. Another key factor that should be appreciated is insulin action time. For
most subcutaneous injections, this ranges from 4 to 6 hours. Ultrarapid insulins (ie, faster
aspart, lispro aabc) have demonstrated earlier time of onset and action but similar duration of
action.1165

With the knowledge of the IC ratio, ISF (insulin correctional factor), and insulin action time,
persons with DM on MDI or CSl|I can calculate the appropriate correction dose of insulin.
This is significantly simpler with CSII, as most pumps include bolus calculators to perform
the calculations by pressing a few buttons. Most persons using MDI, however, will need to
estimate the remaining “insulin on board” from the last injection of prandial insulin based on
standard curves that can be provided to them.1124.1136

For persons using MDI or intensive insulin therapy, there are a variety of smart phone apps
available that can assist persons with insulin dosing and calculations.1166 Similarly, several
smart insulin pens have been developed, including devices that are specific to one insulin
brand and others that can be used with different formulations. RCTs have validated their use
in persons with T1D, providing benefits for avoidance of extreme glycemic events,1167-1169
This topic is reviewed in the 2021 AACE Advanced Diabetes Technology guideline.153

CSlI should only be used by persons who are motivated and knowledgeable in DM self-
care, including insulin adjustment. To ensure the safety of persons with DM, prescribing
physicians must have expertise in CSII therapy, and CSII users must be thoroughly educated
and periodically reevaluated. In 2018, an RCT using an open-loop CSII system found

no glycemic benefit compared to MDI, although QoL scores were improved with pump
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therapy.1170 Training should be provided by personnel with expertise, particularly a CDCES
or registered dietitian. Refer to R 17 on DSMES in Section 4 of this guideline.

Adjunctive Medications for Type 1 Diabetes—The amylin analog pramlintide, the
only other medication approved for the treatment of T1D, is administered with prandial
insulin. A1C reductions are consistently modest, and mild weight loss is common. Nausea
is a common adverse effect. There is a potential risk of severe hypoglycemia if persons with
DM do not appropriately reduce the prandial insulin dosage.1171-1174 Tachyphylaxis is often
seen after several years of therapy.

There has been much interest in the use of metformin as an adjunctive therapy for T1D. A
meta-analysis of 13 randomized placebo-controlled trials with 1183 participants with T1D
reported small reductions in BMI, insulin requirements, total and LDL-C, but no differences
in A1C, HDL-C, or triglyceride levels.117> Given the lack of glycemic benefit and minimum
other benefits on top of frequent Gl side effects and a small risk of lactic acidosis, a
recommendation for metformin use in T1D cannot be made at this time.

Another unapproved agent for T1D is the GLP-1 RAs, which have been studied for T1D for
2 indications. The first is b-cell preservation in newly diagnosed T1D. In conjunction with
anti-1L-21 antibody;, liraglutide was shown to provide small improvements of endogenous
insulin secretion.1176 Secondly, similar to pramlintide, these agents inhibit glucagon
secretion, delay gastric emptying, and promote satiety and weight loss. The largest trial
with this class in T1D was with liraglutide, which showed a reduction of A1C of 0.4% with
the highest 1.8 mg dose in addition to a 5 kg weight loss and insulin dose reductions.1177
Although this agent was more effective with those participants still producing endogenous
insulin, the added hypoglycemia and ketosis noted has resulted in no attempt for FDA
approval in T1D.

Of all of the unapproved adjunctive agents for T1D, there has been the most interest in

the SGLT2i or SGLT1/2is. By inducing glycosuria, less hyperglycemic spikes, lower A1C
levels, and weight loss could be expected. In one meta-analysis of 14 studies and with

4591 participants, A1C was reduced by 0.4% with a 2.7 kg weight loss and reductions

in BP and insulin dosing.1178 A 3.38-fold increased risk of DKA (often euglycemic, now
generally defined as a BG less than 250 mg/dL)1179 has resulted in no approval in the United
States, although the European Medicine Agency has approved dapagliflozin (5 mg) and
sotagliflozin (200 mg) for those with T1D and a BMI above 27 kg/m2.1180 Although there
have been attempts to reduce risks,1181 at the present time, no recommendation for use of
these agents to manage T1D can be made until the high risk of DKA can be safely mitigated.

AID Systems—The integration of glucose monitoring with insulin pump therapy has been
an important goal in diabetes technology. Although connectivity of glucose meters to insulin
pumps were initially found to be convenient to assist in calculating the bolus dose delivery,
the evolution of CGM with sophisticated computerized algorithms has resulted in SAPs and
more recently AID systems.
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CGM used completely independently of insulin pump therapy (“open-loop™) or in
conjunction with an SAP system (where insulin can be interrupted before or when glucose
drops below a hypoglycemic threshold) has been shown to benefit glycemic control for all
age groups with T1D.153.1182-1184 The yse of SAP therapy has been shown to improve not
just A1C or hypoglycemia but also glycemic variability and albuminuriall85-1187 \yhen
compared with MDI. Furthermore, scores for QoL and treatment satisfaction are also
superior with SAP systems compared with MDI and BGM.1188-1191 Thjs js important
because not all areas of the world have access to AID systems.

HCL systems and AID systems: AID systems are recommended for all persons with

T1D, since their use has been shown to increase TIR, especially in the overnight period,
without causing an increased risk of hypoglycemia. For persons with DM with suboptimal
glycemia, significant glycemic variability, impaired hypoglycemia awareness, or who allow

for permissive hyperglycemia due to the fear of hypoglycemia, such AID systems should be
considered.153,1131,1182-1184,1192,1193

Pivotal trials for 3 HCL systems have shown success in improving TIR and reducing
hypoglycemia both in the pediatric and adult age group.1182-1184 | terms of insulin
algorithms, target glucose choices and clinicians’ understanding of the impact of basal rates,
insulin action time, and insulin sensitivity is paramount. Some systems use automated basal
only, while others also use automated bolus for sustained hyperglycemia. Exercise is also
addressed differently in each system. A meta-analysis of both approved and unapproved
systems have shown improvements in glycemic control with closed-loop systems.1194 It is
therefore important for clinicians to be familiar with each device. Do-it-yourself HCLs have
also gained in popularity due to excellent glycemic results,119% but as of this writing are not
approved by the FDA.

Question 14: How should hypoglycemia be managed?

Recommendation 14.1—Oral intake of rapidly absorbed glucose (eg, glucose tablets
or dietary sugar like fruit juice) followed by a snack or meal containing both protein and
carbohydrates (eg, cheese and crackers or a peanut butter sandwich) should be used to treat
hypoglycemia (measured glucose <70 mg/dL [3.9 mmol/L]) if a person is able to safely
swallow.

Grade A; BEL 1

Recommendation 14.2—Glucagon, in one of the currently available forms: intranasal,
prefilled liquid stable nonaqueous formulation, prefilled aqueous liquid stable glucagon
analogue or with reconstitution from powder, should be used to correct hypoglycemia if
individuals are unable or unwilling to ingest carbohydrates orally. If there is no response
after 15 minutes, an additional same dose may be administered. As soon as the individual is
awake and able to swallow, they should receive a rapidly absorbed source of carbohydrate.

Grade A; BEL 1
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Recommendation 14.3—Persons with severe hypoglycemia with altered mental

status or with prolonged hypoglycemia need to be hospitalized. If an individual has
hypoglycemic unawareness and hypoglycemia-associated autonomic failure, several weeks
of hypoglycemia avoidance may at least partially reverse hypoglycemia unawareness

and may reduce the risk or prevent recurrence of severe hypoglycemia. Adjustment of

an individual’s long-term antihyperglycemic regimen may be necessary to further avoid
recurrence of hypoglycemia.

Grade B; BEL 1

Recommendation 14.4—In persons with T2D who develop hypoglycemia and are being
treated with alpha-glucosidase inhibitors or with pancreatic diabetes, oral glucose or lactose-
containing foods (dairy products) must be given because alpha-glucosidase inhibitors inhibit
the breakdownand absorption of complex carbohydrates and disaccharides (eg, table sugars
or starches).

Grade A; BEL 1

Recommendation 14.5—Persons at risk for hypoglycemia should perform frequent
BGM or preferably use CGM devices (see R 3.1-R 3.4 on monitoring).

Grade B; BEL 4 and expert opinion of task force

Evidence Base 14: How should hypoglycemia be managed?

Definition of Hypoglycemia—The classical definition of hypoglycemia is a low BG
level accompanied by symptoms of hypoglycemia (eg, palpitations, diaphoresis, hunger)
that are relieved by the ingestion of glucose (ie, the Whipple triad).119 A glucose of <70
mg/dL (3.9 mmol/L) is the classic threshold for hypoglycemia based on physiologic glucose
regulation and neuroendocrine response in persons without DM.1197 Hypoglycemia may

be asymptomatic, and any BG <70 mg/dL is generally considered hypoglycemia.1198 In
persons with DM, hypoglycemia is separated into 3 levels. Level 1, a measurable glucose
<70 mg/dL (3.9 mmol/L), but 254 mg/dL(3.0 mmol/L), can and should alert a person to act.
Level 2 is a measurable glucose <54 mg/dL (3.0 mmol/L) that needs immediate action, as
neurogenic and neuroglycopenic hypoglycemic symptoms begin to occur below this level.
Level 3 is defined as a severe event characterized byaltered mental status and/or physical
status requiring assistance.1198:1199 |n addition, hypoglycemia symptoms can occur in the
normal glucose range in a person with very high glucose levels that drop quickly. BGM

and CGM can be helpful but are not necessarily diagnostic because of possible instances of
glucose meter and sensor inaccuracy.

Symptoms of Hypoglycemia—Hypoglycemia manifests as neurogenic and/or
neuroglycopenic symptoms that range in severity from mild to life-threatening and include
anxiety, palpitations, tremor, sweating, hunger, paresthesia, behavioral changes, cognitive
dysfunction, seizures, and coma. Certain hypoglycemia-related responses (psychomaotor
function) are altered in older adults compared with younger persons. Although severe
hypoglycemia generally results in recognizable symptoms, mild-to-moderate hypoglycemia
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may remain asymptomatic and unreported in persons with DM. Even severe hypoglycemia
is often unrecognized in those with hypoglycemia unawareness.1198

Etiology of Hypoglycemia—In persons with DM, iatrogenic hypoglycemia stems

from an imbalance among insulin and/or insulinogenic (eg, SUs, glinides) therapy

and food intake, physical activity, organ function (gluconeogenesis), and counter-

regulation with glucagon and/or epinephrine (hypoglycemia-associated autonomic failure).
Hyperinsulinemia, increased alcohol intake, starvation, and organ failure may be aggravating
factors.1108.1200,1201 Nonjatrogenic hypoglycemia (ie, insulinoma) is beyond the scope of
this guideline.

Risks of Hypoglycemia—The primary cause of hypoglycemia is intensification of
antihyperglycemic therapy (almost always using SUs [or to a lesser extent glinides] and/or
insulin) aimed at achieving lower AL1C targets, as demonstrated by intensive therapy

trials. 12021203 Qyer 3.5 years in the ACCORD study, severe hypoglycemia occurred at

an annualized rate of 3.1% of persons in the intensive therapygroup (mean end point A1C
6.4%; target <6.0%) vs 1.0% per year in the standard therapy group (mean end point A1C
7.5%).78 During the ADVANCE trial, in which the goal A1C of 6.5% was met in the
intensive group, 0.7% of intensively treated persons experienced severe hypoglycemia on
an annual basis compared with 0.4% of persons per year in the standard care group.’®
Finally, in the UKPDS, wherein intensive treatment led to a mean end point A1C of 7.0%,
hypoglycemia occurred in 1.8% of insulin-treated persons per year in the intensive group
vs 0.7% of conventionally treated persons per year.497 The risk of hypoglycemia is greater
in older adults and those with longer DM duration, kidney failure, or lesser insulin reserve.
Dementia is another important risk factor for hypoglycemia, and recurrent hypoglycemia
appears to increase the risk of dementia.1204-1206 The failure to recognize symptoms of
hypoglycemia can increase the risk of subsequent hypoglycemia by causing autonomic
failure, leading to a cycle of recurrent hypoglycemia and hypoglycemia unawareness.1200

Sequelae of Hypoglycemia—Studies have suggested an association of hypoglycemia
with adverse CV events. In the ADVANCE trial, severe hypoglycemia was associated with
significant risk increases for CV events including death.1110 In ACCORD, hypoglycemia
was considered a suspect behind the increased mortality observed in the intensive-treatment
arm. However, glucose levels at time of death were unknown, and the hypothesis remains
unproven.8287 Moreover, the HR for hypoglycemia-related mortality was even higher

in the standard therapy arm of that study (aHR in intensive treatment arm: 1.41, 95%

Cl, 1.03-1.93; in standard therapy arm: 2.30, 95% ClI, 1.46-3.65).8” A meta-analysis of
prospective and retrospective clinical trials demonstrated that severe hypoglycemia doubled
the risk of CV events, whereas an observational trial showed that, over a period of 5

years, mortality was 3.4 times higher among persons who reported severe hypoglycemia

at baseline.1207:1208 The proposed mechanism for these effects posits that hypoglycemia
reduces baroreceptor sensitivity and increases sympathoadrenal system activity, which can
trigger a fatal ventricular arrhythmia in the setting of reduced baroreflex sensitivity.1209
Other short- and long-term consequences of severe hypoglycemia include neurologic
conditions ranging from temporary cognitive impairment to dementia as well as major
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vascular events such as stroke, MI, acute cardiac failure, ventricular arrhythmias, and sudden
death.1108.1200,1210 The complications of hypoglycemia are also associated with short-term
disability and higher health care costs.1211-1214

Management of Hypoglycemia—Oral administration of rapidly absorbed glucose (15
g) should be used to treat hypoglycemia (measured glucose <70 mg/dL (3.9 mmol/L) if

a person is able to safely swallow.1215-1217 sypsequent confirmation of return of glucose
levels to greater than normal range is recommended.

In persons with T2D being treated with alpha-glucosidase inhibitors, who develop
hypoglycemia due to use of hypoglycemic agents, oral glucose or lactose-containing foods
(dairy products) must be given because alpha-glucosidase inhibitors inhibit the breakdown
and absorption of complex carbohydrates and disaccharides.1218-1225

If a person is unable to swallow or is unresponsive, subcutaneous, intramuscular, or
intranasal glucagon or IV glucose should be given by a trained family member or medical
personnel. There are at least 3 FDA-approved formulations of standard glucagon for
reconstitution and injection. These formulations are supplied as lyophilized white powder
requiring reconstitution using the liquid in an included prefilled syringe prior to injection as
1 mg per vial. The adult dose is 1 mg. For children weighing less than 44 Ibs (20 kg), the
dose is 0.5 mg.1226-1229

New, more stable formulations of glucagon have recently become available for clinical

use: intranasal glucagon, dasiglucagon, and nonaqueous soluble glucagon. These new
FDAeapproved formulations have demonstrated glycemic responses similar to standard
glucagon formulations for the treatment of hypoglycemia but without the need of
reconstitution.1230 Three mg of intranasal glucagon (1 mg glucagon per 10 mg dry powder)
appears to have maximal effect.1231-1235 Nonaqueous glucagon and dasiglucagon can

be administered via a prefilled syringe or auto-injector, reducing the steps to prepare

and administer glucagon in the event of hypoglycemia.1236.1237 Dasiglucagon is a novel
stable peptide analog of human glucagon consisting of 29 amino acids with 7 amino

acid substitutions relative to native glucagon. In clinical trials, the time taken to increase
glucose concentration to above 70 mg/dL was 6 minutes with doses of 0.3 mg and 0.6

mg of dasiglucagon, which is comparable to standard glucagon at doses of 0.5 mg and 1
mg.1237.1238 For al| these forms of glucagon rescue, if there is no response after 15 minutes,
an additional same dose may be administered subcutaneously while waiting for emergency
assistance, which should be called for immediately after administering the first dose (Table
20).

As soon as the individual is awake and able to swallow, they should receive a rapidly
absorbed source of carbohydrate (eg, glucose tablets or dietary sugar like fruit juice)
followed by a snack or meal containing both protein and carbohydrates (eg, cheese and
crackers or a peanut butter sandwich).1216:1217,1233,1239-1241

Hypoglycemia is the primary limiting factor in the treatment of both T1D and T2D. It
remains a significant barrier in terms of treatment adherence and achievement of glycemic
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goals.1198 |_ong-term management of hypoglycemia depends on appropriate adjustment of
therapy to prevent hypoglycemia or reduce its frequency and severity in persons prone

to hypoglycemia (eg, the elderly and persons with T1D). In T2D, hypoglycemia typically
occurs in association with use of exogenous insulin, SUs (especially glyburide),1242 and
glinides; symptoms may be mild, moderate, or severe. The risk of hypoglycemia may

be further increased by the addition of other antihyperglycemic agents to SUs or insulin.
Therefore, in adults with T2D, treatment strategies should emphasize the increased number
of antihyperglycemic medication classes that are not associated with severe hypoglycemia
(Table 16). Also, the role of hypoglycemia must be considered in determining ideal A1C
goals for each patient.

BGM and especially CGM are important tactics to help persons prevent, identify, and
document hypoglycemia, although it is essential that the glucose meter and CGM meet
accuracy standards and that users are provided with education and support. CGM use is
particularly important in persons with recurrent asymptomatic hypoglycemia (hypoglycemia
unawareness, hypoglycemia-associated autonomic failure), recurrent hypoglycemia, and
persons on regimens placing them at risk for hypoglycemia, 1531198

Persons with hypoglycemic unawareness are particularly susceptible to marked variations
in glucose levels. Therapeutic approaches can minimize glycemic excursions and prevent
hypoglycemia.1243-1247 Also, CGM, especially when connected to insulin pumps and HCL
devices, can reduce occurrence of hypoglycemia. 1248

Question 15: How should DM be managed in the hospital?

Recommendation 15.1—All hospitalized persons should have laboratory glucose testing
on admission. Persons with DM or with admission hyperglycemia >140 mg/dL should have
glucose monitoring during hospitalization.

Grade B; BEL 1

Recommendation 15.2—To guide inpatient therapy and inform discharge planning,
clinicians should measure A1C in all persons with DM, unless their A1C is known and
was tested within the previous 3 months.

Grade B; BEL 2

Recommendation 15.3—Hospitalized persons with hyperglycemia but without known
DM should have A1C measured to identify preexisting DM and inform discharge planning.

Grade B; BEL 2

Recommendation 15.4—Initiate bedside POC capillary glucose monitoring at an
appropriately chosen schedule to guide therapy for hyperglycemia during hospitalization

in all persons with DM, persons without prior DM who have hyperglycemia, and persons
receiving therapies with a high risk of hyperglycemia, such as corticosteroids and enteral or
parenteral nutrition.
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Grade A; BEL 1

Recommendation 15.5—For hospitalized persons with DM eating on a regular schedule,
check POC BG before each meal and at bedtime, if clinically indicated. In hospitalized
persons who are not eating (eg, NPO [nothing by mouth] or continuous feeding), initially
check POC BG at least every 4 to 6 hours. Additional checks may be warranted for those

at higher risk of hypoglycemia. For those on IV insulin, POC BG should be obtained from
every 30 minutes to every 2 hours.

Grade A; BEL 1

Recommendation 15.6—Although inpatient CGM has not received regulatory approval,
CGM may be useful in inpatient settings, while complying with institutional policies and
safety precautions. CGM may improve detection of severe hypoglycemic and hyperglycemic
events, identify glucose trends and patterns, and improve satisfaction in persons with DM.

Grade C; BEL 2

Recommendation 15.7—CGM may be considered under special regulatory allowance
during the time of COVID-19 to reduce staff exposure and use of personal protective
equipment and assist with glycemic monitoring of persons in the hospital setting.

Grade C; BEL 2

Recommendation 15.8—Specialized inpatient DM teams and/or CDCES, if available,
should be used to improve outcomes in hospitalized persons with DM or hyperglycemia.
The use of virtual consults may be considered an alternative to support hospitals lacking
these services.

Grade B; BEL 1

Recommendation 15.9—For critically ill persons, 1V insulin infusion is recommended
to treat persistent hyperglycemia in the ICU using validated protocols that allow adjustment
of insulin dose for glycemic excursions based on prespecified glucose targets. For those
receiving 1V insulin, POC testing should be performed every 30 to 120 minutes.

Grade A; BEL 1

Recommendation 15.10—A glucose target of 140 to 180 mg/dL is recommended for
most critically ill persons in the hospital setting. More intensive targets between 110 to
140 mg/dL may be appropriate in select populations, particularly critically ill persons
postcardiothoracic or other surgeries, while minimizing the risk of hypoglycemia.

Grade A; BEL 1

Recommendation 15.11—For most noncritically ill persons in the hospital setting, a
glucose target of 140 to 180 mg/dL is recommended. For hospitalized persons who are
able to achieve and maintain glycemic control without hypoglycemia, a lower target range
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(100 to 140 mg/dL) may be reasonable. For persons in a hospital setting with high clinical
complexity, terminal illness, limited life expectancy, or high risk for hypoglycemia, less
stringent targets are appropriate.

Grade B; BEL 1

Recommendation 15.12—Insulin therapy following approved protocols is recommended
as the preferred therapy for managing hyperglycemia in the hospital. For noncritically

ill hospitalized persons with T2D, an individualized approach is recommended for
consideration of noninsulin agents alone or in combination with insulin (see also R 15.16).

Grade A; BEL 1

Recommendation 15.13—The insulin regimen for hospitalized persons with satisfactory
meal intake should include basal, prandial, and correction doses. For those without adequate
food intake, a regimen of basal, prandial, and correction doses should be used as necessary
for glycemic control. Exclusive use of “sliding-scale” insulin should only be used for those
whose glucoses are in the target range most of the time, and only occasionally exceed it.

Grade A; BEL 1

Recommendation 15.14—The management of hyperglycemic emergencies, including
DKA and hyperosmolar state, should include fully adequate fluid resuscitation to correct
fluid deficits, electrolyte replacement (potassium), and insulin therapy. Simultaneous
continued infusion of insulin and dextrose solutions after correction of hyperglycemia is
often required until DKA resolves to avoid hypoglycemia.

Grade A; BEL 1

Recommendation 15.15—Transition from IV insulin in the ICU to a subcutaneous
insulin regimen is typically required when acidosis is resolved and a person is no longer
critically ill. A proactive regimen with scheduled subcutaneous insulin therapy, with basal,
nutritional/prandial, and/or correctional doses, is recommended for most persons.

Grade A; BEL 1

Recommendation 15.16—For hospitalized persons with T2D and mild admission
hyperglycemia (glucose <180 mg/dL), a personalized approach is recommended for the
use of noninsulin agents alone or in combination with basal insulin, aiming for the most
efficacious regimen with the lowest hypoglycemic risk. For some hospitalized persons with
T2D, DPP-4 inhibitors plus correction doses with rapid-acting insulin, or basal insulin plus
DPP-4 inhibitors may be sufficient.

Grade A; BEL 1
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Recommendation 15.17—A hospital-wide standardized plan should be in place to
prevent hypoglycemia. Each hypoglycemic episode should be documented, and appropriate
adjustments should be made to prevent recurrence.

Grade B; BEL 2

Recommendation 15.18—It is recommended to start discharge planning soon after
hospital admission and to provide and document appropriate individualized plans for
transition to an ambulatory setting and follow-up care at discharge for all persons with
DM or newly diagnosed hyperglycemia.

Grade A; BEL 1

Evidence Base 15: How should DM be managed in the hospital?

DM affects up to ~10% of the US population38 and is even more common among
hospitalized persons, present in up to 20% to 40% of admissions and has been

particularly high during the COVID-19 pandemic.1249.1250 The association between
inpatient hyperglycemia and increased risk for complications and mortality is well
established in persons with and without previously diagnosed DM.1251-1254 Hyperglycemia
is associated with prolonged hospital stay, increased incidence of infections, greater
disability after hospital discharge, and death.91:1255.1256

Substantial evidence indicates that correction of hyperglycemia with insulin administration
reduces hospital complications and mortality in critically ill persons, as well as those

who receive care for general medicine and surgery.92:1257.1258 Several RCTs, including

the real-world Normoglycemia in Intensive Care Evaluation and Survival Using Glucose
Algorithm Regulation study9%:96.104 and meta-analyses1257:1259.1260 reported higher rates

of severe hypoglycemia and increased morbidity and mortality with intensive insulin

therapy (glycemic targets of 80 to 110 mg/dL) compared with more relaxed glycemic
targets, demonstrating that intensive glycemic control (80 to 110 mg/dL) in critically ill
persons may be difficult to achieve, with no consistent mortality benefits in all studies,

and increased risk of complications in those treated intensively, compared to moderate
glycemic targets.95:96.104 However, personalized glycemic targets between 110 to 140
mg/dL may improve outcomes in selected populations, particularly critically ill persons
postcardiothoracic surgery, in hospital units that have shown low rates of hypoglycemia.

In addition, minimizing glycemic variability, independent of glucose levels, could result

in lower rates of complications and CV mortality in critically ill persons1261-1263 and in
reduced hospital stays and mortality in non-ICU settings.1264 Thus, glucose targets <110
mg/dL are no longer universally recommended, and the AACE/ADA consensus statement on
inpatient glycemic control favors more relaxed glycemic targets in the ICU, as high as 140 to
180 mg/dL.105

Treatment of Hyperglycemia in Persons in the Hospitalized Setting—Persons
with DM have a 3-fold greater chance of hospitalization compared to those without DM,
with 30% to 40% requiring 2 or more hospitalizations in any given year.1264-1266 |t js well
established that hyperglycemia in persons with or without a prior diagnosis of DM increases
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both mortality and disease-specific morbidity in hospitalized persons,?1:105.1251,1267 an that
goal-directed insulin therapy can improve outcomes.®2:94.101 This topic has been extensively
reviewed in the AACE/ADA consensus statement on inpatient hyperglycemia,10° 2021
ADA Standards of Medical Care in DM,12%8 and 2022 Endocrine Society clinical practice
guideline titled Management of Hyperglycemia in Hospitalized Adult Patients in Noncritical
Care Settings.%

The management of hyperglycemia in the hospital setting presents multiple challenges
including variable nutritional status and altered levels of consciousness, as well as resource
limitations for monitoring glycemia during these changes. Given the paramount importance
of patient safety, reasonable glucose targets in the hospital setting should be set at modestly
higher levels than targets for outpatients with DM. For noncritically ill persons, a premeal
glucose target of <140 mg/dL and a random BG of <180 mg/dL are recommended, while
avoiding hypoglycemia (BG <70 mg/dL). Additionally, glycemic targets should be modified
according to clinical status. For persons who are able to achieve and maintain glycemic
control without hypoglycemia, a lower target range may be reasonable. For persons with
terminal illness, limited life expectancy, or high risk for hypoglycemia, higher target ranges
may be reasonable.100.1259,1269-1274 Refer to Section 1 on Screening, Diagnosis, Glycemic
Targets, and Glycemic Monitoring for additional guidance.

We recommend to check ALC for all persons with known DM, unless the A1C level

is available and had been checked within the prior 3 months. A1C levels provide an
overview of prior glycemic control, can predict response to therapy in the hospital, and
guide discharge therapy.103.1275-1279

Some studies have demonstrated that the use of specialized DM management teams can
result in better hyperglycemia correction, and avoidance of hypoglycemia, with positive
impacts on readmissions and costs.1280-1283 The yse of e-consults or virtual visits may

be an alternative for hospitals lacking these services,1284 or for postdischarge DM follow-
up,1285-1287

Management of Adults with Inpatient Hyperglycemia in the ICU—Insulin therapy
is the preferred method of glycemic control in most hospitalized persons. 1V infusion

of insulin is the preferred route of administration for persons in the ICU. In the critical

care setting, a variety of CSII protocols have been shown to be effective in achieving

glycemic control with a low rate of hypoglycemic events and also to improve hospital
outcomes. 94.101,1288-1290

For ICU settings, most hospitals use institutional-based, nurse-driven protocols, with several
validated protocols published.1291-1293 Aytomated, computerized, 1V insulin protocols,
including commercially available or institutional-based protocols, have improved glycemic
control, with good acceptance by nursing personnel.1294-1307 The preference will depend
on local needs, support, and cost to the institution. Preference should be given to use of
regular insulin for IV administration, 13081309 given lower cost and wide availability, and
short-acting insulin analogs have shown effective glycemic control.1308
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The management of hyperglycemic emergencies (including DKA and hyperosmolar state)
should follow standardized protocols with aggressive fluid resuscitation, electrolytes
replacement, and also insulin therapy.281310.1311 persons with severe DKA should typically
receive 1V insulin therapy, whereas mild-to-moderate crises may be managed with frequent
subcutaneous insulin administration and glucose monitoring protocols.28:1121,1310,1312
Caution is recommended in persons with advanced renal failure because standard

IV fluid and insulin replacement may result in increased volume overload and
hypoglycemia.1313.1314 prevention and correction of hypokalemia and hypoglycemia should
be proactively part of any treatment protocol. Severe hypokalemia (K <2.5 mEg/L) and
severe hypoglycemia (BG <40 mg/dL) have been associated with increased mortality.1315

The addition of noninsulin agents, such as DPP-4 inhibitors or GLP-1 RAs, before
admission or during the perioperative period, has not reduced rates of stress hyperglycemia
and may increase nausea and vomiting rates316-1324 among critically ill persons. While the
use of these agents is safe and may result in lower glucose levels and insulin doses, we

do not recommend addition of a DPP-4 inhibitor or GLP-1 RA to IV insulin therapy until
efficacy is demonstrated.

Most persons with T2D and all persons with T1D in the ICU receiving 1V insulin infusion
will require transition to a subcutaneous insulin regimen.19% Those who are suitable for

this transition ideally have a stable infusion rate and BG levels in the target range. Several
studies!266.1325-1329 racommend starting at a daily insulin dose ~80% of the IV insulin used
in the preceding 12 to 24 hours and splitting it into basal and bolus insulin.10% Persons
without DM but with stress or newly diagnosed hyperglycemia who have required an insulin
rate less than 1 to 2 units/hour at the time of transition may not require a scheduled
subcutaneous insulin regimen.1330 Many of these individuals can be treated with correction
insulin to determine if they will require scheduled subcutaneous insulin.

Management of Hospitalized Adults with Inpatient Hyperglycemia in the Non-
ICU Setting—In the noncritically ill setting, scheduled subcutaneous insulin regimens
with a combination of basal, nutritional, and correctional components is recommended.
Prolonged use of “sliding scale” insulin as the sole method of glucose control is strongly
discouraged. Clinicians should only consider using “sliding scale” insulin alone in persons
whose glucoses are in the target range most of the time, and only occasionally exceed it (ie,
with stress hyperglycemia or well-controlled DM),1331,1332

RCTs have shown that treatment with a basal prandial regimen using insulin

analogs improved glycemic control with fewer hospital complications in general

medical and surgical persons with T2D compared with sliding-scale regular insulin
alone,92:107,108,1333-1336 persongs with T1D should be treated with basal-prandial insulin
regimens to avoid severe hyperglycemia and DKA. In insulin-naive persons with T2D,

a starting insulin TDD between 0.3 and 0.5 units/kg/day is effective and safe in
thosewho receive care for general medicine and surgery. Persons with T2D receiving
insulin therapy before admission are at risk for severe hyperglycemia in the hospital if
insulin therapy is discontinued. Assessment of the need for modification of the home
insulinregimenis important as requirements varyaccordingto clinical stressors and altered
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caloric intake.105:1337 |_ower starting insulin TDD of 0.20 to 0.25 units/kg are recommended
in persons with impaired kidney function1338:1339 jn the elderly, and in those with poor
caloric intake.1339.1340 | addition, for persons whose glucose is controlled with insulinprior
to admission, reducingtheinsulin TDD by 20% to 25% is recommended for those with

poor caloric intake to avoid hypoglycemia in in the hospital setting,130 though persons
with uncontrolled DM may actually require higher doses. In a single-center RCT, the use

of correctional insulin sliding scales for bedtime hyperglycemia did not improve glycemic
control in persons with T2D.1341,1342

Several studies have compared different basal insulin formulations, including glargine U100,
insulin detemir U100, glargine U300, and degludec U100, with similar glycemic control
results.92:107.1343-1346 Ajthough some RCTs have shown similar glycemic control and lower
hypoglycemia with the use of insulin analogs'3%8 in low-resource settings, the use of NPH
may result in similar glycemic control, with minimally increased hypoglycemia,1347.1348
albeit with higher insulin dose and injections per day. However, the use of pre-mixed insulin
formulations (ie, 70/30) have resulted in significantly higher rates of hypoglycemia during
hospitalization and are not recommended.1349

Though effective, the basal-bolus regimen is labor intensive, requires several injections
per day, and is associated with risk of hypoglycemia, affecting up to 10% to 30%

of noncritically ill persons.102:1333 Several studies have been published on the use of
alternative approaches, aiming for a more personalized approach. Evidence suggests that
the best regimen should be individualized to achieve glycemic targets with the lowest risk
of hypoglycemia. Clinical judgment will guide the best plan, incorporating a person’s
comorbidities, severity and complexity of disease, life expectancy, severity of acute
hyperglycemia (ie, admission glucose), prior glycemic control (ie, A1C levels), and prior
antihyperglycemic regimen (insulin-naive vs insulin-treated persons).102:103,1266,1268

For noncritically ill persons with T2D and mild-to-moderate hyperglycemia (ie, admission
glycemia below 180 to 200 mg/dL),1266 the use of basal insulin plus correctional insulin
(basal-plus regimen),108 or basal insulin with DPP-4 inhibitors, or DPP-4 inhibitors plus
correctional insulin doses with rapid-acting insulin may provide equal glycemic control

to basal-bolus insulin.1350-1352 The basal-plus approach in an RCT resulted in similar
glycemic control compared with a standard basal-bolus regimel%8 and can be an effective
alternative with low insulin requirements, decreased oral intake, or when undergoing
surgery,1266,1353

Studies have assessed inpatient uses of noninsulin agents with low hypoglycemic risk
(DPP-4 inhibitors or GLP-1 RAs),1351,1352,1354-1358 These newer agents are not expected
to increase risk of lactic acidosis in ill persons (ie, unlike metformin) nor enhance

risk of hypoglycemia (ie, unlike SUs and similar secretagogues), or cause edema or

CHF (ie, unlike TZDs). Oral DPP-4 inhibitors have been tested in RCTs in medical

and surgical noncritically ill persons with mild hyperglycemia (admission glucose <180
mg/dL).1351.1354-1357 bpp_4 inhibitors combined with low-dose basal insulin have been
similarly effective to basal-bolus insulin and associated with less hypoglycemia and

less treatment burden,1351.1354-1357.1359 The yse of SGLT2is have not been evaluated in
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hospitalized persons. In ambulatory studies, these agents increased the risk of infections
(urinary, perineal), euglycemia DKA, acute renal failure, and hyperkalemia.”* The FDA
recommends withholding SGLT2is 3 to 4 days before surgery.1360 We do not recommend
SGLT2is in the hospital until further studies prove efficacy and safety, with the hypotheses
derived from ambulatory studies where SGLT2is decreased cardio-renal and HF outcomes
in persons with and without DM.%74 Hence, SGLT?2is added at discharge to appropriately
chosen persons who are stable may decrease clinical inertia and improve long-term
outcomes.

Hypoglycemia and Hospital Outcomes—Meta-analyses of RCTs have reported
increased risk ratio of 6 to 7.7 times for occurrence of hypoglycemia with intensive insulin
therapy vs conventional glycemic control in critically ill persons,1259.1361 with some studies
showing a risk ratio >10.1259 Inpatient hypoglycemia has been associated with higher rates
of hospital complications, longer hospital stays, higher health care resource utilization, and
increased hospital mortality, creating a J-shaped relationship between glucose levels and
death rates.1362.1363 BG <50 mg/dL was associated with 22.2% mortality compared with
2.3% without hypoglycemia.1384 Hypoglycemia is associated with adverse CV outcomes
such as prolonged QT intervals, ischemic electrocardiogram changes, angina, arrhythmias,
and death.1365 Despite these epidemiologic associations between hypoglycemia and poor
clinical outcomes, data demonstrating that insulin-induced hypoglycemia is the direct cause
of harm in hospitalized persons are sparse. The severity of hypoglycemia and not insulin
therapy, per se, is associated with increased risk of mortality in critically ill persons.1363
Hypoglycemia resulting from severe systemic illness (spontaneous hypoglycemia), rather
than insulin-induced hypoglycemia, is associated with increased risk of inpatient mortality
and complications.1366-1368 Hogpitals and hospital systems should implement nurse-driven
protocols for the management of hypoglycemia.1369-1372 These protocols should include
specific treatment options for different levels of hypoglycemia, with indications to repeat
treatment options within 15 minutes until resolution.

SUs may be associated with prolonged hypoglycemia, especially in persons with impaired
renal function. In some instances, individuals will present with hypoglycemia on admission
or mild hyperglycemia that rapidly results in hypoglycemia upon initiation of insulin therapy
in the hospital. With increased use of antihyperglycemic agents with prolonged half-life and
duration of action up to 5 to 7 days (glargine U300, degludec, dulaglutide, semaglutide,
long-acting exenatide), clinicians should be aware of potential prolonged glucose-lowering
effects of these agents, particularly in the setting of decreased oral intake, prolonged

fasting episodes, decreased renal function, or liver failure during hospitalization (expert
recommendations). Detailed medication reconciliation should occur upon admission to avoid
these situations and assist early discharge planning.

Some retrospective studies have demonstrated severe hypoglycemia inpersons with and
without DMtreated with IV bolus of insulin for hyperkalemia in the emergency room or
while hospitalized.1373.1374 The majority of these cases occur in persons with advanced
CKD, often requiring dialysis treatment. Rates of severe hypoglycemia events in ambulatory
persons with end-stage kidney disease on dialysis are 10-fold higher than among other
nondialysis persons with CKD and often associated with prolonged hypoglycemic episodes
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and poor response to regular hypoglycemia treatment.137> The most effective treatment is
prevention with modified hyperkalemia treatment protocols, using lower insulin doses (5
units vs 10 units) and coadministration of dextrose (25 to 50 g 1V).1376.1377 However,
this approach has not resulted in reduced rates of hypoglycemia in all studies, concluding
that frequent glucose monitoring for up to 6 hours is recommended after using IV insulin
to correct hyperkalemial376:1377 egpecially in persons at higher risk: without DM, with
previous use of insulin or glucose-lowering agents, with pretreatment normoglycemia or
mild hyperglycemia, or undergoing hemodialysis.13731374

Recommendations after Hospital Discharge—Persons with stress or hospital-related
hyperglycemia, defined as any BG concentration >140 mg/dL without evidence of

previous DM, should undergo A1C testing during admission or hospital stay.102:1276-1278
Measurement of A1C may differentiate persons with stress hyperglycemia from those with
previously undiagnosed DM, as well as identifying persons with known DM who will
benefit from intensified glycemic management. In the presence of hyperglycemia, an A1C
>6.5% suggests the diagnosis of DM. Because up to 40% to 50% of persons admitted with
stress-related hyperglycemia have confirmed DM at 1 year they should be closely monitored
after discharge.1378:1379 A systematic review of 18 studies (V= 111,078 participants) found
that the prevalence of DM after discharge was 4%, 12%, and 28% for persons with inpatient
normoglycemia (fasting <100 mg/dL and random <140 mg/dL), mild hyperglycemia (fasting
<126 mg/dL and random <200 mg/dL), and severe hyperglycemia (fasting >126 mg/dL and
random >200 mg/dL, respectively).1279

The transition of persons from the hospital to ambulatory or subacute settings is a high-
risk period for medication errors, but also an opportunity to improve glycemic control,
avoiding what is often termed clinical inertia.102:1285.1286,1380 persons should have careful
review of all prescribed medications to be taken post discharge and ideally have any
needed prescriptions filled prior to discharge. Discharge algorithms based on AL1C levels
provide discharge guidance for hospitalized persons.127> For persons with A1C <7% and
no hypoglycemia, it is recommended to restart prior ambulatory antihyperglycemic regimen,
unless a new clinical indication or new contraindications require other adjustment. It is
recommended to decrease (50% reduction) or stop SUs, aiming to reduce the risk of
hypoglycemia with a low admission A1C. For persons with admission A1C between

7% and 9%, modification or intensification of therapy is recommended, including adding
basal insulin, if clinically indicated. Addition of 50% of hospital dose of basal insulin is
suggested. In persons with A1C >9%, the addition of basal insulin at 80% of hospital dose
is suggested.1275 Recent evidence suggests that adding GLP-1 RAs at discharge to select
persons with uncontrolled T2D may result in better glycemic control, less hypoglycemia,
and weight loss compared with adding basal insulin.1381

With several newer antihyperglycemic agents showing benefits beyond glucose reduction
such as prevention of CV events or kidney disease progression, hospital discharge may

be an important opportunity to revise prior antihyperglycemic therapy. For instance, many
persons with T2D and underlying CVD admitted with CV event, HF, or kidney failure may
have indications to use SGLT2 inhibitors or GLP-1 RAs. However, the evidence is very
limited in the setting of acute illness. Trials of SGLT2 in the hospital and at discharge are
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ongoing.1382.1383 Starting SGLT?2is for hospitalized persons with HF is not recommended

at this time. There are limited studies assessing its efficacy or safety in hospitalized
persons.1384 | persons are stable and ready for discharge, starting these agents at discharge
and communicating with the patient’s primary clinician may represent a good opportunity to
avoid clinical inertia, with preliminary studies showing no adverse safety signals.1384

Glucose Monitoring in the Hospital—Bedside capillary POC testing is the preferred
method for guiding ongoing glycemic management of hospitalized persons.®® Some glucose
meters received approval for hospital use among persons in the ICU and non-1CU
setting.1385 It is recommended that all hospitals develop procedures for maintaining and
calibrating glucose meters in use.

POC testing is usually performed 4 times a day: before meals and at bedtime for persons
who are eating. For those who are not able to eat, have orders for holding food before
procedures or as part of therapy, or receiving continuous enteral nutrition; POC testing is
recommended every 4 to 6 hours. More frequent glucose monitoring is indicated in persons
treated with CSII or after a medication change that could alter glycemic control, such

as corticosteroid use, abrupt discontinuation of enteral or parenteral nutrition, or frequent
episodes of hypoglycemia. For inpatients with steroid-induced hyperglycemia or with
posttransplant diabetes receiving daily steroids, CGM studies have demonstrated that while
fasting glucose could be within range, hyperglycemia is mostly detected in the afternoon and
evening.1386

Prospective observational studies, using the current standard of care of checking capillary
glucose before meals and at bedtime, have shown that about 45% of persons experience
asymptomatic hypoglycemia events.1387.1388 Hence, current methods for monitoring
hypoglycemia in hospitals often fail to detect most hypoglycemic episodes, particularly
asymptomatic or nocturnal hypoglycemia, which may be the most dangerous episodes.1389
While still investigational, consensus guidelines and experts agree that CGM may better
detect and prevent hypoglycemic episodes.1390.1391 |nnovative methods, such as a “glucose
telemetry system”1392-1394 o1 other approaches using CGM may provide better glycemic
monitoring, including predictive tools or alarms before hypoglycemia occurs enabling
prevention. CGM in the hospital is not currently approved by regulatory agencies, with
ongoing validation studies.139% Research on implementing CGM targeting approval of some
devices for hospital use has been focused mostly on the ICU. Earlier devices were invasive
and required capillary glucose calibration. Hence, use was not widely adapted by clinicians
and hospitals, leading to lack of availability of these sensors at this time.13%0

During the COVID-19 pandemic, hospitals faced a critical need to minimize personnel
exposure and save personal protective equipment. Several hospitals implemented
emergency use, particularly of newer factory-calibrated CGM not requiring capillary
glucose calibrations, for persons in ICU and non-1CU medical and surgical
settings.1266,1389,1390,1396,1397 5ome studies have shown potential improvements in
detection of glycemic excursions and prevention of hypoglycemia, specifically with the use
of glucose telemetry systems.1392-1394 However, there are no intervention studies showing
benefits of CGM to adjust therapy. While expert consensus expects CGM in hospitalized
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persons to improve detection of glycemic excursion and overall glycemic control,153:1390
CGM remains investigational in the hospital. 13981399

With proper protocols in place, persons previously using CGM can be allowed to

continue using their devices during hospitalization, unless clinically not appropriate,153.1390
Given limited approval from regulatory agencies of CGM devices, adjustment of
antihyperglycemic therapy should be performed with the use of hospital-calibrated glucose
meters, per local hospital policies. CGM values outside the desired range, specifically
hypoglycemia (BG <70 mg/dL or <54 mg/dL), should prompt nursing notification by

the patient to be confirmed with hospital-calibrated glucose meters. The implications of
these hospital policies are unknown when applied to SAP therapy or AID systems (eg,
HCL systems, artificial pancreas devices), since the insulin pump uses glucose information
received from the CGM without information from POC testing or direct interaction with a
practitioner.153

MNT for Persons in the Hospital Setting—MNT is an essential component of
inpatient glycemic management in persons with DM and hyperglycemia. The goals of
inpatient MNT for persons with DM are to help optimize glycemic control, provide
adequate calories to meet metabolic demands, address individual needs based on personal
food preferences, and provide a discharge plan for follow-up care. Most hospitalized
persons require 25 to 35 calories/kg/day; critically ill persons require between 15 and

25 calories/kg/day.1400-1405 This translates to a diet containing approximately 1800 to

2000 calories/day or about 200 g of carbohydrate per day divided between meals.

Care must be taken not to overfeed hospitalized persons because this may exacerbate
hyperglycemia. No single meal-planning system is ideal for hospitalized persons. However,
hospitals should provide a consistent carbohydrate DM meal-planning system,1400.1402-1405
The carbohydrate components of breakfast, lunch, dinner, and snacks may vary, but the
day-to-day carbohydrate content of specific meals and snacks should be kept constant.
Persons requiring clear or full liquid diets should receive about 200 g of carbohydrate

per day in equally divided amounts at meal and snack times. Persons on liquid diets, in
particular during the perioperative period, do not meet these nutritional needs. Increasing
evidence indicates that a person’s food intake should be initiated as quickly as possible
with progression from clear liquids to full liquids to solid foods as rapidly as tolerated
postsurgery.1402-1406 Early enteral feeding is safe and well tolerated and is associated with
reduced wound morbidity, improved wound healing, fewer septic complications, diminished
weight loss, and improved protein kinetics.1496 Among persons in the ICU, the use diabetes-
specific formulas improved glycemic control, decreased insulin requirements, and risk of
infections relative to the standard formulas.1407

Question 16: How should DM in pregnancy be managed?

Recommendation 16.1—For women with GDM, the following treatment goals are
recommended: preprandial glucose concentration <95 mg/dL and either a 1-hour postmeal
glucose <140 mg/dL or a 2-hour postmeal glucose <120 mg/dL to decrease adverse fetal
outcomes.

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 108
Grade C; BEL 4 and expert opinion of task force

Recommendation 16.2—All women with preexisting DM (T1D, T2D, or previous
GDM) need access to preconception care and counseling to ensure adequate nutrition,
healthy weight, and glucose control before conception, during pregnancy, and in the
postpartum period.

Grade B; BEL 2

Recommendation 16.3—Rapid-acting insulin analogs (insulin-lispro, insulin-aspart)
should be used to treat postprandial hyperglycemia in pregnant women.

Grade B; BEL 1

Recommendation 16.4—Options for basal insulin include long-acting insulin (eg, NPH,
detemir, or glargine) or rapid-acting insulin via a CSIl. Regular insulin, although not
recommended as first-line therapy, is acceptable to use in managing pregnant women with
DM when rapid-acting insulin analogs are not available.

Grade B; BEL 1

Recommendation 16.5—Insulin is the preferred therapeutic choice for pregnant women
with GDM or T2D, but metformin has been given a category B for pregnancy with
accumulating clinical evidence of metformin's safety during the first trimester and beyond.
Metformin has been shown to improve pregnancy and fetal outcomes except for increased
rates of infants with SGA and later onset of obesity. The prescriber should discuss the
potential risks and benefits of oral agent therapy during pregnancy as well as the need for
longer-term outcome studies.

Grade B; BEL 1

Evidence Base 16: How should DM in pregnancy be managed?

Abnormal glucose tolerance develops at higher rates and at younger ages among offspring of
women with DM. A 2021 study examining the trends in GDM from 2011-2019 suggested
that the rates of GDM have increased across all racial and ethnic subgroups.1498 Maternal
DM is one of the strongest risk factors for the development of T2D among children,1409-1411
By the time these offspring reach childbearing age, they are very likely to be obese and have
DM, thereby perpetuating a vicious cycle with significant implications for public health and
health care costs.1411 That this is not simply a genetic predisposition is inferred from the
finding of lower rates of DM in offspring of women who were born before their mothers
developed DM412; this is true among sibling pairs whose birth dates straddle the onset

of their mother’s DM.1499 Thus, all women with DM in childbearing years should have
preconception care and guidance to target an A1C level of <6.5%.75.1413-1417

The HAPO study confirmed findings in Pima Indians49? that, even among offspring of
women without GDM as it is currently defined, there is a linear association between
maternal glucose concentration during pregnancy and newborn weight, rates of large-for-
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gestational-age, and cesarean delivery.541418-1421 DM during pregnancy and even maternal
obesity itself1418 set the stage for a vicious cycle with offspring of mothers with DM during
pregnancy being more likely to become obese and to develop DM at younger ages.1420
Maternal DM and obesity, although major risk factors for the metabolic health of the
offspring, are not the only factors at play in the early stages of childhood that can have
lasting adverse effects on offspring. Both low and high birth weight are associated with
higher rates of DM.1421 Abnormal birth weight directly affects the offspring and leads to
higher rates of GDM eventually in the offspring, thereby compounding the vicious cycle.
Early diagnosis and treatment of DM, careful preconception care and guidance for women
with DM or at risk for GDM, and meticulous control of glucose abnormalities throughout
pregnancy are currently our best hope to break this perpetuating cycle.871422.1423

Thus, women with risk factors for DM (Table 5) should be screened at the first prenatal

visit for undiagnosed T2D using standard criteria (Table 4), and all pregnant women without
a prior diagnosis of DM should be screened for GDM with a 2-hour OGTT using a 75-¢
glucose load or a 2-step 1-hour/3-hour OGTT at 24 to 28 weeks’ gestation.831424 Glucose
criteria diagnostic for GDM are an FPG >92 mg/dL, 1-hour postglucose challenge value
>180 mg/dL, or 2-hour value 2153 mg/dL.5°

For women with GDM, glucose should be managed with the following treatment goals:
preprandial glucose concentration <95 mg/dL and either a 1-hour postmeal glucose <140
mg/dL or a 2-hour postmeal glucose <120 mg/dL to decrease fetal macrosomia. However, no
controlled trials have been performed to identify ideal glycemic target beyond the outcome
of macrosomia, and the majority of the studies are extrapolated from T2D in pregnancy vs
GDM data,122.1425,1426

Maternal diet modification and control is the initial intervention for a new diagnosis of
GDM. Referral for nutrition counseling or meeting with a certified diabetes educator to
discuss label reading, carbohydrate counting, and meal splitting is recommended. While
initial treatment of GDM involves modifying maternal diet, if medication is needed beyond
diet control, split dosing with long-acting and rapid-acting insulin is recommended. First-
line therapy for GDM involves using NPH, detemir, or glargine; regular insulin is considered
for treatment if long-acting insulin analogs are not available.1427-1429 Fyrthermore, while
insulin is the recommended therapy, if not available or if unable to safely initiate, oral agents
such as metformin or glyburide have not shown increased adverse pregnancy outcomes

and therefore can be considered.1430-1435 |f concerns for postprandial hyperglycemia occur,
rapid-acting insulin and analogs are recommended. 7:1436-1438

In T1D, optimal care may necessitate CGM and CSI| utilization (often already in use

given the longevity of the disease). Rapid-acting insulin analogs for pump therapy that

have been studied in pregnancy include lispro and aspart.143%-1442 Data that detemir is safe
in pregnancy are convincing.1443-1446 Glargine is widely used; however, there are still no
conclusive reports on its safety as performing an RCT in pregnant persons with T1D has its
own challenges. Discussion for women with glargine should include considering maternal
risks vs fetal benefits and understanding that drug studies can clearly demonstrate concern
when abnormal fetal outcomes are above the baseline population risk (1% to 2%). When that
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is not present, it is unclear whether documented fetal abnormalities are due to the drug or
baseline population rate. Therefore, if glargine has been successful in maintaining a person
with T1D in a euglycemic state, potentially changing medication in pregnancy and altering
maternal blood sugar levels is riskier than fetal risk.

Insulin is the preferred treatment for women with pregnancy and DM. For those with

GDM or pregestational T2D, and insulin is inaccessible, metformin and glyburide may be
alternative options. The prescriber should discuss the potential risks and benefits of oral
agent therapy during pregnancy as well as the need for longer-term outcome studies.1447.1448

Finally, women with GDM specifically need to have appropriate postpartum follow-up with
a 2-hour OGTT within 6 weeks of delivery and referral to primary care for appropriate
monitoring for T2D development.

Section 4: Select Additional Topics on Education, Nonpharmacologic

Components of a Care Plan for Children and Adolescents, Male and Female

Infertility, Secondary Diabetes, Posttransplant Diabetes, Sleep Medicine,

Depression, SDOH, Virtual Health, Occupational Safety, Nutritional

Supplements, Cancer Risk, and Vaccinations

Question 17: What education interventions have been shown to be most effective in
management of persons with DM?

Recommendation 17—Comprehensive individualized DSMES is recommended at the
time of DM diagnosis and subsequently as appropriate. Therapeutic lifestyle management
must be discussed with all persons with DM or prediabetes at the time of diagnosis and
throughout their lifetime. This includes MNT (with reduction and modification of caloric
and fat intake to achieve weight loss in those who are overweight or obese), appropriately
prescribed physical activity, avoidance of tobacco products, and adequate sleep quantity
and quality. Additional topics commonly taught in DSMES programs outline principles of
glycemia treatment options; BGM; insulin dosage adjustments; acute complications of DM;
and prevention, recognition, and treatment of hypoglycemia.

Grade A; BEL 1

Evidence Base 17: What education interventions have been shown to be most effective in
management of persons with DM?

DSMES is an ongoing educational program that imparts skills and knowledge needed

for DM self-care throughout the life span.?97 In a disease that is largely self-managed,
DSMES includes nutrition, physical activity, and an understanding of treatment relevant to
glycemic control, knowledge regarding the natural history of DM, and measures to prevent
cardiometabolic and microvascular disease outcomes. Evidence indicates that DSMES
imparts enhanced knowledge of DM and self-care practices resulting in improved A1C
values,909.912,1449-1451 mqadest reductions in weight, better QoL ,912:1451.1452 and |ower
mortality risk,1423 while at the same time leading to a reduction in health care costs.1454.1455
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In a systematic review, patient education for those with DM has been suggested to be both
cost-effectivel456.1457 a5 well as to reduce complications and overall mortality,1458.1453

A personalized educational approach to persons with DM, leveraging members of a
multidisciplinary team, will lead to greater self-management skills.1459-1463 \When designing
a patient education program, one should consider individual preferences and needs, social-
educational status, health literacy, and learning barriers along with the types of locally
available resources. The frequency and intensity of education are based on the natural
history of the DM and particular situations such as pregnancy, CVD, initiation of insulin, or
intensive insulin therapy incorporating pump or sensor technology. The National Institutes
of Health1464 and AACE disease state resources provide useful online resources and
education.

Patient education has proven to be effective for persons with T1D and T2D909.1465 across a

variety of ages, 1466 in rural1467.1468 and urban settings,459 individually or in groups, 470 as
well as across cultures and ethnicities,2251471-1473 particularly if cultural and psychosocial

issues are addressed.906:1474,1475

Patient education can be successful in many formats including individual sessions, group
sessions, 1476 telephone or video,1456:1469.1477.1478 and computer-based programs.1479.1480
Internet-based DSMES services and telemedicine approaches for DM prevention and

the management of T2D management have also been shown to be effective 1481-1484
Digital enhancement of patient education curriculum via online formats, social media, and
gamification has the potential to increase access to and engagement with DSMES,1485-1487

Members of the DM educational team can include nurses,1488.1489 dietitians, and
pharmacists.1490.1491 | addition, nonmedical colleagues such as patient peersl492 or
community health workers493-1495 may also contribute to self-efficacy of a person with
DM. A CDCES, after fulfilling eligibility criteria and passing the certification exam,14% can
be a critical member of a DM education program with their educational expertise as well as
real-world knowledge of DM management. The goal is to improve a person’s knowledge

of DM as well as their competency in DM self-management. Efforts to continually

engage persons with DM may help sustain the outcomes achieved by the initial structured
educational program.1497

Question 18: What are the key nonpharmacological components of a comprehensive
diabetes care plan for children and adolescents?

Recommendation 18.1—T1D and T2D in children and adolescents should be managed
in close consultation with the patient and their family members, involving school and
daycare personnel whenever possible.

Grade B; BEL 2

Recommendation 18.2—It is recommended that all children and adolescents with DM
should be given age and culturally appropriate education and guidance for physical activity
and lifestyle modification.
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Grade A; BEL 1

Recommendation 18.3—Interventions by family and/or community are recommended
to improve dietary behavior and increase physical activity in efforts to prevent childhood
obesity and T2D (Grade A). Game-based interventions also can be incorporated to enhance
healthy lifestyle habits (Grade B).

BEL 1

Recommendation 18.4—Routine psychological assessment with consideration of family
stressors and psychosocial factors that may impact glycemic control is recommended for all
youth with DM.

Grade A; BEL 1

Recommendation 18.5—With the risk of glycemic control worsening during
adolescence, coordinated, individualized, planned transition from pediatric to adult DM care
is recommended for all adolescents.

Grade A; BEL 1

Evidence Base 18: What are the key nonpharmacological components of a comprehensive
diabetes care plan for children and adolescents?

Parental involvement in DM care and monitoring has been shown to improve
adherencetotreatmentplans as wellasglycemiccontrol in childhood,1498-1500 and parental
support through adolescence has been shown to improve DM outcomes.1501 Similarly,
because many children spend large portions of their day at school or in daycare, it

is essential to communicate and coordinate with school personnel and other childcare
providers to optimize glycemic control,1501.1502

Improvement in fitness and/or diet correlate with improvement in glycemic control in youth
with T2D. The largest study of youth with T2D, TODAY (Treatment Options for Type 2
Diabetes in Adolescents and Youth) clinical trial, demonstrated that achieving a healthy
lifestyle in this age group is challenging, 1293 but when successful, it results in decreased
A1C and homeostatic model assessment for insulin resistance.1% More data are needed

to determine optimal interventions for these positive lifestyle changes. In T1D, though
physical activity may not improve glycemic control, it is important for preventing obesity
and building healthy habits for adulthood and is an integral part of a diabetes care plan when
coupled with hypoglycemia avoidance strategies.1902

DM care providers for children and young adults must recognize the prevalence of mental
health disorders in this population as well as the impact of psychological concerns on
glycemic control.1505 It is important that care providers understand normal cognitive and
psychological development in youth as well as signs of mental illnesses such as depression/
anxiety, eating disorders, and substance use disorders in children and young adults. Targeted
depression-prevention programs with DM specific content have been shown to reduce DM
distress and depression among youth with T1D compared with advanced DM education
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alone.1506 Mental health professionals should be included in the care team when needed for
appropriate support,1498.1507,1508

Childhood obesity is a primary contributor to the development of T2D in children and
young adults. Family-based interventions such as nutrition counseling with psychological
support and more frequent family meals have been shown to be effective in obesity
prevention.1509-1513 |nadequate sleep duration is an important contributor to childhood
obesity.1514

Physical activity improves BMI in overweight and obese children.1515:1516 Games used

to increase physical activity and increase nutritional knowledge have been effective.1517
Exergaming interventions at home and at school have been shown to increase physical
activity in children and to improve BMI z-score and cardiometabolic parameters,1518-1520
There is evidence that community programs involving cross-age peers can be effective at
delivering nutritional interventions'52! and in reducing BMI,1522 particularly in low-income
or minority populations.

Although before and after-school interventions to increase physical activity in school-

age children and adolescents have been effective in improving BMI and preventing
obesity,1523.1524 regylts from in-school nutrition and lifestyle education programs have been
inconsistent.1525-1531 gyich interventions may be more effective when combined with family
and community involvement,15251532,1533

There has been considerable interest in transitional care from pediatrics to adult care for
persons with DM. Glycemic control has been shown to worsen during transition from
pediatric to adult care for persons with T1D and T2D.1534.1535 There is strong consensus
that an organized, planned process is necessary to appropriately transition persons from
pediatric to adult DM care. However, due to limited studies there is insufficient evidence to
support a particular transitional care model.1536-1541 Transitional care models may vary with
respect to type of multidisciplinary staffing, separate vs joint clinics with pediatrician and
adult physician, individual vs group education approaches and many other variables. Since
no particular approach to transition has been found to be superior, more studies are needed
to identify the most effective transitional care model.

Question 19.1: Should persons with infertility be screened for DM?

Recommendation 19.1—Men and women undergoing investigation for infertility and
preparation for infertility interventions, including in vitro fertilization, should be screened
for DM.

Grade B; BEL 2

Question 19.2: How should persons with preexisting DM and infertility be evaluated?

Recommendation 19.2—For all persons with DM and possible infertility, in addition to
routine endocrine evaluation, further collaborative consultation with a reproductive specialist
should be considered. For women with T2D and infertility, or those with T1D who desire

to preserve or estimate their fertility, anti-Mullerian hormone and midluteal progesterone
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levels may be assessed and screened for ovulatory dysfunction including anovulation. For
men with DM and infertility, a standard semen analysis may be assessed, and an endocrine
evaluation be initiated.

Grade B; BEL 2

Question 19.3: Should men with DM and cardiometabolic disorders be assessed for
hypogonadism?

Recommendation 19.3—All men with CMD including prediabetes, metabolic syndrome,
obesity, and T2D should be assessed for hypogonadism by history and physical examination;
test for testosterone deficiency in persons with loss of libido and/or loss of muscle strength
or mass, erectile dysfunction, osteopenia, or infertility.

Grade B; BEL 1

Evidence Base 19:

19.1 Should persons with infertility be screened for DM?
19.2 How should persons with preexisting DM and infertility be evaluated?
19.3 Should men with DM and cardiometabolic disorders be assessed for hypogonadism?

Many persons with infertility have not had appropriate evaluations for underlying medical
causes. Men and women with undiagnosed, untreated, or undertreated DM may have higher
rates of infertility. For those diagnosed with DM, it also is important to emphasize that
appropriate glycemic control is the best way to safeguard current and future fertility,

and preconception care is essential for improved pregnancy outcomes.1542:1543 Desired
outcomes of fertility treatments may be reduced in persons with undiagnosed controlled
DM. Since infertility treatments are also resource intensive, it may be prudent to screen for
DM universally in persons seeking evaluation for infertility.1544

Men with DM (T1D or T2D) have higher rates of infertility and a reduced number

of offspring (T1D). 1945-1548 |GT also is present in a significant proportion of

men undergoing investigation for primary infertility.154% The presence of metabolic
syndrome components has been associated with poor sperm morphology and erectile
dysfunction.1259 Hyperglycemia has been shown to impair gamete number and competency
oligoasthenospermia) as well as erectile and ejaculatory function.1551 DM is associated
with worsened sperm quality including decreased concentration, progressive motility, and
sperm morphology.1246 The molecular mechanisms that underlie these findings are not fully
understood. There may be impaired sperm mitochondrial function in men with T1D and
epidydimal dysfunction.1546:1552 For men with T2D, semen analysis can display findings of
increased oxidative stress.1>46 Men with DM also may have lower testosterone levels due to
decreased hypothalamic gonadotropin-releasing hormone drive and/or damage to the testes.
Initial investigation can include semen analysis and an endocrine evaluation for secondary
hypogonadism and/or secondary hypothyroidism,1547,1553-1556
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There appears to be a higher likelihood for undiagnosed hyperglycemia in those

seeking fertility.1557 In preclinical or animal models, hyperglycemia can impact oocyte
competence by known and unknown mechanisms.1958:1559 | addition, women with DM
may have higher rates of ovulatory dysfunction including hypothalamic hypogonadism.1560
Womenwith autoimmune DM may be especially prone to accelerated oocyte atresia and
early menopause, 1261 which may be one explanation for decreased numbers of offspring
of women with T1D compared with controls or unaffected siblings, 1248 especially for
those with earlier childhood onset. Women with T1D with hyperglycemia may also

have hypothalamic-pituitary-gonadal axis dysfunction, which can contribute to oligo- or
amenorrhea.1%62 [nitial investigations include measurement of anti-Miillerian hormone
and midluteal progesterone levels.1963.1564 Collaboration with a reproductive specialist is
recommended to discern risk factors for infertility.

There is a significant knowledge gap regarding the impact of pharmacologic treatments for
DM on gamete health, fertility, and pregnancy as well as for reproductive technologies.165
Current data do not allow us to determine which treatments for DM could preserve or
compromise fertility.

An additional consideration is that men with CMD, whether characterized by prediabetes,
metabolic syndrome, obesity, or T2D, are at increased risk of hypogonadism and
testosterone deficiency.1566-1569 Testosterone may impair gonadotropin secretion and result
in impaired spermatogenesis.1®70 Furthermore, testosterone replacement improves glycemia,
dyslipidemia, hepatic steatosis, body composition, and CVD risk and also prevents
progression from prediabetes to T2D.1571-1574 Therefore, it is important to screen for and
treat hypogonadism and testosterone deficiency in men with CMD and ABCD.

Question 20.1: How should persons at risk for secondary diabetes be assessed?

Recommendation 20.1—Persons withrisk factors for developing secondary diabetes,
such as postorgan transplantation, cystic fibrosis, chronic pancreatitis/postpartial
pancreatectomy, or on medication associated with hyperglycemia, should be monitored
routinely for IFG, IGT, and/or overt DM.

Grade A; BEL 1

Evidence Base 20.1: How should persons at risk for secondary diabetes be assessed?

Common forms of secondary diabetes include posttransplant diabetes (PTDM), cystic
fibrosiserelated diabetes (CFRD), pancreatogenic diabetes (type 3c), and diabetes associated
with certain medications such as corticosteroids, protease inhibitors, and, most recently,
immune checkpoint inhibitors. These conditions have unique pathophysiologic mechanisms
with associated risk factors such as genetic (human leukocyte antigen typing, family
history), clinical phenotypes (overweight/obese), or medication-related disruption of normal
glucose metabolism. Others are related to underlying primary disease process, such as
cystic fibrosis, resulting in a loss of pancreatic function. Similarly, diabetes related to
chronic pancreatitis or postpartial pancreatectomy is a common complication, with one
meta-analysis demonstrating an incidence of up to 77% after distal pancreatectomy.157°
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The risk factors for PTDM are similar to those for T2D, particularly with demographics,
and obesity1576-1578 with the additive effects of immunosuppressive medications resulting
in insulin deficiency as well as insulin resistance. Other more unique risk factors

in this population include genetic polymorphisms, polycystic kidney disease, hepatitis

C, and cytomegalovirus status.1579-1581 Of the various immunosuppressive agents,
belatacept1582.1583 gppears to be the least diabetogenic and tacrolimus having the highest
risk for PTDM.1584-1590 Electrolyte abnormalities such as hypomagnesemia may also add
to the risk.1588 It is still unclear if steroid-sparing regimens decrease the risk of PTDM
with studies showing mixed results.1591-1595 Other immunosuppressive therapy associated

with a lower risk of PTDM include antithymocyte globulin and Interleukin 2 receptor
antagonists. 1583.1589,1596,1597

Early screening and diagnosis are important as PTDM is associated with increased adverse
outcomes in persons with transplant,1598.1599

An increasing body of new literature points to the association of immune checkpoint
inhibitors with new-onset hyperglycemia and DM. At this time, most of the literature is

in the form of case reports demonstrating hyperglycemia, new-onset diabetes, and DKA,
either with or without autoimmune markers of T1D,1579.1600-1605 presentation may range
from mild hyperglycemia to frank DM, ranging from 1% to 6%.1606.1607 Therefore, persons
on immune checkpoint inhibitor therapy should be monitored closely for early detection and
therapy for hyperglycemia and the long-term development of DM.

Corticosteroids and protease inhibitors (anti-retroviral agents) also cause insulin resistance
and IGT and are strongly associated with secondary DM.1608-1611 Wjjth all these secondary
causes of hyperglycemia, a high index of suspicion is necessary to screen for both fasting
and postprandial hyperglycemia to diagnose new onset of DM.

Question 20.2: What are the best treatment strategies for management of secondary
diabetes, such as posttransplant diabetes, cystic fibrosis—related diabetes, and other
forms of secondary diabetes?

Recommendation 20.2.1—Select treatment for secondary DM based on the underlying
pathophysiology. Insulin therapy is safe and effective, but alternative glucose-lowering
agents may be considered in specific patient populations.

Grade A; BEL 1

Recommendation 20.2.2—DPP-4 inhibitors can be safely used to improve glycemic
control for posttransplant diabetes.

Grade A; BEL 1
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Evidence Base 20.2: What are the best treatment strategies for management of secondary
diabetes, such as posttransplant diabetes, cystic fibrosis—related diabetes, and other
forms of secondary diabetes?

Treatment strategies vary based on the etiology of the secondary DM. Other than PTDM,
clinical trials for specific therapies for the various forms of secondary DM have been
limited in size and scope. In any secondary DM with obvious insulin deficiency or diabetic
emergencies such as hyperosmolar hyperglycemic syndrome or DKA, insulin is the primary
therapy. Insulin therapy is efficacious in all forms of secondary DM.

There is limited evidence to support any particular non-insulin therapy in secondary
DM. There are several studies on PTDM and oral antihyperglycemia agents, including
repaglinide, DPP-4 inhibitors, and pioglitazone.1612 In particular, DPP-4 inhibitors have
been studied the most in several RCTs of persons with kidney transplant and have

been shown to be safe and efficacious.1612-1614 The choice to use immunosuppressive
agents is also a consideration in both prevention and management of PTDM. Use of
antithymocyte globulin, belatacept, and minimization or elimination of tacrolimus in the
immunosuppressive regimen has been shown to reduce hyperglycemia and new onset
PTDM.1590.1615.1616 5G| T2is are emerging as a potential option for PTDM and have
demonstrated safety and efficacy.1612.1617-1619

Studies on intensive lifestyle intervention for secondary DM are limited. However, one
prospective study demonstrated a beneficial role of lifestyle intervention in persons with
transplant.1620

Studies on CFRD are small and limited. In a 24-month RCT of newly diagnosed CFRD,
repaglinide was demonstrated to be equivalent to insulin.1621 However, insulin remains the
most common therapy for CFRD, particularly when corticosteroid therapy is also used for
CF management.

Question 21: What is the role of sleep medicine in the care of persons with DM?

Recommendation 21.1—Health care professionals should assess persons with T2D for
symptoms and signs of OSA, especially in the presence of obesity or suggestive clinical
features of OSA.

Grade B; BEL 2

Recommendation 21.2—Based on resources available locally, persons suspected to have
OSA should be referred to an appropriate center for diagnosis and management of OSA.

Grade B; BEL 4 and Expert Opinion of Task Force

Recommendation 21.3—Wkeight loss is recommended as the predominant intervention to
improve both OSA and insulin sensitivity. In addition, devices that provide positive airway
pressure as prescribed by a sleep specialist are effective.

Grade A; BEL 1
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Evidence Base 21: What is the role of sleep medicine in the care of persons with DM?

The National Sleep Foundation622 recommends an average of at least 7 hours of sleep

for adults =18 years of age. Chronic inefficient sleep duration has been reported to be
associated adversely with obesity, DM,1623 hypertension, CVD, and increased mortality.
OSA is prevalent in persons with T2D (58%-77%) and even higher (86%) in those with both
T2D and obesity.1624

The American Academy of Sleep Medicine recently emphasized the detrimental effects

of sleep disorders and the importance of sleep education and routine screening for sleep
disorders by health care professionals as strategies for optimizing healthy sleep.1625
Screening in the office should assess for symptoms associated with OSA such as snoring,
apnea or choking during sleep, unrefreshed sleep, excessive daytime sleepiness, or fatigue,
especially in overweight or obese individuals with DM. Some clinics have supplemented
clinical screening with the use of home oximetry. Clinical screening with a tool such as the
STOP-Bang questionnaire can be augmented with home sleep apnea testing depending on
available resources.1626.1627

Treatment of OSA in persons with prediabetes and DM with continuous positive airway
pressure (CPAP) improves OSA symptoms.1623.1628-1631 \Aeight loss whether via lifestyle
intervention or pharmacologic approaches also has been shown to result in improvements
of OSA,1628-1630,1632-1636 From Sleep AHEAD study data, intensive lifestyle intervention
resulting in weight loss had a greater impact on the apnea-hypopnea index and OSA
remission than standard DMsupport and education, and this wassustained at 10 years.1635

The effects on A1C are more variable with one study suggesting that despite improvements
in insulin resistance, CPAP treatment of OSA does not necessarily improve A1C.1637
However, a 2021 meta-analysis found that in adults with T2D and OSA, treatment with
CPAP resulted in significant improvement in A1C.1638 More consistently, weight loss was
independently reported to improve both sleep apnea and A1C in those with T2D.1634

Question 22: Should screening for depression be a routine component of clinical
assessment in persons with DM?

Recommendation 22—Routine screening of adults with DM for depression and DM
distress is recommended during each clinic encounter, if appropriate. Referral to mental
health professionals should be made as soon as possible once depression is suspected or
diagnosed.

Grade A; BEL 1

Evidence Base 22: Should screening for depression be a routine component of clinical
assessment in persons with DM?

Depression is highly prevalent in those with T2D and if untreated, can be associated

with poor adherence to lifestyle and medical regimens and potentially lead to more CVD
and other DM-related complications.1639.1640 DM-related distress, anxiety, subthreshold
depression, having more than 3 chronic diseases and having stressful life events can predict
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depression and should trigger screening with effective tools like the WHO Wellbeing Index
(WHO-5), the Patient Health Questionaire-9, or the Beck Depression Inventory |1.1641-1644
For DM distress, The Problem Areas in Diabetes Scale and the Diabetes Distress Scale are
available.1643 Screening for and treatment of depression among persons with DM has been
associated with reduction in DM comorbidities and better outcomes for glycemic control
and DM complications,1645-1648

Cognitive behavioral therapy delivered by trained mental health personnel, either face to
face or through virtual web-based media, is effective in reducing depression and improving
self-care and DM outcomes,1645-1647,1649,1650 A|though chronic use of antidepressant
medication has been associated with a modestly increased relative risk of T2D, this may
reflect the association of DM with depression rather than an adverse effect of these
agents.1651.1652 gelective serotonin reuptake inhibitors (SSRIs) appear to improve glycemic
outcomes independent of their effect on depression or weight.1653 Treatment of depression
with SSRIs among persons with DM has been associated with weight reduction in some
reports.1654.1655 These interventions for depression were most effective when combined with
exercise and DM education in several RCTs.1647.1656,1657

Question 23: Is the evaluation of SDOH in persons predisposed to or with DM useful in
improving health outcomes?

Recommendation 23—Clinicians should assess SDOH in persons with DM to better
guide them to the most appropriate resources. Interventional trials addressing SDOH and
health inequities in DM are needed to evaluate reversibility of their impact.

Grade B; BEL 1

Evidence Base 23: Is the evaluation of SDOH in persons predisposed to or with DM useful
in improving health outcomes?

Considering only biologic variables of DM may result in partial understanding of the
etiology of DM outcomes. In addition to assessing biologic variables of a disease, evaluation
of SDOH will lead to a greater contextual understanding of the natural history of disease.
SDOH are the conditions in which people are born, grow, live, work, and age. These
circumstances are shaped by the distribution of money, power, and resources at global,
national, and local levels. The SDOH are mostly responsible for health inequitiesdthe unfair
and avoidable differences in health status seen within and between countries.1658 The World
Health Organization lists the following examples of SDOH:

1. Income and social protection

2. Level of education

3. Unemployment and job insecurity

4, Working life conditions

5. Food insecurity

6. Housing, basic amenities, and the environment
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7. Early childhood development

8. Social inclusion and nondiscrimination

9. Structural conflict

10.  Access to affordable health services of decent quality

Socioeconomic factors have been associated with poor lifestyle practices like physical
inactivity and smoking.1659 Research shows that social determinants can be more important
than health care or lifestyle choices by themselves in influencing health outcomes. For
example, numerous studies suggest that SDOH account for between 30% to 55% of

health outcomes.1660 Those persons with lower socioeconomic status have a higher risk

for developing T2D, worse DM control, and more DM-related complications.1661-1663 For
example, lower socioeconomic status has been associated with increased risk of developing
DKA in T1D1664 and diabetic retinopathy in T2D.1665 |n addition, estimates show that the
contribution of sectors outside health to population health outcomes exceeds the contribution
from the health sector.1666 A study looking at food insecurity among Latinos with T2D
reported decreased sleep quality attributed to anxiety, depression, and DM distress from food
insecurity.1667 Job-related insecurity was associated with diabetic retinopathy in T2D.1665
The increased prevalence of DM among Native Americans is well known and attention must
be paid not only to biologic causes and medical management but also to sociocultural and
environmental factors.1668

Various interventions with specific strategies targeting the underlying disparities resulting
from social factors have been shown to be effective in reducing the burden posed by
SDOH.1669.1670 Recognition of SDOH and engaging community stakeholders and resources
may result in lower-cost programs to improve metabolic health. Once disparities and adverse
SDOH are apparent, connecting impacted persons with DM to appropriate community
resources that address housing, nutrition, and health care access should be helpful.

This should result in a public health societal approach in addition to medical-biological
approaches.1669

There are inadequate equity-related considerations in DM trials limiting the relevance
and applicability of their data to disadvantaged populations.1671 Targeted recruitment and
explicit focus on SDOH and health inequities are recommended to close this gap.1672

Question 24: Is telehealth/virtual care an effective care-delivery model for the management
of persons with DM?

Recommendation 24—Offer telehealth, if available and appropriate, to persons with DM
as part of their wholistic health care.

Grade A; BEL 1

Evidence Base 24: Is telehealth/virtual care an effective care-delivery model for the
management of persons with DM?

With globally expanding access to virtual platforms, telehealth is becoming a mainstream
component of health care delivery. Mobile applications, web-based interventions, virtual
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coaching, and other electronic tools have been shown to improve DM self-management.153
While DM consists of multiple complex factors, each of which could be amenable to
different technological approaches, the focus of this discussion is consideration of the
outcome of improved glycemic control.

With respect to glycemic control, telehealth appears noninferior (as good or superior) to
traditional health care delivery for persons with T1D or T2D, particularly in those who
require more interactions, are newly diagnosed, have higher A1C levels, are diagnosed with
GDM, or have other comorbid conditions.1673-1681 Telehealth may reduce the incidence of
hypoglycemia.1682 The virtual care approach appears to be effective across age or racial
lines.1683

Telehealth also allows for integration of a multidisciplinary team, which could include

nurses, pharmacists, dieticians, and other health care professionals, for an individual’s health
care,1684-1686

Telehealth appears to be cost-effective and is likely to be even more economical in the
future. Incorporation of automated recommendations regarding dosing of one’s insulin or
antihyperglycemic medications will further enhance economies of scale,1687-1691

Future research is needed to determine the impact of the interplay between an individual’s
preference of platform and type of health care delivery (telehealth vs hybrid vs traditional
models). Beyond improvement in glycemic control, there may be additional benefits of
improved adherence, improvement in comorbid conditions, and reduced cost of health care
per person.

For information on incorporation of DM technology into one’s practice, please refer to the
2021 AACE Advanced Diabetes Technology Guideline.123

Question 25: Which occupations have specific public safetyerelated diabetes management
considerations?

Recommendation 25—Persons with DM who are engaged in occupations with

public safety implications, such as commercial drivers and pilots, have special

management requirements for certification. CGM to predict hypoglycemia in real time and
pharmacotherapy that minimizes hypoglycemia are recommended as effective strategies for
persons with DM who work in these occupations.

Grade A; BEL 1 and expert opinion of task force

Evidence Base 25: Which occupations have specific public safetyerelated diabetes
management considerations?

It is important to note that existing evidence for the association of commercial vehicle
accidents and DM does not consider recent advances in nonhypoglycemic therapies and
in glucose monitoring technology, both of which have potential to reduce the risk of
hypoglycemia-related accidents. More studies are needed on the impact of these advances
on vehicular safety. Nevertheless, the licensing and certification of two occupations in
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particular, commercial vehicle drivers and airline pilots, have become more favorable in
recent years. In 2018, the Department of Transportation Federal Motor Carrier Safety
Administration (FMCSA) reversed the previous blanket exclusion against insulin use with a
new rule for interstate commercial drivers with DM. This new rule was the first update on
DM since 1970 and allows medical certification by obtaining an assessment from a treating
clinician that the applicant has “properly controlled insulin-treated diabetes” and is on a
“stable insulin regimen.” The treating clinician determines whether a particular individual
meets these criteria, which do not include a threshold A1C value. Proliferative diabetic
retinopathy is a permanently disqualifying complication; treating clinicians can assess other
complications on an individual basis to determine if they impair one’s ability to operate

a commercial vehicle driver safely. A medical examiner then determines if the individual
meets the FMCSA'’s physical qualification standards. These individuals must also consult
their state licensing agencies for their laws to reflect this new federal rule.1692.1693

Similarly, in 2019, the Federal Aviation Administration outlined considerations for insulin-
treated T1D or T2D with a CGM option. This policy permits special issuance of medical
certification to some applicants who provide medical documentation of their history of
treatment, accidents, and current medical status by an endocrinologist. For first- and second-
class airman certification, CGM data is a requirement, whereas third-class airmen may use
non-CGM protocol. 1694

Risk of Accidents and Potential Treatment-Associated Hypoglycemia—An area
of great concern has been whether DM might lead operators of commercial vehicles (eg,
bus, truck, taxi, ferry, or airplane) to lose control and have an accident, putting themselves
or others at risk of injury. Eye disease associated with DM, including various forms of
retinopathy and cataracts, is of course a potential cause of impaired driving ability. There

is general consensus that ascertainment of the visual acuity of commercial motor vehicle
drivers or airline pilots is a reasonable measure for such risk. Similarly, coronary artery
disease, CVD, musculoskeletal conditions, and diabetic neuropathy might in various ways
impair safe driving or piloting ability.

Hypoglycemia may impair judgment and motor ability, which could increase the likelihood
of an accident during operation of a motor vehicle or airplane. The Federal Motor Carrier
Safety Administration Evidence Report on Diabetes and Commercial Motor Vehicle Driver
Safety addresses some key aspects of these hypoglycemia-related issues.169° Taken as a
whole, individuals with DM do not have a significantly increased risk of motor vehicle
accidents compared with drivers without DM. However, a separate analysis of studies
conducted within the United States showed a 25% increase in risk of accidents, whereas
studies conducted outside the United States showed no increased risk. This was particularly
true when non-US and US cohorts of insulin-treated persons were compared. An analysis
of 2 available US studies showed a 2.75-fold greater risk of motor vehicle accidents when
insulin-treated persons were compared with individuals without DM (£ =.001), while

studies from outside the United States demonstrated no significant difference in accident
risk.1695
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A meta-analysis restricted to US studies of persons with DM not using pharmacologic
treatment or using oral antihyperglycemic agents did not show a significant increase in

risk of accidents. Among individual studies included in the analysis, use of SU did not
significantly increase the risk of accidents.1696-1698 However, SU treatment is associated
with a greater likelihood of hypoglycemia than all other noninsulin antihyperglycemic
agents (metformin, TZDs, alpha-glucosidase inhibitors, DPP-4 inhibitors, and GLP-1 RAS)
and carries a nearly a 2-fold greater likelihood of hypoglycemia than basal insulin.1699
Studies of insulin users involved mostly persons with T1D, but the use of a basal insulin
analog as the sole administered insulin for T2D is associated with considerably lower
hypoglycemia rates than older insulin preparations or the use of basal-bolus treatment.1065

With respect to pilots with DM, recent experience in Europe reported no episodes of pilot
incapacitation nor worsening of glycemic control with insulin-treated DM.1700

Unfortunately, reliable large population studies of motor vehicle accidents involving

persons with T2D treated with current approaches are not available (studies of oral
antihyperglycemic agents included in the meta-analysis examined data from the late 1980s
to early 1990s). Although in a post hoc analysis, one study demonstrated the potential

role of CGM in predicting hypoglycemia more consistently than intermittent BGM.1701
Advances in vehicle technology combined with reliable tCGM should result in safer driving
or flying.1702

Although, the diagnosis of DM has not been shown to be directly associated with increased
collision risk, persons with older age and on insulin therapy tend to have a higher risk.1703
A validated patient questionnaire may be a useful tool for clinicians to predict and reduce
driving mishaps among persons with DM.1794 Treatment efforts should focus on agents with
reduced likelihood of causing hypoglycemia.

Although commercial drivers and pilots with DM are highly scrutinized, those with shift
work or extended periods of work should also have customized regimens of therapeutic
dosing and scheduling, nutrition variability, and glycemic monitoring. The goal is to support
an individual’s productivity and safety.

Question 26: Is there a role for nutritional supplements in the management of DM and what
might be the associated risks?

Recommendation 26—Nutritional supplements (ie, noncaloric oral supplements) have
modest or neutral effects on glycemic control, lipids, and BP. Until proven scientifically,
these supplements should not be used for managing DM or related CV risk factors among
persons with DM. In view of potential harm, we recommend that persons with DM use
caution and discuss with their physicians the use of unregulated nutritional supplements.

Grade A; BEL 1
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Evidence Base 26: Is there a role for nutritional supplements in the management of DM
and what might be the associated risks?

Nutritional supplements are a heterogenous group of substances marketed without
prescription with varying effects on glycemic control and CV risk factors such as
hypertension and dyslipidemia in persons with DM. They include vitamins, minerals, herbs
or botanical products, and probiotics. These supplements generally are not regulated by
governmental approval agencies and have inconsistent composition and quality.

Probiotics are among the most studied nutritional supplements. Several RCTs and systematic
reviews/meta-analyses have noted a positive effect of probiotics on glucose, A1C, lipids,

and BP.1705-1714 The main limitation of these studies is the wide variation in methodologies
including differences in the type, formulation, concentration, and duration of exposure to
probiotics.

A meta-analysis reported that psyllium when taken before meals led to significant
improvement in fastin BG (=37.0 mg/dL; A< .001) and A1C (-0.97%; P =.048) among
persons with T2D.1715 Zinc supplementation at 20 mg daily in persons with prediabetes
in an RCT resulted in a reduction in BG, decreased insulin resistance, improved p-cell
function, and reduced progression to DM compared with controls.1716

Other nutritional supplements, specifically resveratrol, selenium, and vitamin D, have mixed
effects on glycemic control and other CV risk factors.17051717-1724 5ome reports suggest
potential harm with the use of these agents. One systematic review found potential increase
in risk for developing DM with selenium supplementation, but an RCT found no harm to b
cells or insulin sensitivity.1720.1721

Question 27: How should potential increased cancer risk be managed in persons with
obesity/T2D?

Recommendation 27.1—Clinicians should recommend age, sex, and risk-appropriate
screening for common cancers, especially those associated with obesity and DM.

Grade B; BEL 2

Recommendation 27.2—With the increased risk of certain cancers in persons with
obesity or DM, clinicians should educate persons regarding cancer risk and encourage a
healthy lifestyle, including weight reduction.

Grade A; BEL 1

Evidence Base 27: How should potentially increased cancer risk be managed in persons
with obesity/T2D?

Epidemiologic evidence suggests increased risks of cancer and cancer mortality in persons
with obesity and/or DM.1725-1730 There also may be an additive interaction of overweight or
obesity with DM, further increasing cancer risk and mortality.1731.1732
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Persons who are overweight (>25 kg/m?) or obese (>30 kg/m2) may have an increased risk
of a variety of cancers, although risk may be modified by age, sex, race, menopausal status,
duration of obesity, anthropomorphic distribution of adiposity, and the presence of additional
metabolic syndrome components.1730:1732-1738 \/ariably increased risk has been reported
for cancers of the breast (postmenopausal) endometrium ovary gall bladder, stomach

and esophagus, kidney, thyroid (papillary, follicular, and anaplastic but not medullary),
colon, bladder, and pancreas.1733.1734.1739-1752 There also is increased risk of hematologic
malignancies with leukemia (acute myeloid leukemia), malignant and multiple myeloma,
and non-Hodgkin and Hodgkin lymphoma.1753.1754 |ncreased BMI may, however, be
protective for lung cancer (in never smokers),17%° although a large meta-analysis found
increased lung cancer risk among current smokers, past smokers, and never smokers with
increased abdominal obesity measured by WC.1756 An inverse relationship between BMI
and prostate cancer has been reported,1”57 but this may be dependent on racial background
with increased risk in African American men.173 There is evidence of an association of
obesity and high-grade aggressive prostate cancers.1758 In premenopausal women, increased
BMI may be protective overall for breast cancer!759 but not with hormone receptor negative
breast cancer.1760 Although the pathophysiologic mechanisms that drive an increase in
cancer risk with obesity have not been clearly elucidated, higher BMI is associated with
increased systemic levels of endogenous insulin, insulin-like growth factors, adipokines,
inflammatory cytokines, and angiogenic factors that have potential procancerous effects. The
local interaction of adipose tissue and tumor cell microenvironments may also be important
in the promotion of cancer.1761,1762

DM also is reported to be associated with the risk of specific cancers, although it is
challenging to isolate DM-associated risk from that of comorbid obesity.1732 Most of

the available evidence is generated from T2D cohorts, possibly because it is the most
prevalent DM, although increased risk of certain cancers also has been reported for

persons with T1D.1763 There also may be cancer detection bias with increased screening
after diagnosis of DM,1732 although there also is evidence that persons with DM may

be underscreened for certain cancers compared to those without DM.1764 T2D has been
shown to be associated with increased risk for hepatic,1765 bladder,176¢ pancreatic,17671768
and colorectal cancers.1769 For womenwith DM, increased risk has been reported for
endometriall”70 and breast cancer.171 Sex differences also are reported with women at
higher risk than men for oral, gastric, colorectal, and kidney cancers as well as leukemia, but
with decreased risk for liver cancer.1/72.1773 Bladder cancer risk may be higher in men.1766
There is an inverse association between the risk of prostate cancer and DM,1774 although
the use of antihyperglycemic agents may have diminished the apparent DM-associated

risk in epidemiologic studies.1””> Importantly, elevated BG and DM are associated with
increased prostate cancer mortality.1775-1777 |n addition to the obesity-related mechanisms
for cancer risk that are discussed above, hyperinsulinemia and hyperglycemia may promote
a microenvironment amenable to cancer cell proliferation with activation of mitogenic
signaling.1778

With the understanding of the increased cancer risk, up-to-date age- and sex-appropriate
cancer screening is imperative in persons with obesity and/or DM but is not always met.1764
Education regarding cancer risk for persons with overweight/obesity and/or DM also may
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encourage adherence to lifestyle modifications and weight loss,2779 but a major knowledge
gap is how such interventions impact risk of cancer in the long term. There are data to
support a modest reduction of obesity-related cancers with weight loss (HR, 0.84; 95% ClI,
0.68-1.04) in persons with DM but without a significant impact on total cancer incidence or
mortality.1780

Pharmacologic Therapies for DM and Cancer Risk or Prognosis—To date, no
definitive relationship has been established between specific antihyperglycemic agents and
an increased risk of cancer or cancer-related mortality. The evidence for the effects of
specific antihyperglycemic agents on cancer risk is confounded by factors such as obesity,
hyperinsulinemia, glycemic control, and combination pharmacotherapy in DM.

Metformin—Metformin mayeither be neutral or modestly protective regarding cancer
incidence and mortality; however, most of the available evidence was gathered from
observational studies with varied designs and risk for bias.1781-1783 A decreased risk of
colorectal adenomas and colorectal carcinoma is a consistent finding with a potential

for a survival benefit for colorectal carcinoma.1784-1790 Modest survival benefits also

have been reported for breast, ovarian, endometrial, prostate, lung, kidney, liver, and

earlier stage pancreatic cancers.1791-1800 There is no reported effect of metformin on the
incidence or overall survival for bladder cancer.1891 The effect of metformin on cancer
outcomes (prostate, breast, lung, colorectal, pancreas) is currently being explored in multiple
prospective trials, including with metformin as an adjuvant to chemotherapy. Although
definitive statements regarding the benefits of metformin and cancer cannot be made, the
above findings could inform the decision to initiate metformin as a treatment in persons with
DM and specific cancers.

Thiazolidinediones—Large population-based cohort studies have found that pioglitazone
is associated with a modestly increased risk of bladder cancer when compared with other
oral DM therapies including the TZD rosiglitazone as the comparator.1892.1803 However,
evidence from a large study of over 1 million persons from several international cohorts

did not find an association with cumulative exposure to pioglitazone and bladder cancer1002
and 10 years of observation of participants fromthe PROACTIVE did not find increased risk
of bladder cancer (0.8% pioglitazone vs 1.2% placebo).1894 TZD therapy in general is not
associated with other cancers and a modest reduction in overall cancer risk has been reported
for pioglitazone.1781

Incretin Therapies—A concern about increased risk of pancreatic cancer with incretin
therapies wasraised bya studyofhumanpancreata from persons with DM on incretin therapy
compared to controls, which reported exocrine dysplasia and alpha-cell hyperplasia.1805
However, a thorough review of available data conducted by the FDA and the European
Medicines Agency did not uncover evidence to support a causal association.1806
Retrospective and meta-analysis of data from large placebo-controlled clinical trials

with GLP-1 RAs and DPP-4 inhibitors have not found an increased risk of pancreatic
cancer.1034,1807,1808
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An increase in thyroid C-cell hyperplasia, adenomas, and medullary thyroid carcinomas was
observed in preclinical rodent studies of liraglutide, while exenatide has been shown to cause
nodular C-cell lesions without medullary thyroid carcinoma, 18091810 Jeading to concerns
regarding the potential for development of medullary thyroid carcinoma in persons with DM
on GLP-1 RAs. From placebo-controlled clinical trial data, there is no evidence of increased
calcitonin or C-cell neoplasia in humans,1811 and meta-analyses have not uncovered
increased risk for thyroid cancer with GLP-1 RAs or DPP-4 inhibitors,1808.1812.1813 Hyman
calcitonin-producing C-cells do not express GLP-1 RAs as do rodent C-cells. Overall, there
is no evidence that incretin-based therapies increase risk for medullary thyroid carcinoma

in humans.1808.1812,1813 Nonetheless, GLP-1 RAs should not be used in individuals with

a personal or family history of medullary thyroid carcinoma or in persons with multiple
endocrine neoplasia syndrome type 2.

SGLT2 Inhibitors—Among the SGLT2is, more cases of bladder cancer occurred among
dapagliflozin-treated than control-treated persons in clinical trials, and the product labeling
indicates that this agent should not be used inpersons with active bladder cancer and

should be used with caution in persons with a history of bladder cancer.1814 Warnings
regarding bladder cancer are not included in the canagliflozin or empagliflozin prescribing
information.1815.1816 There was no increased bladder cancer risk in a large meta-analysis of
multiple SGLT2is,1817 although a separate meta-analysis suggested that there could be some
increased risk, but a causal relationship was inconclusive.1818 Overall risk for all cancers is
not increased with SGLT2is.1817.1818

Sulfonylureas—There is no evidence for increased cancer risk for SUs compared to
controls in RCTs, although cancer risk may be higher compared to a metformin comparator
in cohort studies. 1819

Insulin—Contrary to preliminary cohort-level evidence suggesting that exogenous insulin
may be associated with an increased cancer risk,1820 particularly glargine, the large-scale
ORIGIN (Outcome Reduction with an Initial Glargine Intervention) trial did not substantiate
this risk.1821 In ORIGIN, >6000 participants received insulin glargine over a median

trial duration of 6 years with no associated increased risk of any cancer (HR, 1.0; 95%

Cl, 0.88-1.13) or cancer death (HR, 0.94; 95% CI, 0.77-1.15), including breast, lung,
colon, and prostate cancers.1821 A meta-analysis of data from 10 cohort studies examined
insulin use and overall cancer risk found an increased risk of 28% for persons with DM
using insulin compared with non-users.1822 Given that endogenous hyperinsulinemia is one
of the proposed factors for the link between cancer and obesity and DM, an improved
understanding of the impact of insulin therapy on cancer risk and progression is imperative.

Question 28: Which vaccinations should be given to persons with DM?

Recommendation 28.1—AACE supports the recommendations of the CDC Advisory
Committee on Immunization Practices (ACIP) that all persons with DM receive
age-appropriate vaccinations according to the CDC/ACIP schedule.1823 Immunization
recommendations for adults with DM are summarized in Table 21.
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Grade A; BEL 4 and expert opinion of task force

Recommendation 28.2—An annual influenza vaccine is recommended for those with
DM who are =6 months old.

Grade A; BEL 1

Recommendation 28.3—The 15- or 20-valent pneumococcal conjugate vaccine (PCV15
or PCV20) should be administered to all adults aged 19 to 64 years who have DM. When
PCV15 is used, PPSV23 should be administered at least 12 months following the dose of
PCV15. A minimum interval of 8 weeks may beused for adults withimmunocompromising
conditions.

Grade B; BEL 3

Recommendation 28.4—For adults over 65 who have not previously received PCV or
whose vaccination history is unknown, PCV15 or PCV20 should be administered. When
PCV15 is used, it should be followed by a dose of PPSV23.

Grade B; BEL 3

Recommendation 28.5—It is recommended to administer hepatitis B vaccinations to all
individuals as soon after diagnosis of DM as possible up to age 59 years.

Grade A; BEL 1

Recommendation 28.6—Consider hepatitis B vaccination of adults =60 years based on
assessment of risk and likelihood of an adequate immune response.

Grade C; BEL 4

Recommendation 28.7—Tetanus-diphtheria-pertussis (Tdap) vaccine is typically
included with routine childhood vaccinations. However, all adults with DM should receive a
tetanus-diphtheria (Td) booster every 10 years.

Grade C; BEL 4

Recommendation 28.8—Health care professionals may consider recommending
vaccines for the following diseases for persons with T2D based on individual needs: Tdap
- tetanus, diphtheria, and pertussis (whooping cough); measles/mumps/rubella; varicella
(chicken pox); and polio. In addition, persons traveling to other countries may require
vaccines for endemic diseases.

Grade D; BEL 4, expert opinion of task force

Recommendation 28.9—Due to the increased risk for serious complications of
COVID-19, persons with DM should be vaccinated against COVID-19 according to current
guidelines.
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Grade B; BEL 2

Recommendation 28.10—Recombinant zoster vaccine (RZV) is recommended for
adults aged =50 years for protection against shingles according to the CDC/ACIP
vaccination schedule.

Grade A; BEL 1

Recommendation 28.11—Health care professionals should utilize interventions with
demonstrated effectiveness in increasing vaccination rates to improve uptake of vaccination
among persons with DM.

Grade B; BEL 2

Evidence Base 28: Which vaccinations should be given to persons with DM?

Bacterial and viral infections cause significant morbidity and mortality in persons with
DM.1824 A cohort study of adults <65 years of age with DM showed that DM increased

the risk of influenza-associated hospitalizations by 6% (risk ratio, 1.06; 95% Cl, 1.02-1.10;
absolute risk difference 6 per 1000 adults per year), even though the rates of influenza

and pneumonia were similar between diabetic and nondiabetic populations (P=.11).1825
Both community-acquired and nosocomial infections with pneumococcal bacteria may also
be higher among persons with DM, who may also be at greater risk of death from these
diseases.1826-1828 However, vaccines can safely and effectively reduce serious complications
from influenza. A systematic review found reduction in all-cause mortality ranging between
33% and 68% among persons older than 65 years with DM and with seasonal influenza
vaccination.1829 Other systematic reviews have demonstrated effective immunogenicity of
influenza vaccine with decreased risk for hospitalization and mortality among persons with
DM (especially those aged >65 years) compared with healthy individuals.18301831 An RCT
evaluating the safety of the inactivated influenza vaccine in persons with DM compared
with controls found that the vaccine was tolerated with mild-to-moderate adverse effects
and with similar immune response among persons with DM compared to those without
DM.1832 CDC/ACIP recommends a yearly influenza vaccine for all individuals with DM,
although live attenuated influenza vaccine should be used with caution because its safety

in persons with DM has not been established.1823 Inactivated influenza vaccine may be
considered for persons with DM.1833 The CDC also provides references and resources
related to influenza.1834

The CDC/ACIP also recommends a single dose of PCV15 or PCV20 for adults with DM
who have not previously received PCV or whose previous vaccination history is unknown).
When PCV15 is used, it should be followed by a dose of PPSV23.1835 The updated CDC
recommendations are based on several trials demonstrating safety and immunogenicity of
the new conjugate vaccines, PCV15 and PCV20, which were comparable to PCV13. No
studies of clinical efficacy studies were included.

Hepatitis B vaccination is recommended for all persons with DM aged 59 years or younger
and should be considered for persons 60 years or older with shared clinical decision-making
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based on risk assessment and likelihood of an adequate immune response. A prospective,
multicenter RCT found that seroprotection following hepatitis B vaccination was lower
among persons with DM compared with non-DM individuals and tended to wane with older
age.1836 A 2-dose hepatitis B vaccine, HBsAg-1018, had greater seroprotection rates (90%)
among persons with DM compared with the 3-dose hepatitis B vaccine (65.1%) 28 weeks
after vaccination.1837 A similar finding was reported by another RCT involving persons with
DM and CKD.1838

Individuals with DM, when infected with COVID-19, are more likely to be hospitalized,
need higher levels of care, and have higher mortality.1839.1840 COVID-19 vaccination has
demonstrated efficacy in reducing these adverse outcomes. Hence, individuals with DM
should be vaccinated once eligible according to current recommendations,1841.1842

The CDC recommends the tetanus, diphtheria, and acellular pertussis (Tdap) vaccine as

part of the child/adolescent immunization schedule and for adults every 10 years due to
waning immunity.1843 Persons with DM may be more susceptible to respiratory infections
and tetanus. A meta-analysis of observational studies found an increased risk of respiratory
infections in persons with DM (odds ratio, 1.35; 95% Cl, 1.28-1.43).1844 Although tetanus
infections overall are rare, a surveillance study reported an increased risk of mortality in
persons over age 65 (relative risk, 5.1; 95% Cl, 2.1-12.2) and in persons with DM (relative
risk, 2.4; 95% ClI, 1.2-4.8).1845 Tdap is also recommended for tetanus prophylaxis in wound
management, which could be important for persons with DM who have foot ulcers.1846

The recombinant zoster vaccine (RZV) is recommended for adults 50 years of age and older
according to the CDC/ACIP schedule.1823 A large meta-analysis found that older adults
who received RZV had a lower incidence of herpes zoster (relative risk, 0.08, 95% ClI,
0.03-0.23) after over 3 years of follow-up compared with placebo. Following vaccination, a
2019 meta-analysis found that persons who received RZV had a mild-to-moderate systemic
or injection site reaction, but no serious adverse effects or death compared with placebo.1847
An RCT reported a 100% vaccine response rate following RZV injection given either via
subcutaneous or intramuscular route.1848 Coadministration of RZV with PPSV23 in adults
aged =50 years in a 2018 RCT resulted in no immunologic interference or safety concerns
between the 2 vaccines.1849 The live attenuated zoster vaccine, which was found to be

safe and effective in reducing herpes zoster among adults =50 years,1847:1850 js no longer
available for use in the United States.

Interventions with demonstrated effectiveness to increase vaccination rates include strategies
that involve convenience of vaccinations, better communication with persons, enhanced
vaccination systems with motivation by designated vaccination champions and the
coadministration of compatible vaccines while avoiding vaccine coadministration that

may decrease immune response to individual vaccines.1851-1855 These strategies should

be utilized to improve vaccination rates in the DM population. The CDC Standards

for Immunization Practice support clinicians in addressing low vaccination rates (https://
www.cdc.gov/vaccines/hcp/adults/for-practice/standards/index.html). The practice standards
include the following key points:

. Assess immunization status of all persons with DM at every encounter.
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- Stay up to date on the latest recommendations from the
CDC (https://www.cdc.gov/vaccines/schedules/index.html). Vaccination
recommendations change frequently, so clinicians should always find
the most recent recommendations before advising their patients.

- Implement policies or workflow changes to facilitate review of
immunizations by care team staff and to provide patient reminders.

. Strongly recommend any vaccines a person may need (see Table 21 for vaccine
recommendations for adults with DM).

- Provide a nonjudgmental environment to address any questions or
concerns.

- A strong recommendation from a clinician is the best predictor for a
person choosing to get immunized.

. Administer vaccines, if stocked in practice, or refer persons with DM to local
vaccine providers, which may include primary care clinicians, pharmacies, or
public health offices.

. Document administered or received vaccines in the electronic health record and
the state immunization registry.

Future Directions

DM is a paradoxical condition in which most clinicians are familiar with its prevalence and
impact on health, but many are not fully knowledgeable about all the nuances of optimal
management. Simultaneously, the advance of big data, outcome studies, and therapeutic and
monitoring capabilities have shifted the paradigm of DM management.

Reflecting the evolving natural history of T2D in the United States, screening for DM should
start at 35 years of age. Although the glycemic criteria for the official diagnosis of DM

have not changed, it has been increasingly apparent that those with prediabetes need to have
their CVD risk factors managed as aggressively as those with DM. The impact of health
disparities and adverse SDOH in both developed and developing nations have been shown

to affect the QoL as well as metabolic control in those with DM. However, there is need for
interventional studies in these areas to demonstrate improvement in DM outcomes. Access
to proper nutrition and effective medicines will continue to be a difficult challenge.

For those with prediabetes/DM and obesity, it is paramount that achieving and maintaining
effective weight loss is the key to improving glycemic control as well as management

of CVD risk, neuropathy, OSA, and other complications of DM. Lifestyle optimization
remain the cornerstone treatment for those with DM. The arrival of new peptide therapies
may approach weight loss observed with bariatric procedures should revolutionize obesity
management. Avoidance of weight gain or weight loss have become key differentiators of
therapeutic choices.

We have primarily classified DM into 2 types based on insulin deficiency vs insulin
resistance and the presence of autoimmune destruction of the endocrine pancreas. As DM
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management moves to personalized approaches in the era of precision medicine, there have
been early efforts to subcategorize T2D based on phenotype and metabolic characteristics.
Pharmacogenomic strategies related to prediction of drug efficacy and/or safety will be
incorporated into clinical practice. Some of the subtypes of DM include monogenic forms,
and genetic screening will likely become more cost-effective to inform clinicians about

the most appropriate treatments and genetic counseling. Secondary forms of DM, such as
posttransplant diabetes and CFRD should be screened in order to begin earlier and timely
pathophysiologic-focused treatment.

Adverse outcomes that can occur in the inpatient setting or during pregnancy need to

be further studied with the use of CGM technology. CGM and its metrics provide a
deeper description of glycemia that should further complement the use of A1C and lead
to improved clinical insights into both hyperglycemia and hypoglycemia. The safety net
provided by CGM cannot be discounted, for CGM studies may provide more information
about the frequency and impact of level one hypoglycemia. Select workers such as
commercial drivers and pilots have been highly regulated with respect to concurrent DM.
Recently, these regulations have been updated allowing persons with DM to preserve their
occupation. There will be more progress toward developing an “artificial pancreas” with
closed-loop insulin delivery and/or faster-acting prandial and longer-lasting basal insulins
and/or delivery systems providing both insulin and glucagon as well as the potential for
smart insulins and insulin delivery into the portal system.

The default aggressive management of hypertension and dyslipidemia in those with DM is
universally accepted. For those with established ASCVD, options such as PCSK9 targeted
therapies allow even greater reduction in LDL-C levels. The pathogenic involvement of
apo B-100 in atherosclerosis is well understood; more CVOTs examining apo B-100 as a
metabolic target may inform revisions of future recommendations.

The SGLT2i and the GLP-1 RA classes have CV benefit independent of glucose-lowering
mechanisms. There likely will be greater utilization of these agents in persons without DM
by our primary care and cardiology colleagues as well as endocrinologists.

DKD, retinopathy, and neuropathy remain prominent microvascular complications. Use of
retinal photographs evaluated by artificial intelligence programs promise increased and
potentially more accurate retinopathy screening. In addition, newer therapies, such as anti-
VEGEF intravitreal injections with or without concomitant laser therapy have revolutionized
the management of macular edema and vision-threatening retinopathy while reducing
adverse effects of treatment. Diabetic neuropathy, including peripheral sensorimotor loss,
autonomic dysfunction, and cardiac autonomic neuropathy are not uncommon in persons
with DM; earlier recognition and new, more efficacious therapies are needed.

This task force has incorporated the latest landmark CVVOTSs and other RCTs examining the
effect of antihyperglycemic agents on CVD, HF, and CKD outcomes and has made strong
recommendations for appropriate use of SGLT-2is and GLP-1 RAs in ASCVD, HF, and
cerebrovascular disease. These recommendations along with development of new therapies
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and further ASCVD, HF, and CKD outcome studies are likely to enhance the ability to care
for those with these disorders, including some without DM.

Glycemic management will be more oriented to use of agents that do not cause
hypoglycemia, that promote weight loss and those that reduce risk of cardio-renal disease.
Both long-acting and rapid-acting insulin analogs have expanded options for persons who
require insulin. CGM and insulin pumps with or without AID allow persons to achieve
glycemic goals more safely.

Avoidance of hypoglycemia is key to achieving euglycemia safely, which is possible with
newer antihyperglycemic therapies and the use of CGM. Additionally, treatment of severe
hypoglycemia will be greatly improved with the advent of newer formulations of and
delivery methods for glucagon and glucagon analogs. More work is needed to discover
methods to restore hypoglycemic awareness.

To paraphrase Dr. Eliot Joslin, “The person with diabetes who knows the most, lives the
longest.” In the 21st century, multidisciplinary education can be personalized with respect
to age group, type of diabetes, language, and location. The task force reviewed hundreds of
articles uncovering many innovative approaches to delivery of diabetes education. There is
no single platform or approach that will benefit every individual. The key will be to find the
right approach for the right patient.

Mental health is often suboptimally managed in those with DM, often due to time and
resource constraints. There is need for more professional mental health expertise to address
this burgeoning need. Sleep apnea ishighly prevalent buta neglectedcomorbidity inpersons
with T2D; early diagnosis and future advances in management may contribute to improved
DM control. Since persons with DM are more susceptible to more severe infections,
validated proven vaccinations, as recommended by public health agencies, should be more
consistently administered to those who would benefit from them.

We address virtual telemedicine, virtual/digital medicine, which has risen to prominence
during the COVID-19 pandemic. Early evidence suggests that virtual care can be a satisfying
experience for the clinician and the patient and lead to comparable outcomes. In the

near future, telemedicine will become seamlessly integrated into traditional care programs,
improving access to care. Patient-generated data will be incorporated into one’s medical
record allowing more informed medical decisions. Artificial intelligence and machine-
learning applications will lead to unexpected clinical insights.

Conclusions

A number of newer antihyperglycemic therapies have enhanced safety with reduced or
very low risk for hypoglycemia, and at least two classes, SGLT2is and GLP-1 RAs, have
been found to reduce the risk of CVD, HF, and/or CKD, independent of glycemic control.
Medical management of obesity continues to advance with significant improvements in
weight loss. Insulin formulations are available to address more individual lifestyles and
medical profiles. Insulin delivery platforms and CGM technologies are improving rapidly
and converging toward a closed-loop system.

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 134

Future improvements in the organization of health care delivery are critical for overall
management of DM and will require coordination and cooperation from a multidisciplinary
team that is patient centered and uses shared decision-making.

Despite the optimism from recent developments, access remains a significant challenge and
will require, in future, greater cooperation of public and private sectors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding

We thank the CPG Oversight Committee for their thoughtful reviews and insightful comments on this guideline
update. We also thank Stephanie Adams, PhD, for assistance in assigning evidence levels, study types, and
references; Melanie Bird, PhD, MSAM, for assistance with evidence review, document review, and references;
Kendall Alexander, MPH, for assistance with document review; and Amy Ogunsulade, BS, for assistance with
references.

This CPG on developing a comprehensive plan for the care of persons with diabetes mellitus was developed with
financial support from the American Association of Clinical Endocrinology (AACE). All members who served

on this AACE task force completed work on the manuscript electronically and met via video conferences. AACE
received no outside funding for the development of this guideline. Volunteer authors on this task force received no
remuneration for their participation in development of this guideline.

Abbreviations

AACE American Association of Clinical Endocrinology

ABCD adiposity-based chronic disease

ABPM ambulatory BP monitoring

ACCORD Action to Control Cardiovascular Risk in Diabetes

ACE angiotensin-converting enzyme

ACIP CDC Advisory Committee on Immunization Practices

ADA American Diabetes Association

ADVANCE Action in Diabetes and Vascular Disease: Preterax and Diamicron

Modified Release Controlled Evaluation

AHA American Heart Association
AHEI Alternative Healthy Eating Index
aHR adjusted hazard ratio

AID automated insulin delivery

AKI acute kidney injury

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

apo B
ARB
ASCVD
AlC
BG
BGM
BMI
BP
CAN
CDC
CDCES
CFRD
CGM
CHF
CKD
CKD-EPI
CMD
CPAP
CPG
CRP
csl
CcVv
CVA
CVvD
CVOoT
DASH
DKA
DKD

DM

apolipoprotein B

angiotensin 11 receptor blocker
atherosclerotic cardiovascular disease
hemoglobin Alc

blood glucose

blood glucose monitoring

body mass index

blood pressure

cardiovascular autonomic neuropathy

Centers for Disease Control and Prevention

certified diabetes care and education specialist

cystic fibrosiserelated diabetes
continuous glucose monitoring
congestive heart failure

chronic kidney disease

Chronic Kidney Disease Epidemiology
cardiometabolic disease

continuous positive airway pressure
clinical practice guideline

C-reactive protein

continuous subcutaneous insulin infusion
cardiovascular

cerebrovascular accident

cardiovascular disease

cardiovascular outcome trial

Dietary Approaches to Stop Hypertension
diabetic ketoacidosis

diabetic kidney disease

diabetes mellitus

Endocr Pract. Author manuscript; available in PMC 2023 May 21.

Page 135



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

DPN
DPP-4
DSMES
eGFR
EL
FDA
FIELD
FPG
GDM
GFR

Gl
GLP-1RA
HAPO
HCL
HDL-C
HEI
HF
HFpEF
HFrEF
HR

HRV

ICU
IFG
IGT
iSCGM

ISF

KDIGO

diabetic peripheral neuropathy

dipeptidyl peptidase 4

diabetes self-management education and support
estimated glomerular filtration rate

evidence level

Food and Drug Administration

Fenofibrate Intervention and Event Lowering in Diabetes
fasting plasma glucose

gestational diabetes mellitus

glomerular filtration rate

gastrointestinal

glucagon-like peptide-1 receptor agonist
Hyperglycemia and Pregnancy Outcomes
hybrid closed-loop

high-density lipoprotein cholesterol

Healthy Eating Index

heart failure

heart failure with preserved ejection fraction
heart failure with reduced ejection fraction
hazard ratio

heart rate variability

insulin to carbohydrate

intensive care unit

impaired fasting glucose

impaired glucose tolerance

intermittently scanned CGM

insulin sensitivity factor

intravenous

Kidney Disease: Improving Global Outcomes

Endocr Pract. Author manuscript; available in PMC 2023 May 21.

Page 136



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blonde et al.

Page 137

LDL-C low-density lipoprotein cholesterol
MACE major adverse cardiovascular event
MDI multiple daily injections

Ml myocardial infarction

MNT medical nutrition therapy

MODY maturity-onset diabetes of the young
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OSA obstructive sleep apnea
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rtCGM real-time CGM
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DECISION TREE FOR TREATING HYPERCHOLESTEROLEMIA IN PERSONS WITH DIABETES MELLITUS

Individuals with DM and LDL-C 2100 mg/dL

Optimize enduring healthy lifestyles*

Shared decision to initiate statin therapy based on ASCVD risk?

=

Very High Risk (10-year risk 10% to High Risk (10-year risk
20%, includes T2D with >2 additional <10%; includes T2D

RFs), or Extreme Risk (10-year risk with <2 additional RFs
>20%; includes established ASCVD and no TOD). Begin

or TOD). Begin high-intensity statin. moderate-intensity statin.

Monitor lipid panel** to goal with

maximally tolerated statin dose. Monitor lipid panel.

Check Apo B for residual risk. Goal LDL-C <100mg/dL,
Apo B <90 mg/dL, and
non-HDL-C <130 mg/dL.

Apo B <80 Apo B >80 mg/dL
mg/dL for for very-high risk
very high or >70 mg/dL for A. If at goal, monitor
risk or <70 extreme risk lipid panel.
mg/dL for
extreme risk

B. If not at goal,
intensify statin
A. Add ezetimibe therapy and add

: and monitor lipids. ezetimibe as needed.
:\ingglt‘;:lel B. If not at goal, add
Rigipanes. PCSK9 agent, bile

acid sequestrant,
or bempedoic acid.

Figure 1.

Increased Utilize ASCVD ‘
ASCVD risk? risk calculator.

Assess Apo B
and non-classical
RFs (CAC, hs-CRP,
etc.) as needed.

Offer low-

intensity
statin or
monitor
lipid panel.

FIGURE LEGEND

*Lifestyle behavior changes include a healthy diet, daily activity, regular
exercise, and maintenance of a healthy weight.

**Lipid panel = total cholesterol, LDL-C, HDL-C, and triglycerides (with
calculated non-HDL-C); during treatment to monitor goal every 6 to 12
weeks, and when at goal monitor annually.

apo B = apolipoprotein B; ASCVD = atherosclerotic cardiovascular
disease; CAC = coronary artery calcification; DM = diabetes mellitus;
hs-CRP = high-sensitivity C-reactive protein; LDL-C = low-density
lipoprotein cholesterol; PCSK9 agent = proprotein convertase subtilisin/
kexin type 9 agent includes PCSK9 inhibitor and inclisiran; RF = risk
factor; TOD = target organ damage (left ventricular systolic or diastolic
dysfunction, eGFR <45 ml/min/1.73m2, and abnormal ankle-brachial index)

Decision Tree for Treating Hypercholesterolemia in Persons with Diabetes Mellitus.
Copyright © 2022 AACE. May not be reproduced in any form without express
written permission from Elsevier on behalf of AACE. Visit https://doi.org/10.1016/

j.eprac.2022.08.002 to request copyright permission.
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DECISION TREE FOR HYPERTRIGLYCERIDEMIA IN PERSONS WITH DIABETES MELLITUS

Individuals with T2D and triglyceride level above goal <150 mg/dL

* Optimize glycemic control.*
« Consult with a registered dietitian for diet education and decreased calorie intake to achieve healthy weight.

TRIGLYCERIDES <500 mg/dL TRIGLYCERIDES 2500 mg/dL

* Initiate a low-carbohydrate (including no fruit * Initiate a low-fat (<20% to 25% total calories),
juices, regular sodas, alcohol, or added-sugar foods) no-added-sugar diet.
and reduced-fat (30% to 35% of total calories) diet. + Use insulin as needed for glycemic control.

* Consider insulin as needed for glycemic control. « Ensure statin use as initial lipid-lowering

therapy aligned with ASCVD risk and monitor
lipid panel. 364

* If TG remain >200 mg/dL and lipids not at goal with * Use fibrates and, as needed, a high-grade
maximal statin use, measure Apo B and use fibrates omega-3 fatty acid (EPA or IPE)** to lower
as needed to achieve goal Apo B <90 mg/dL. 312 triglycerides. 318

* Add icosapent ethyl (IPE) if not at lipid goal and « Add niacin only if triglycerides remain >1000 mg/dL

ASCVD risk category is very high (T2D with 22 to decrease risk of pancreatitis. 318
additional ASCVD traditional risk factors). 369

*As possible, use diabetes agents that promote weight loss, or are weight neutral.
**Qver-the-counter fish-oil dietary supplements are not Food and Drug Administration-approved for treatment of hypertriglyceridemia.

ASCVD = atherosclerotic cardiovascular disease; apo B = apolipoprotein-B 100; EPA = eicospentanoic acid; IPE = a purified, non-oxidized form of EPA; T2D = type 2 diabetes mellitus;
TG = triglycerides

Figure 2.
Decision Tree for Hypertriglyceridemia in Persons with Diabetes Mellitus. Copyright ©

2022 AACE. May not be reproduced in any form without express written permission from
Elsevier on behalf of AACE. Visit https://doi.org/10.1016/j.eprac.2022.08.002 to request
copyright permission.
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Persistent albuminuria categories
Description and range

A1l A2 A3
Guide to Frequency of Monitoring Norr_ral o Moderately Severely
(number of times per year) by ingr‘;:'sye 3 increased increased

GFR and Albuminuria Category

<30 mg/g 30-300 mg/g | =300 mg/g
<3 mg/mmol |3-30 mg/mmol | >30mg/mmol

G4 | Severely decreased 15-29

= G1 | Normal or high =290
€

L

NS | G2 | Midly decreased 60-89
25

Eo Mildly to moderately

=

E & Gla decreased e
gl —

_§ '% G3b Moderately to 30-44
% = severely decreased

1

[+

w

o

G5 | Kidney failure <15

Reprinted from Kidney International Supplements, volume 3/issue 1, Kidney Disease: Improving Global
Outcomes CKD Work Group, KDIGO 2012 clinical practice guideline for the evaluation and management
of chronic kidney disease, pp 1-150, January 2013, with permission from Elsevier.

CKD = chronic kidney disease; GFR = glomerular filtration rate

GFR and albuminuria grid illustrating the risk of CKD progression, kidney failure, cardiovascular events,

cardiovascular and all - cause mortality by color intensity.

The number in each box suggests the frequency of monitoring (number of times per year).

Green indicates stable disease with annual follow-up measurements if CKD is present.

Yellow indicates caution and calls for 21 measurement per year.

Orange requires 2 measurements per year.

Red calls for 3 measurements per year.

Deep red may require close monitoring at a frequency of 4 times or more per year (at least every 1 to 3
months).

These general parameters are based on expert opinion and must take into account underlying comorbid

conditions and disease state, as well as the likelihood of a change in management for any individual.

Figure 3.
Guide to Frequency of Monitoring (Number of Times per Year) by Glomerular Filtration

Rate and Albuminuria Category

Reprinted from Kidney International Supplements, volume 3/issue 1, Kidney Disease:
Improving Global Outcomes CKD Work Group, KDIGO 2012 clinical practice guideline
for the evaluation and management of chronic kidney disease, pp 1- 150, January 2013, with
permission from Elsevier.

CKD = chronic kidney disease; GFR = glomerular filtration rate

GFR and albuminuria grid illustrating the risk of CKD progression, kidney failure,
cardiovascular events, cardiovascular and all - cause mortality by color intensity.

The number in each box suggests the frequency of monitoring (number of times per year).
Green indicates stable disease with annual follow-up measurements if CKD is present.
Yellow indicates caution and calls for =1 measurement per year.
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Orange requires 2 measurements per year.

Red calls for 3 measurements per year.

Deep red may require close monitoring at a frequency of 4 times or more per year (at least
every 1 to 3 months).

These general parameters are based on expert opinion and must take into account underlying
comorbid conditions and disease state, as well as the likelihood of a change in management
for any individual.
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ALGORITHM FOR TREATMENT OF DIABETIC PERIPHERAL NEUROPATHY

Is pain due to DPN?

YES

Assess comorbidities, costs, drug-drug interactions, potential for adverse effects 4 choose one of the following agents

ANTICONVULSANTS
Pregabalin*
Gabapentin

Avoid
Opioids!

SNRIs TCAs
Duloxetine* Amitriptyline,
Venlafaxine Nortriptyline

Persistence of symptoms

Switch to another
agent from above

Try combining
agents from above

Capsaicin* 8% patch

; A TR d Refer to
Persistent pain/medication not tolerate pain clinic

*FDA approved for treatment of DSPN

DPN = diabetic peripheral neuropathy; DSPN = distal symmetrical polyneuropathy; FDA = Food and Drug Administration; SNRI = serotonin-norepinephrine reuptake inhibitor;

TCA = tricyclic antidepressant

Adapted from Pop-Busui, Boulton, et al, Diabetes Care 2017;40:136-154

Figure 4.

Algorithm for Treatment of Diabetic Peripheral Neuropathy
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ANTIHYPERGLYCEMIC THERAPY FOR PERSONS WITH TYPE 2 DIABETES AND
ATHEROSCLEROTIC CARDIOVASCULAR DISEASE (ASCVD), VERY HIGH RISK FOR ASCVD,

HEART FAILURE, CEREBRAL VASCULAR DISEASE, OR CHRONIC KIDNEY DISEASE

All persons with T2D
Control CVD risk factors

GLP-1 RA* and/or

GLP-1 RA* and/or SGLT2i* pioglitazone

Adjust antihyperglycemic therapy to achieve glycemic targets and to treat concomitant comorbidities.

ASCVD = atherosclerotic cardiovascular disease; CKD = chronic kidney disease; CVD = cardiovascular disease; GLP-1 RA = glucagon-like peptide 1 receptor agonist;
SGLT2i = sodium glucose co-transporter 2 inhibitor; T2D = type 2 diabetes

*with proven benefit

Figure 5.
Antihyperglycemic Therapy for Persons with Type 2 Diabetes and Atherosclerotic

Cardiovascular Disease (ASCVD), Very High Risk for ASCVD, Heart Failure, Cerebral
Vascular Disease, or Chronic Kidney Disease. Copyright © 2022 AACE. May not be
reproduced in any form without express written permission from Elsevier on behalf of
AACE. Visit https://doi.org/10.1016/j.eprac.2022.08.002 to request copyright permission.
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MATCHING GLUCOSE MONITORING OPTION TO COMPLEXITY

OF ANTIHYPERGLYCEMIC REGIMENS

Sensor-Augmented Pumps
Hybrid Closed-Loop Pumps
Automated Insulin Delivery

Insulin Pumps
Patch Pumps

Multiple Daily Injection
(including use of smart pens)

Basal Insulin

Oral Insulin Secretagogues

Antihyperglycemic
Agents Not Associated
with Hypoglycemia

Real-Time or Intermittently Scanned Continuous Glucose Monitoring Real-Time Continuous Glucose Monitoring

Reliance on Reliance on
Capillary Glucose Continuous Glucose
Monitoring ———— = = G Monitoring
(i

Increasing Complexity of
Antihyperglycemic Regimen

Lower Risk of I | Higher Risk of
Hypoglycemia N Hypoglycemia

Figure 6.
Matching Glucose Monitoring Option to Complexity of Antihyperglycemic Regimens.

Copyright © 2022 AACE. May not be reproduced in any form without express
written permission from Elsevier on behalf of AACE. Visit https://doi.org/10.1016/
j.eprac.2022.08.002 to request copyright permission.
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Table 5
Risk Factors for Prediabetes and Type 2 Diabetes: Criteria for Testing for Diabetes Mellitus in Asymptomatic
Adults®

Age =35 ywithout other risk factors
First-degree relative with diabetes
History of CVD

Overweight or obese

Sedentary lifestyle

Member of an at-risk racial or ethnic group: Asian, African American, Hispanic, Native American (Alaska Natives and American Indians), or
Pacific Islander

HDL-C <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL (2.82 mmol/L)
IGT, IFG, and/or metabolic syndrome

PCOS

Acanthosis nigricans

NAFLD

Hypertension (BP >140/90 mm Hg) or on therapy for hypertension

History of gestational diabetes mellitus or delivery of a baby weighing more than 4 kg (9 Ib)
Antipsychotic therapy for schizophrenia and/or severe bipolar disease

Sleep disorders including OSA, chronic sleep deprivation, and night-shift occupation

Abbreviations. A1C = hemoglobin Alc; BP = blood pressure; CVD = cardiovascular disease; HDL-C = high-density lipoprotein cholesterol; IFG
= impaired fasting glucose; IGT = impaired glucose tolerance; NAFLD = nonalcoholic fatty liver disease; OSA = obstructive sleep apnea; PCOS =
polycystic ovary syndrome

laSource: US Preventive Services Task Force, Davidson KW, Barry MJ, et al. Screening for prediabetes and type 2 diabetes: Us preventive services
task force recommendation statement. Jama. 2021;326(8):736—743. https://doi.org/10.1001/jama.2021.12531 [EL 4; NE].

bTesting should be considered in all adults who are obese (body mass index [BMI] 230 kg/mz), and those who are overweight (BMI 25 to <30

kg/m2 or >23 kg/m2 in Asian Americans) and have additional risk factors.
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Table 7

Individualized Blood Pressure Goals for Persons with Type 1 or Type 2 Diabetes

Blood pressure (BP) <130/80 mm Hg is the recommended goal for persons with diabetes

- BP control has a significant impact on morbidity and mortality.

- BP goal may be set higher in persons with autonomic neuropathy, orthostatic hypotension, acute coronary syndrome, frailty, and medication
intolerance.

BP <120/70 mm Hg may be considered to limit progression of micro- and macrovascular disease in persons with the following:

- Micro- or macroalbuminuria

- Documented coronary heart disease (CHD)

- Moderate-to-high risk for CHD

- Peripheral vascular disease

- Retinopathy

Endocr Pract. Author manuscript; available in PMC 2023 May 21.
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Table 9

Page 287

Atherosclerotic Cardiovascular Disease Risk Categories, Characteristics, Lipid Targets, and Therapya

Risk Risk characteristics Approximate Lipid targets Therapy

categories 10-y risk

High risk T2D duration <10y, T1D duration <20y <10% LDL-C <100 mg/dL; apo Moderate-intensity statin
with <2 additional ASCVD risk factors; no B <90 mg/dL; non-HDL-C to start, intensify as
TOD <130 mg/dL needed

Very high T2D duration >10y or T1D >20 y and age 10% to 20% LDL-C <70 mg/dL; apo High-intensity statin,

risk >40 y without ASCVD or severe TOD; 22 B <80 mg/dL; non-HDL-C addition of ezetimibe or
additional traditional ASCVD risk factors <100 mg/dL bempedoic acid to reach

lipid targets
Extreme risk ~ T2D or T1D with established ASCVD >20% LDL-C <55 mg/dL; apo High-intensity statin,

or severe TOD: eGFR <45 mL/min/1.73
mZ; UACR >300 mg/g; ABI <0.9; left
ventricular systolic or diastolic dysfunction

B <70 mg/dL; non-HDL-C
<90 mg/dL

addition of ezetimibe,
bempedoic acid, and/or
PCSKO9 agent to reach
lipid targets

Abbreviations. ABI = ankle-brachial index; apo B = apolipoprotein B-100; ASCVD = atherosclerotic cardiovascular disease; eGFR = estimated
glomerular filtration rate; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; PCSK9 = proprotein
convertase subtilisin/kexin type 9; T1D = type 1 diabetes; T2D = type 2 diabetes; TOD = target organ damage (left ventricular systolic or diastolic

dysfunction, eGFR <45 mL/min/1.73 m2, and abnormal ankle-brachial index); UACR = urine albumin-to-creatinine ratio

a .
Task force expert opinion
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Blonde et al.

Table 13

Clinical Symptoms and Signs of Diabetic Peripheral Neuropathy

Large myelinated nerve fibers

Small nerve fibers

Symptoms

Function

Examination (clinically diagnostic)a

Numbness
Tingling
Poor balance

Pressure, balance

Ankle reflexes
Reduced
Abolished

Vibration perceptiona
Reduced
Absent

10-9 monofilament?
Reduced

Absent

Proprioception impaired

Pain:

Burning
Electric shocks
Stabbing pain
Hyperalgesia
Allodynia

Nociception; protective sensation

Thermal (cold/hot) discrimination?
Reduced
Absent

Pinprick sensation?
Reduced
Absent

a A . . . .
Document impairment/loss in symmetrical, distal to proximal pattern

Endocr Pract. Author manuscript; available in PMC 2023 May 21.

Page 292



Page 293

Blonde et al.

‘Ajaanoadsal ‘uisas autwsuayd Bw og 7 Bw ¢z 7 Bw 2T = apuojyd0ipAy sutwusiuayd Bw g /€ 7 Bw og / bw GT

q

‘Buipaajisealq Burinp pue ‘yueubiaid swooaq 01 Buluued 1 ‘Aoueubaisd Burinp pasn aq jou pjnoys sbnip mmo_.Em_w\Sm

“e1se|doau au11o0pua a|dninw = NI ‘8Ses[al PapuaIxe = Y3 ‘WalsAS SNOAJSU [eNUsd = SN ‘anssaid poo|q = dg Suoneiaiqqy

Ayredounal onjaqeip ‘aseasip Jappe|qed
a1nae ‘siiealoued a1nde ‘elpsedAyoel ‘gz adAy
N3N ‘19oued prolAy) Arejnpaw ‘Aourubaid

aseasIp Jappe|q|eh
a1nae ‘siiealoued ande ‘elpsedAyoe) ‘gz adAy
N3N ‘19oued prolAy) Arejnpaw ‘Aourubaid

asn proido o1uoJy9 ‘uoisuanadAy
pajjoJiuoaun isi ainzias ‘Aoueubald

SISeIY}|0IN ‘SISOPIde d1jogelaw
‘wisiplolAypadAy ‘ewoone|B ‘Aoueubaid

SISE)S3|0Y ‘SaU0)S axe[exo [eual ‘(Jueldsues)
uefio ul asn Jou op) uondiosgerew
Bnap pue uiweyA ajgnjos-1e) ‘Aoueubaid

sajels pajende ‘wsipiolAyuadAy
‘uoisuaadAy pajjouooun ‘aseasip
Aiane Aleuolod aanoe ‘Koueubaid

anbie} ‘ayoepeay ‘uonednsuod
‘eaylelp ‘Buniwon ‘easneN

anbiey ‘ayoepeay ‘uonednsuod
‘eaylelp ‘Buniwon ‘easneN

UoSIA pauiniq ‘yinow Aip

‘safueyd poow ‘uoielife ‘eluwosul
‘anBiyey ‘ayoepeay ‘uorednsuod
‘eayrelp ‘Buniwon ‘easneN

UOISIA palin|q
‘Buipno|o [ejusw ‘sabueyd poowl
‘e1snafsAp ‘elsayisaled ‘uoirens|d
d9 ‘eipJeakyae) ‘yinow Aip
‘ayoepeay ‘BIUIOSUI ‘SSAUSSa|ISaY

sj003s Aj10 ‘Aouabin
|98} ‘aous|nyels ‘uondiosgerew ye4

uoneAs|a
d9 ‘eipJeakyoe) ‘yinow Aip
‘ayoepesy ‘BIUIOSUI ‘SSBUSSaISaY

(Burfadwia o11seh
sAejap pue ayadde sasealdap) isiuobe
101da9a1 T-apndad ax1j-uobean|

(Burfadwia o11seh
sAejap pue ayadde sasealdap) isiuobe
101da9a1 T-apndad ax1j-uobean|

(s1adde sasealaap) Joniqiyul axeidnal
aurydauidaiou-auiwedop/(sbuinesd
sasealoap) 1siuobeiue 10ydadal proido

(A1a17es sasealour)
a1bJauiweqeb ‘Joqiyul asespAyue
J1u0qJed ‘Jues|nAuodnue/(d1adde

$9sBaI09P) duIWe JswIwoyledwAs

(uondiosqe e} pasealosp)

10)1qiyui asedi| eunsejuionses

Aianoe sND salenwins (eadde
$3SLaJ09p) AuIWe JndwiwoyledwAs

(uonoalur snoaueinagns) ym/Bw

°'Z 9S0p winwixew m/Bw Gz 0 asop Builels Bw {7z spnnjbewss

(uonoalulr snoauenagns) p/dw

€ 9S0p Wwinwixew ‘p/Bw 9'0 asop BuiLels Bw ¢ spnnjbeai

(ynow Aq)
Aep e 921M] S19]qe] Z 9SOP Juswieal) ‘Aep Alans
19]ge) 8Uo asop Buiels ‘s1e|qel bu 0p/Bw 8

Y3-uoidoudng
J43-auoxadifeN

(yinow

Aq) Aep A1ana B ge/Bw GT asop winwixew
‘Aep Aans Bw gy/Bw G/ asop Juswieas
‘Kep A1ane Bw gz/Bw G/ ¢ asop Buiels

H3-arewedido)
Jaulwsuayd

(Sfeaw yum yinow

Aq) Aep e sawin 84y} B OZT 9SOp JuswIeal | 1©I81110

A11s900 J0 Juswabeurw 21U0IYD 10} panosddy

QESoE Aq) Aep Aans bw g/ ¢

3s0p winwixew ‘Aep A19ns Bw GT 9s0p-moT] aulwIRUsYd

(ow g5) Adeuayy wiel-140ys Joy paroiddy

SUONEdIPUIR.UOD pUE sBuluIBA

$108)48 8IS [enu8lod

wisiueysA|

uomnesIpaw

pa1e.s|0] Se 8]1.[eoss ‘asod $s0-1yB19AA

aseasIq 91uoly)d paseq-Alsodipy Ylim suosiad ul sso 1ybispa Joy Adeiayiodewleyd panosddesuonensiuiwpy bnig pue pood

Author Manuscript

¥T algeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 May 21.

Endocr Pract. Author manuscript



Page 294

Blonde et al.

sajeqelp z 8dA1 = QZ.L ‘[l Paj|0u0d paziwopuel = | DY 4[0481S3|0Yd
uraloldodi| Ausuap-mol = D-11@T ‘josa1sajoyd utsroadodi] Aususp-ybiy = D-1AH ‘SNi|IaW S8IsgeIp = N 8SeasIp Je|naseAoIpIed = GAD ‘ainssaid poolq = dg ‘0T ulqojBowsy = DTV SUoEINGIqqY

elep A1ajes wisy-buol oN

S[eJaulw pue SUIWEHA
10 uonejuawalddns aiinbas Aew
‘erep Alajes wusy-Huol oN

‘A Z—T 1e uoneiqijinba

Aq pamojjo} (ow 9-¢) Ajrea
slyauaq Jarealh ale alay ‘181p
TeJ-MO| YlIM pasedwiod Usymm
“e1ep Alages wisl-buo| oN

elep Alajes wisy-Huo| oN

Aifeuow

pue syuans aAD Buipiebal
s1jauaq wusl-buol Buimoys
S10¥d yum ulaned jeaw Ajuo

IN@ ut spidi] pue ‘dg ‘elwsok|6
$90Npal (AN 40 XSI seonpay

O-11dH-uou
pue D-T1Q7 slemoy sso| 1yBram
DTV SIaMO| ‘NI 10 sl S8onpay

dzl u1 3-1aH
S3SealoUl pue ‘sapLIsdA|Bi pue
'dg ‘Wbrem Apog ‘OTYV seonpay

acLu

SapLIadA|bL] ‘dg ‘OTV S8dnpas pue
A O ¥S1 S89Npal ‘UoUaAIBIUI
91/A1s841] painions e Jo Ued sy

All[erow pue sjusne aAD

Jofew Jo uonuanaid Arepuodas
pue Arewid ‘sisoyeass oneday
sanoldwi ‘sapLigaA|bu pue ‘g
‘OTV SI9MO| (N JO XSH S3oNpay

‘sabeianaq

Buiurejuod-sebns pue ‘s19ams JwWi| ‘Jeaw pal ‘Jey pajenyes uo
suwiy ‘ysy ‘Annod ‘syonpoad Alrep 1ey-moj ‘suiniy ‘sajqeiaban
‘surelb ajoym ‘wnissejod ayenbape pue WNIPOS Ul SUOKEIWIT

"S)onpoJd paALIap-[eWIU. pue SPooy ysaly
11e sareulw]a :ueba/ ‘syonpouid (asoioe]) Aurep lo/pue (ono) Hba
Buipnjoul Ing spooy ysaly |[e 40 PIoAap s1alp paseq-lueld :uerielaban

a1eIpAY0QIEI MOJ O} JejIWIS ‘8SIMIBYIO
‘Je} WY S81I0JeI JO 940G < Ul Bunjnsal ‘sis01sy adnpul 03 4apJo ul
p/swelb Qg 01 0z 01 aledpAyoqg.ed Jaqiuou Buniwi| se paulsp usiO

SNy} 8wos pue ‘pealq ‘saoyejod ‘ao1 ‘eised se yons
siebns pue yauels ul ybiy Spooy SPIOAY "0pedIoAR pue ‘1a1ng ‘s|10
() ‘sinu ‘aseayo ‘sbba ‘ysiyjays ‘ysy ‘Anjnod ‘yeaw (11) ‘qusu09

a1eIpAyogued ul moj sajgelabian (1) saziseydw3 ‘satiofed |10} Jo
%St 01 %9Z 0} SaTeJPAY0QJed Ul UOIONPaJ B Se paulyap uayo

9%0TS aelul e} pajenes

PpUE S31I0JBI €10} JO 0H0ES 8XEIUI 1) [B10} SE aJay pauyaq 's1onpoid
Arep 1e4-Mo| pue ‘saainos uiajold ues| ‘(sajqeiaban Ayalels ‘surelb
ajoym ‘esed ‘spealq ‘Ba) sayalels ‘synuy ‘sajgeraban saziseydw3

S19aMs

palILUI] ‘S|BSWU YIIM SUIM ‘UOISEI00 UO Jesw pa ‘sionpoid Alrep
31eJapOW ‘surelh ajoym ‘sueaq ‘syniy ‘sinu ‘sajqesban {pooyess
19410 pue ysty ‘1ey Arelaip 40 80Inos [ediounid ay) se |10 8A110 Sas

sz2-1z,(HSVQ)

uoisusiiadAH dois 03 sayoeolddy Arelaig

856 266'688'L8'07,~27, UBDAA/URLIBISBAA

902'50,9¥e1PAY0GIED MO| AIaA

086'626'926'7T2-L02 70,20, 2¥E4PAY0GIED MOT]

826'426'£28'70.-102'069'829VE} MO

926'526'T28'ST8'¥18'92.-v2. '004-169'569'v6g UEIUBIISHPSIN

Sljuswwod

(1xa1 99s)
$3190/IP Ul 30U3PIAS BW0IINO

SosLialde.ARYI JUBLIINUOIdRIN

uianed [es|n

Author Manuscript

ST 3lqeL

Author Manuscript

SNIIIBIA S8180RIQ YIIM SUOSIad 10) SulaNed [2a|Al PapuaLLILI0dsy

Author Manuscript

Author Manuscript

available in PMC 2023 May 21.

Endocr Pract. Author manuscript



Page 295

Blonde et al.

VHAN 10 4HD
Yum syuaned ui
uonned Yym pasn
8q pinoys undiboe
‘undijBexes yum

“uonouny 4HH Jo}
Asup1 pasealdap 1 Juswisn(pe asop >S1I pasealaul
[ennaN asnbas undijbeul] Ing [1e/[eanaN pamous 10AD 0qa2e|d 0} JOLIBJUIUON [ennaN MS1 MO + 17-ddd
Anenow
(_puaba| asned-|[e pue yiesp AD JO sl
17 Buionpai 1iyausq paresisuowap
99S) 4HH 40 Ysu uizojy1|6edws :(uizojy16eues
Aau:mmm_ 8as) uoissaiboid a0 1oy Buronpal 1yauaq ‘uizop1|Bedwia) IDVIA 4O SU
[ennaN 3su Bulonpal 1yauaq paressuowaq palensuowag  Buronpal 1yauaq pajessuowsq ss07 MS1 MO ++ 121719S
SIS
19 8SIaApe 81aA8s 03 anp uons|dap
alN|oA 40 89uasald ul Jn22o ued
IV J0 uonauny Asupiy Bulussion
S AD Pasealoul pue gz Yum
asoy} Ul au1fasp Y499 Jo Buimols vy
aleJopoiN pamoys sisAjeue Alojelojdxe sup |lesinaN pa1onpuod Buisg 10AD ss0 MSI MO +++  T-d19/dI19 1vNd
utw/w og>
1240 $1 10 XS 10 LW g2 T/uIW/ W
Gy MOJ3g Y493 J1 papuaLLLLIODaI J0U
apI1euUsXT "S/S | 9SISAPE 3I9ASS 0}
anp uona|dap awnjoA Jo aguasaid ul apnnjbenp
1220 UBd MY Jo uonouny Asupiy pue apnn|Bewsas Yim axois
BuiuasIopn ‘erInuILING|e pasealdap 10} ¥{S1I paonpal pajensuowsq
01 anp Ajabue| (apnnjbewss OS ‘(Os apnnjbewss ‘apnnjbesn|
‘apnniBei| ‘spiniGeinp) SLOAD ‘apnn|Be|np) IOVIN J0 st
a1eIapoIN Ul paleisuowap 1iauaq |euay [eanaN  Burdnpal Jysusq paresuowsa $s07 SL MO +++ vd 1T-d19
W ELT/MIW/W
G pue Og UsaMIBg Y498 1 uspnid
S1°8s0p Ul uononpail ybnouye ‘;w g7
JUl/ W 0E< H4D9 8|qels 41 pasn 3q
0] 3NUIUOJ U.D ‘palIe)S 30U0 Ing "z
ELT/UIW/W GF> H4D9 I pareniul
80 10U pInoys ;W €T /ulw/Jw sso| ybuls
aJeJapoN 0€> Y493 JI ParedIpulejuod/[eInaN lennaN 18uaq WBIfs/[ennaN /lelinaN MS1 MO ++ NIWHO4 13N
(Adesayrouow
(Adeaayrouow °
adiD Jo souasaad ul sanssi ] se) Aoeaiya
S/S 19 JaY10/BUluasIom 03D U0 108443 4H S1UBAS AADSY 1yb1apn se) elwadA|bodAH o1waoA|BaadAynuy
suoneaIpaN d1wadA|bradAynuy Jo sajioid
9T 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



Page 296

Blonde et al.

4344H Yum (@z.L INOYHM 10 YIM) S}Npe ul 4HH Pue yieap AD J0 XS 89npaJ 01 ANV S10198} %si AD a1dijnw 10 aAD Paysi|geIss Jaya pue gzl YHm sinpe ul 4HH JO XSK 8dnpal 0} uopeslpul
ue BuiAladal uizojy|bedep 031 pa| pue sawoino Atewd se 4H pey salpnis Juanbasgns awos “u1zojijbniia pue ‘uizojyjBedep ‘uizojyiBedws ‘uizojyjBeurs yum sJOAD Ul U9as Sem 4HH ummmeowom

“WaY} 188} Jo/pue XSLI 118y} 8anpaJ 0} MOY pue SJUSAS asIaApe [enusiod Buipnjoul suonesipaw d1wadA|BiadAynue Jnoge uorewlojul sAIsusyaIdwod a1ow yanw sey auljapinb sy} ui Jusjuod
3seq 92UBPIAG AU | "S8OUBISWINDIID Jualied [eNPIAIPUI PUR $89IN0Sal [8J0] JO UOIIRISPISUOD SB ||3M Se SUOIedIpawW 1o} uoirewlogul Buiquasaid paysijgnd 1uadal 1sow ayy 01 Jajal sAemle pinoys siagriasaid
‘uoippe u| ‘AydJessly Jo aouaJayaid Aue ayealpul Jo Ajdwi Jou S30P SSe|d UOIBIIPaW 40 MOJ pajeubisap ay :Jawiejdasig auolpaulpljozelyl = QZ1 ‘apadA|bil = 9] ‘salaqelp g 8dAl = gz ‘se1eqelp T

adA) = QT ‘eainjAuoyins = NS ‘4oNqiyui g Janiodsueniod asoon|b wnipos = 1z1719S ‘swoldwAs 7 subls = §/S ‘JUsAs IeJnasenoIpled asianpe Jofew = JDWIA (|olalsejoyd uisoidodi] Aususp-mo| = O-1a1
‘uonoeJy uondala paonpas Yim ainjiey Leay = 4314H ‘ainjre} Leay 4o} uonezijendsoy = 4HH ‘ainjres Leay = 4H ‘|o1a1sajoyd utsjoidodi) Ansusp-ybiy = D-1aH ‘1siuobe Jo1dasal T-apndad axi-uobean|h
= vy T-d719 ‘sapndadAjod aidosournsul uapuadap-asoan|b = 419 ‘[eunssiuloised = |9 ajel uonel|iy Jejniswolb = Y49 ‘aseasip Asupiy abels-pus = QST 8led uolel|i} Jejniawolh parewnss = 4499
‘aonqiyur ¢ asepndad |Apndadip = 11-ddq ‘[eldl 8WoINo AD = 10AD ‘8SessIp AD = AAD ‘Ie|NISLAOIPIRd = AD ‘90UBIES|I BUIUITRAII = [DID ‘WEJBASS|09 = TASTOD ‘aseasip Asupiy 21uoIyd = aMD
‘aun|re} Leay aAnsabuod = 4HD asea]al yainb aunduoowoiqg = YO-YOg ‘aseasip JejnaseAolp.ed 911048]9s0layre = GADSY ‘Ainful Asupiy 81nde = | MY ‘si01qiyul asepisoan|b-eydie = |9V SuoneINAIGgYy

uinsut
awnfesw Buisn qz.L
pue @TL yum
Ss0| 850y} ul pajealpul
aJeJapoN JennaN JennaN [ennaN 1S9PON  8snedaq XSII Paseaou] + 3AILNITNVYd
ad
rlWadA|BodAy uonuajal UMM ¥S1I pasealoul (snjoq reseq
[ennaN 10 YS1 pasealoul/[elinaN pinj} Joy JONUON [ennaN ures 919N35-03-31eI3POIN [+ /leseq) NITTNSNI
aJelapoN lennaN lennaN 3S1I pasealoul oN [ennaN S1 MO + dO-4og
sijeasoued
paonpui-elwapiadA|badAy
10 A1oisy $1 Jo p/Bw
00S< 91 wniss JI
a1eIapoIN paledIpureIuOD S|aAd] O 1
01 PlIIN JennaN JennaN asealoul ue) ‘D-T1@7 SIamo [ennaN MS1 MO + NS00
ao yum
110q 10} ¥SI1I pasealaul
eIWa2A|BodAy aJelapow-03-pjiw
[ennaN 10 Y{S1 pasealoul/jelinaN lennaN [ennaN ures /319N3S-0)-81RIaPOIN 4+ 3AINITO/NS
t:o_uc&e
uonenWwNaYe pinjs 01 Arepuodas (auozeynjboid) axons/3OVIN
[ennaN pInj4 pasealoul 1oy |enuaiod/fennaN >SLI pasealou] 10 %S1I paonpal [enuslod ures SL MO ++ azl
TIp/Bw 0'z< auluIeald
a1eIapolN WINJas J1 PAPUSLILLIOIAI J0U/|elINaN lennaN [ennaN [ennaN S MO + 19V
‘Al pue ||
$3SSB|9 [RUOIIOUNY
uoamhmﬁo:oE
(Adeaayrouow
@M Jo 99uasaad uj sanssi E] se) Aoeaiye
S/S 19 J3Y10/BUluasI0M 3D U0 108143 4H S1Uane AADSY AUTJJENY se) elwadA|bodAH o1WadA|BaadAynuy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 May 21.

Endocr Pract. Author manuscript



Page 297

Blonde et al.

S e1wadA|60dAY aanpaJ 03 18pIo Ul asop
JAMO] © 3ARY 0] pasu Aew syuabe Jene| ayl "e1wadA|BodAy asned ued sanjaswiayl 1ey syuabe o1wadA|BiadAynue Yim pauiquiod Usym pasealoul 4sii 1eyl aney Aew eiwsdA|BodAy 1oy Js1 Moj,, Ylim mEmm<m

"SHD AI/I1 55810 YHAN UM suosiad Ul pajesipurenuod ase sazL,
"$913(RIP JO UONRINP puR DTV 8uljaseq uo Juspuadap \Gmo_tm_u

"A9ea1ya Jo ouapIne 01 anp Allea paddols usaq

sey [el} AGNAIM-VdNT 3YL ‘4H 0 AI01SIYy Yylm asoyl ul 4HH pue uoissalfiold Jo ¥S1 Te MO UMM S)Npe ul ‘yreap AD ‘adMS3 ‘auljaap Y499 pauleIsns Jo ¥sii ay} adnpaJ 0} Uoiedlpul sey uizoyijbedeq
*4H 40 AI03SIY B YlM 850U} Ul 4HH ‘eunuiwnge yum Ayredolydau onagelp pue gl UM S)Npe ul ‘yiesp AD ‘aululzessd wniss Jo Buljgnop ‘@Ms3 0 XSl 8anpal 0} uoledlpul sey c_Nc:.__q.E%oQ

"4344H 0} UOIFEHWI| SU3 9SO |[IM UOIEIIPUI IH uizojy|Bedep aus yeys Ay s epgot BW

(¥3AI113Q) 84nj1eq HeaH uondeld uondal3 panIasayd UM SIualled Jo S3AIT syl anosdw 03 uonenens uizojyl|bedeq ayl o uonrealjgnd jusdal Jo asnedaqg "(4344H 03 paywi| Jou) 4H UIM (QgZL INOYIM
10 yam) synpe Ut JHH pue yresp AD 4O s 84} 89npal 03 ANV 85essip AD Paysl|qelse pue az.L Yim sjustyed 3npe ul yieap AD JO XsH 8y} 80npai 0} uoledlpul sey uizopl|Bedwy “(Al-11 s3ssefo YHAN)

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



Page 298

Blonde et al.

Author Manuscript

i elwoA|6odAy pue ‘suoijedljdwod d1agelp ‘sanipigIowod Jo aduassald ‘saragelp Jo uoleinp ‘ebe s,uosiad ©
uo paseq palsnipe aq Aew syebie) 9g4 pue DTV "elwsdA|BodAy Jo souasge ayy ul Jp/Bw OTT> 8509Nn|6 poo|q [eawsid pue Buise) pue 9p/> DTV 8Je sjeoh 8s0an|b ‘urnsul Buiser gz yum suosiad 1sow Su_mv

"eainjAuoyIns = NS ‘ulopabeH aulweiold [enaN = HdAN :8s0an|b poojq Bunsey = 9g4 ‘Aep = p {8s00n|b poojq = g 9TV ulqo|fowsy = DTV SLoNeINGIqqYy

%0% 0} %02 Aq sonpay Ip/Bw 07> 99
%02 01 %0T Aq 3onpay Tp/bw 02> g
elwadA|BodAy Joy Joyuo ‘s dars
nunTppy  Ip/Bw 6T 01 0TT D94
SHUN z ppy  1p/Bw 08T 0} O¥T 9484
suun v ppy p/bw 08T< D84
uswibal a|gelsnipy
p/siun g Aq asealou| uswibBal paxi4

v sfeob 21WadA|6 yoeal 01 p £—z A1ans ulnsul [eseq ayeJil] 'z deis

By/smun €0 01 2°0 %8< JTV

pauayaid asop awnpaq ‘HJN Jan0 paussyaid sBojeue feseq ‘Adessyr NS Buinunuodsip Japisuo)d Bx/suun 20 03 70 %8> JTV

(upnsui Bunoe-buol) feseq 1rels ‘T dais

S129ARD/SBI0N asop Ajrep [e1ol an|eA 8soon|o

Adeiayl a1wadA|BradAynuy 01 ulnsu] Jo uolIpPY 8yl 10} sdalS papuaWILIOIY

LT 3|qeL

Author Manuscript

Author Manuscript Author Manuscript

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



Page 299

Blonde et al.

s e1wadA|60dAy pue ‘suoiedrjdwod d1agelp ‘SaiipIgqIowod Jo aduasald ‘saiagelp Jo uoneinp ‘ebe s,uosiad B
uo paseq paisnipe aq Aew syebiel 9g4 pue DTV "elwsdA|BodAy Jo ssuasge ayy ul Jp/Bw OTT> 8s09n|6 poo|q [eawsaid pue Bunse) pue 9,/ > DTV 8Je sjeoh aso0an|b ‘unsul Buiser gzl yum suosiad 1sow Lo“_m

asop AJiep [e10} = Q. ‘saleqelp Z 8dA1 = Qzl ‘sa1eqelp T adA) = AT ‘g Jepodsueniod 8so0anib wnipos = z119S ‘8509n|6 [eipueldisod = 9dd ‘Buiuans = |Nd ‘ulopabeH aulweiold [eanaN = HdN ‘awnpaq
1e = SH ‘siuobe 10idaoas T apndad ay1j-uobeon|b = vy T-d719 ‘8s0dan|b poojq Bunsey = g4 ‘v asepndad |Apndadip = -ddq ‘8s0on|6 poojq = g ‘Buluiow = NV 9TV ulqojfowsy = DTV Suoneinaqqy

uoleAs|a ©g J0 AIanas uo Buipuadap 90z 03 %0T Ag asop aanpay 94 Jo sawi} uo Buipuadap asop Nd 10 _\,_%wwmwww INd 10 NV U1 SOg Mo
urnsu paxiwaid
asop [e1puesd Buluane adnpay 99 awnpag moT
asop [elpueld Aeppiw aonpay og [eaw Buluans-aid mo
asop [eipue.d 1sepealq aonpay og [eaw Aeppiwaid Mo
e1wadA|6odAy Jo A1ianas uo Buipuadap 940z 01 %0T Aq sop asealdad asop |eseq SH adnpay og bunse} mo
uawibai ajqeisnipy
eIWa2A|BodAy 1oy J0NUoN ‘g dars
uolens|e

uoieAs|a Og J0 AIanes uo Buipuadap 950z 0} %0T Ag asop aseaiou] 94 Jo sawi uo Bulpuadap asop N 10 NV 8sealdu] Tp/bw 08T< ©9 [eswald/og4
urnsu paxiwaid

8s0p ul[nsul [e1puesd Jauulp asealou] 94g awnpaq pajens|3

asop ul[nsui [eipuesd Aeppiw asealou] 94 [eaw Buluans-aid pajens|g

$3s0p ulnsul [e1pueld isepealq asealou| og [eaw Aeppiwaid parens|3

uoneAs|s 9g 4o AIanss uo Buipuadap 950z 03 %0T Ag 8sop aseaidu] S3S0p [eseq SH asealou] 94 Bunsey parens|3
uawibai ajqeisnipy
p/suun z Ag Q. asealou| uawibal paxi4

m“m_mom 21Wa2A|6 yoeal 03 sAep £—g A1ana ulnsul arealll ‘e1wadA|biadAy Joy JonuoN g das

paxiwsaid Jo (urjnsut tejnfias + HAN) J1an0 pauiagaid sBojeue ulnsul [eipuesd + _mmw_m“ (retpuead 940G ‘eseq 905) Bx/snun G0 01 £°0 AAL ulnsui jeipueld g7 deis
Jouqiyut

ulnsul [eipueld ppe ‘18wun urewsal sjeob asoan|f 4| ¥-ddd 4o J0)qIyul 21198 ‘o T-d19 :vT dais

Qrtl Joy gt dais pue Qz.L 10} VT das yum uifag :Adesayy fetpueld ppy ‘T deis

S1eaned/Sa10N asop uljnsu| uondo annadesay |

papaaN S| 041U0D [elpueld UBYAA AdelayL ulnsuj Jo uonealyisusu| ay) Joj sde)s papusLLodsy

8T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



Page 300

Blonde et al.

*S)uBuOdUI0d UINSUL 8Y) JO SIIIBUIY [eNPIAIPUI 8U) PUB S|aAs] 8509Nn|6 Lo puadap suljnsul 8say Jo Juswisnipe pue Buiwn sy Burismo] asoon|f
JUSISISUOD B10W J0j AJLIogiun papuadsnsal aq Isnw suoisuadsns asay | uinsul Bunoe-pides Jo -11oys pue uljnsul Bunoe-syeIpawIsiul JO O1el Paxiy & UIeIu0d Suljnsul asay L

Ledse
Jaulwejold pedse /0L

/N 0S/0S ‘07/09 ‘0€/0L

JTe|nBay/HdN 0€/0L

(Apnopp)
SulNsu | paxiweid

urnsut
ye-gT y1-80 ulw gt ~ a1aydsouydal pajeyu|
uel-9v yzw ulw /T-ST oqee o0.dsi]
ys—=< Ug1-s0 uiw Jedse Jaised
sBoeue bunoe-eise
ysLv-¢€ ye-t ulw 0g-ST (00zn pue oo._”Donam_n_
yg-ge ysi-T ulw 0g-¢T auIsIN|o
ys-¢€ ysT-1 ulw GT Hedsy
sboreue Bunoe-pidey
yg8-g Yy ulw 09-0€ Jeinbay
uewny Bunoe-1ioys
sulnsul [elpuead
yzy ssa|yead ut 00zn 99pnibeq
yzy ssopfead ut 00TN 99pniBeq
yoe< ssa|yead ug ooen aubieo
ye ssapyead Jeau yz-S'1 £00TN aulbre|o
Y ve-91 ssayead Jeau yst lwsleg
sboreue
(rea o) Bunoe-buo
(uewny) ulopabeH
ygrordn Ug-s ye-t auIWelold [BNINON
(Apnojo) uewny
Bunoe-are|pawBIU |
sulnsul [eseg

uomeang Sead 195U0

Author Manuscript

6T 3lqeL

Author Manuscript

Author Manuscript

unnsuy Jo sadA1

Author Manuscript

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



Page 301

Blonde et al.

(00T-N) 2160]01g UO-MO]|0} ® JO ‘papuelq Se 3|ge|iene oam_._Q

(uone.edaid ajbuis) a160jo1q uo-mojj0) 00TN 40 (suonetedaid g) Jejiwisolq Q0T N ‘Papuelq Se ajge|rene m:_mhm_om“

‘oY ‘1 131 vrv—6<p:(€)sziz00g 24D sa1aqelq salaqelp T adA1 ul Apnis paziwopuel / :uoisnjul Uljnsul snosueInagns
SNONUIUOD Ul 04dsI| UINsul pue uinsul JeinBal palaying yum Ledse ulnsul Jo uostiedwo) "yy 1peyuisy ‘DM BuenH Y AlusH ‘T UOSPIARQ ‘d uiysey ‘a nespeN ‘C DN ‘d [18g ‘Y ulslsulspn ‘g epog
1901n0S "sulnsul Bunoe-pides 01 usAlb soualagald yim sdwind uinsul ul pasn ag ued ||y “uondiosge asoan|b feipueldisod ay) yorew o1 swin sreidoidde Je usxe) ag PINOYS UljNsul ‘UOIIJE JO 18SUO UO pased

surjnsul [elpueld

‘[aN ¥ 13] ¥2S-GTS:T 1ddns €T:TTOZ “18yL |ouyoa] selaqelq
'sulnsul [eseq Jo salwreuApodewseyd pue sanau{odeWIRYd "D 1]jdueH ‘g9 1]]0g 4 118]92J0d :824n0S 00T N auibielb yum pasredwod asop Jaybiy 940 01 9%GT~ aiinbas Aew salaqelp T adA1 ylim suosiad

ooen aubie|o

‘(10 1T 73] £602-9802:(0T)TE:600Z oYL ullD “|et Aouiaguiuou 18hier-o1-jeal) ‘dnoib-jajfesed ‘|age|-usdo ‘paziwopuel ‘[euoieunNW 8am-zg e

:sa18qeIp T 8dA1 yum syuaiied Ul ‘ulnsul awinjeaw sy se Ledse uljnsul yiim ‘uswiBal snjog-feseq e ul suifse|f ulnsul pue J1welep ulnsul Jo uosuedwo) e 19 ‘g apog ‘D Uauaoy| ‘S Ja]18H pue {[SDd 'z T3]
825-€25:(€£)T9: 2002 "19R.d UI|D [ U] "Moyod ueadoing JAILDIATHd 8y ul siusired seegelp z adA) pue T adA1 wouy eyep dn-mojjo} Yeam-T :8019eid [eatulfo ul JIWwalap ulnsul Jo Aoealys pue Alafes ‘Je

19 ‘7 Ulj[eH-1palspue ‘v NS ‘gr UasueH ‘D UBUS0Y ‘S UeUIaIS ‘TH 99ppNT 'V 1sloyuioq :$824n0S *(8sop Buluow ayy Jaye sinoy g1 yum) Buisop Ajrep a01my alinbal Aew suosiad JO 940G 01 %0 01 dnN

lwaeg
g1 00EN au1brelb yum patedwod (sbues mojaq awi ‘abues anoge awi ‘8buel ul swil) souaw Burioyuow asodan|b snonunuod Janaq Ing ‘siaraweled Aljigeliea o1wadA|b Jejiwis

‘[1L0Y T 13] 29TT—¥STT:(€)86:€TOZ "AEIBIAl [OULIIOPUT UIID [ "UOISUBIXS 433M-9Z & UHM [eLi}
196.1e1-01-13.) ‘paziwopuel Xaam-9z © (T L X3l4 :N193g) saeqelp T adA1 yum syuaired ul auibirelb urnsui sa uswibas Buisop a|qixaly e ui 9apniBiap uijnsui o Alajes pue Aoeoiy3 ‘siojebisanul [er) (T1 Xa|4
INI939) 042€-0SZTNN ‘[e 12 ‘g euijed-epueli|A ‘d JapuejjoH ‘D nalyle\ :82Inos elwadA|biadAy Jo -0dAy pasealoul yiim paje1dosse Jou Sem suondsful ussmiag sinoy O 03 g 1ses] Je yum Buisop a)qixa]4

2apn|Bag
'sulnsul ay} Jo Aue uo uomewoyul 19npoad [eId1O JUBLIND ISOW By} 10} Uoiewlosul BulqLasald panoiddepya ay) 01 Jagal pinoys sueidiul)

‘uondiiosald paziioyine ue 10y pasu Y INOYIM 31miisgns o3 sisioeweyd mojfe 0} (Yad) uonensiuiwpy Bnig pue poo4 SN 8yl
Ag panoidde are pue Bnip aousiayal sy Yim ajqesBueydisiul 8q 03 sBnip sy} SMmoj[e uolreubIsap Je[IwIsolg 10 39IAJ8S UieaH 211qnd 3y elA panoidde usaq aney yaiym sa160]01q UO-MO]|04 SJe SIe[IuIsolg

oudsi)
Jaulwelold oudsi| 05/05

oudsi|
Jaulwelold oudsi| Gz/S.

uoneang ead 135UQ

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2023 May 21.

Endocr Pract. Author manuscript



Page 302

Blonde et al.

‘B G0 S1 By Gp> ybram oym abie Jo sieak T Japun 0} Z pabe syualred aurelpad 1oy 8soq
*

2%

“aInjesadwa) wood e Butios Jaye Jojesabliyal 0 1onpoud uinjal jou oq
¥

‘uolewloul panoiddesuonensiuiupy Bnig pue poo4 SN ‘1UaLIng 1SowW ay) 104 uoleinwloy uobiean|b paquosald Aue o) uoirewogul Buiguosaad [jny syl 01 Jayey

saka A1arem ‘sake pue ‘1eouy) ‘asou AUyl ‘sake Ul SSaupa ‘asou AJnis ‘asou Ul LOJWOISIP ‘asou Auuni ‘ayoepesy ‘BuiiwoA ‘easneu ale uoneasiulwpe uofeon|B Jo s108))e apIs UOWWOD ISOW 8y |

Jainoeynuew uo Buipuadap ‘ow 9g 01 8T W0} ainjeladwa) WOoJ e Palols aq ued  Slainjoejnuew y A paJinbaJ uonN}IIsU0IaY 1y Aousbiaws uobean|o
Do G2—0¢ dinjesadwa) woos Je ow 0g @ B T A A (uag) sBuniks pajjyesd uoBean|
. uoireJabilyal Wouy [eAOWa JO 8ep woJy ainjeladwsl Wood Je ow ZT SI a4l 48ys @ Bw 90 A A uobean|Biseq
4, 98 01 dn ainyesadwa) e paJols aq ue) s s Japmod [eseu uoBean|
Aljgers uonoalul  [eseN asn 0} Apeay

eIWadA|60dAH 91an8S JO Juswieal] Joj suonetedald uobeon|o

0c alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Endocr Pract. Author manuscript; available in PMC 2023 May 21.



Page 303

WY 1UB0S8|0pE-P]1L9/ZW1/doy/S3INPaYIS/SauUIBA/AB 0PI MMAN//:SANY :S3INPBYIS UoneZIUNWW| DA 8y} 0} J8JaJ ‘SUOIEPUSLILLI0DaI UoeZIunwwi 2199ds 1usasa|ope/p|1yd jod,

"3UID0BA J31S0Z JUBUIGUIOD3] = AZY ‘8UID0BA BZUSN|JUI JUBUIGUIODS) JUs[eALIpenb = yA LY ‘aulodeA apueyddesAjod
|eaoooownaud = §ZASdd ‘seutdoea ayelfnfuod [easosownsud = 0ZADd PUe GTADJ ‘8UIDIRA BZUBN|JUI PRIENUSBNIE ‘A1 = AV ‘9UIDJRA BZUBN|IUI PAYRAIIOBUI JUB[EALIpEND = pA|] ‘UoensIuIWpY Bnig pue
poo4 = Y4 ‘snijjaW sa1agelp = NG ‘6T0Z 8Seasip SIIABU0I0D = 6T-A1AOD ‘UONU3A3IG PUR [0U0D 8seasi 10} SI1aUsD) = DD Saol10eld UONBZIUNWW| U0 331IWW0)) AIOSIAPY = dIDV SUONBINAIGYY

NZd

v K 0G= pafe synpe |1 LI[E=IBLAN

z9 uolyeziioyine asn Aouabiawa Jo [enosdde a4 Jad suosiad || 6T-AINOD

dep)

I’2e) salies Arewnid ayp Jo uonsjdwod Buimoljoy A 0T A1eng  sissniaad Jejnjjade ‘erasyiydip ‘snueis)

[%0) A 092 pabe synpe 1o} asuodsal sunwiwi Jo Aljenb pue xsi uo paseg gdaH

TV K 6GS pabe synpe ||v g snnedsH

"EZASdd 30 350p B AQ pamoj|0} 8¢ pInoys } ‘pasn s1 GTAD UBYA “Paldisiuluupe aq pjnoys K 69z saby 0ZA\Dd pue STADd

cg 02ADd 10 GTADC ‘umoujun si A103SIY UOIRUIIIRA 3SOUYM J0 ADd PaAIsdal Ajsnolnaid Jou aney oym A g9 abe Jano synpe 1o4 |e220%0WN3U
'suonIpuod Buisiwoidwosounwiwl Yim synpe oy

pasn aq Aew $}8aM 8 JO [eAIBIUI WNWIUIW W/ "STAD 4O 8s0p 8yl BuImo||0) Syluow ZT 1ses| Je paJsisiuiwpe aq pinoys £ZASdd A9-6T ‘9BV 02ADd pPue STADd

cg ‘pasn s1 GTADd UsUM @ Buipnjoul ‘suonipuod [eaipaw BulAjispun aney oym A 9 01 6T pabie synpe |[e 10} 0ZADd 10 STADd |e220%0WN3U

AIVTI0 #AIY 10 PAI

Vv Alrenuuy eZUSN[U|
“|wiyxsput

vV /S3INPaY2S/SaUIdBA/A0B OPI MAMM//:SANY :SBINP3AYSs UoeZIUNWWI d1DV/2dD 3y 03 Buiplodde anladal pjnoys suosiad ||y sau10eA ayeladoidde-shy

19A3] B0UBPING
158q pue dpeJS UoITePUBILIOIY ETTRALTN

Blonde et al.

LSTHIIBIAl S3120RIQ UM SHNPY 10} SUOIEPUSWILLIOIDY BUIDIBA

TZ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Endocr Pract. Author manuscript; available in PMC 2023 May 21.


https://www.cdc.gov/vaccines/schedules/index.html
https://www.cdc.gov/vaccines/schedules/index.html
https://www.cdc.gov/vaccines/schedules/hcp/imz/child-adolescent.html

	Abstract
	Lay Abstract
	Introduction
	Methods
	Limitations of the Literature
	Key Updates
	Recommendations and Evidence Bases
	Section 1: Screening, Diagnosis, Glycemic Targets, and Glycemic Monitoring
	Question 1. How is the diagnosis of DM made and what is the current screening protocol for prediabetes and diabetes?
	Recommendation 1.1
	Recommendation 1.2
	Recommendation 1.3
	Recommendation 1.4
	Recommendation 1.5
	Recommendation 1.6
	Recommendation 1.7


	Evidence Base 1: How is the diagnosis of DM made and what is the current screening protocol for prediabetes and DM?
	Diagnosis of DM
	Classification of DM
	Screening and Diagnosis of GDM

	Question 2. What are the glycemic treatment goals for persons with DM?
	Outpatient Glucose Targets for Nonpregnant Adults
	Recommendation 2.1.1
	Recommendation 2.1.2

	Inpatient Glucose Targets for Nonpregnant Adults
	Recommendation 2.2

	Outpatient Glucose Targets for Pregnant Women
	Recommendation 2.3


	Evidence Base 2.1: Outpatient Glucose Targets for Nonpregnant Adults
	Evidence Base 2.2: Inpatient Glucose Targets for Nonpregnant Adults
	Evidence Base 2.3: Outpatient Glucose Targets for Pregnant Women
	Question 3: When and how should glucose monitoring be used?
	Recommendation 3.1
	Recommendation 3.2
	Recommendation 3.3
	Recommendation 3.4

	Evidence Base 3: When and how should glucose monitoring be used?

	Section 2: Comorbidities and Complications
	Question 4: How should hypertension be managed in persons with DM?
	Recommendation 4.1
	Recommendation 4.2
	Recommendation 4.3
	Recommendation 4.4
	Recommendation 4.5

	Evidence Base 4: How should hypertension be managed in persons with DM?
	Question 5: How should dyslipidemia be managed in persons with DM?
	Recommendation 5.1
	Recommendation 5.2
	Recommendation 5.3
	Recommendation 5.4
	Recommendation 5.5
	Recommendation 5.6
	Recommendation 5.7
	Recommendation 5.8
	Recommendation 5.9
	Recommendation 5.10

	Evidence Base 5: How should dyslipidemia be managed in persons with DM?
	Dyslipidemia Screening
	Lipid Targets
	Dyslipidemia Therapeutic Recommendations
	Managing Dyslipidemia
	Lipid Management in Prediabetes

	Question 6: How should DKD or CKD in DM be managed?
	Recommendation 6.1
	Recommendation 6.2


	Table T1
	Table T2
	Evidence Base 6: How should DKD or CKD in DM be managed?
	Question 7: How should retinopathy be managed in persons with DM?
	Recommendation 7.1
	Recommendation 7.2
	Recommendation 7.3
	Recommendation 7.4
	Recommendation 7.5
	Recommendation 7.6
	Recommendation 7.7

	Evidence Base 7: How should retinopathy be managed in persons with DM?
	Question 8: How should neuropathy be diagnosed and managed in persons with DM?
	Recommendation 8.1
	Recommendation 8.2
	Recommendation 8.3
	Recommendation 8.4
	Recommendation 8.5
	Recommendation 8.6
	Recommendation 8.7
	Recommendation 8.8
	Recommendation 8.9

	Evidence Base 8: How should neuropathy be diagnosed and managed in persons with DM?
	Prevention of Diabetic Peripheral Neuropathy
	Management of Diabetic Peripheral Neuropathy
	Autonomic Neuropathies
	CV Autonomic Neuropathy
	Screening and Diagnosis of CV Autonomic Neuropathy in Clinical Care
	Clinical Signs of CV Autonomic Neuropathy
	Management of CV Autonomic Neuropathy
	Gastrointestinal Autonomic Neuropathy
	Screening and Diagnosis in Clinical Care
	Other Forms of Diabetic Neuropathies

	Question 9: How should antihyperglycemic agents be prioritized in persons with T2D at high risk for or with established CVD?
	Recommendation 9.1
	Recommendation 9.2
	Recommendation 9.3
	Recommendation 9.4

	Evidence Base 9: How should antihyperglycemic agents be prioritized inpersons with T2D athighriskforor withestablished CVD?
	Evidence Base 9.1: DM and ASCVD
	Evidence Base 9.2: DM and HF
	Evidence Base 9.3: DM, ASCVD, and HF
	Evidence Base 9.4: DM and Stroke
	Glucagon-like Peptide-1 Receptor Agonists and Stroke
	Pioglitazone and Stroke


	Question 10: How should obesity be managed in persons with DM?
	Recommendation 10.1
	Recommendation 10.2
	Recommendation 10.3
	Recommendation 10.4
	Recommendation 10.5
	Recommendation 10.6
	Recommendation 10.7
	Recommendation 10.8
	Recommendation 10.9
	Recommendation 10.10

	Evidence Base 10: How should obesity be managed in persons with DM?
	Diagnosis of Obesity
	Weight-loss Therapy and Lifestyle
	Obesity and Diabetes Medications
	Metabolic Bariatric Surgery and Endoscopic Devices
	Persons Aged ≥65 Years with Type 2 Diabetes and Obesity


	Section 3: Management of Prediabetes, T2D, and T1D With Selection of Glycemic Targets, Lifestyle Interventions, and Antihyperglycemic Pharmacotherapy (Insulin Therapy for all With T1D and Select Individuals With T2D); Prevention, Identification, and Treatment of Hypoglycemia; Treatment of Hospitalized Persons With DM or Those With Hyperglycemia Without Diagnosis of DM; and Women With GDM
	Question 11: How should prediabetes be managed?
	Recommendation 11.1
	Recommendation 11.2
	Recommendation 11.3
	Recommendation 11.4
	Recommendation 11.5
	Recommendation 11.6

	Evidence Base 11: How should prediabetes be managed?

	Table T3
	Question 12: How can glycemic targets be achieved in persons with T2D?
	Therapeutic Lifestyle Changes
	Recommendation 12.1.1
	Recommendation 12.1.2
	Recommendation 12.1.3
	Recommendation 12.1.4
	Recommendation 12.1.5


	Evidence Base 12: How can glycemic targets be achieved in persons with T2D?
	Evidence Base 12.1: Therapeutic Lifestyle Changes
	Mediterranean.
	Low Fat.
	Low Carbohydrate.
	Vegetarian/Vegan.
	DASH.

	Lifestyle Therapy: Physical Activity
	Antihyperglycemic Pharmacotherapy for Persons with Type 2 Diabetes
	Recommendation 12.2.1
	Recommendation 12.2.2
	Recommendation 12.2.3
	Recommendation 12.2.4
	Recommendation 12.2.5
	Recommendation 12.2.6
	Recommendation 12.2.7
	Recommendation 12.2.8
	Recommendation 12.2.9
	Recommendation 12.2.10
	Recommendation 12.2.11
	Recommendation 12.2.12
	Recommendation 12.2.13
	Recommendation 12.2.14
	Recommendation 12.2.15
	Recommendation 12.2.16
	Recommendation 12.2.17
	Recommendation 12.2.18
	Recommendation 12.2.19


	Evidence Base 12: How can glycemic targets be achieved in persons with T2D?
	Evidence Base 12.2: Antihyperglycemic Pharmacotherapy
	Insulin Use in T2D


	Question 13: How should insulin therapy be used for management of persons with T1D?
	Recommendation 13.1
	Recommendation 13.2
	Recommendation 13.3
	Recommendation 13.4
	Recommendation 13.5
	Recommendation 13.6

	Evidence Base 13: How should insulin therapy be used for management of T1D?
	Basic Principles of Insulin Therapy in Type 1 Diabetes
	Adjunctive Medications for Type 1 Diabetes
	AID Systems

	Question 14: How should hypoglycemia be managed?
	Recommendation 14.1
	Recommendation 14.2
	Recommendation 14.3
	Recommendation 14.4
	Recommendation 14.5

	Evidence Base 14: How should hypoglycemia be managed?
	Definition of Hypoglycemia
	Symptoms of Hypoglycemia
	Etiology of Hypoglycemia
	Risks of Hypoglycemia
	Sequelae of Hypoglycemia
	Management of Hypoglycemia

	Question 15: How should DM be managed in the hospital?
	Recommendation 15.1
	Recommendation 15.2
	Recommendation 15.3
	Recommendation 15.4
	Recommendation 15.5
	Recommendation 15.6
	Recommendation 15.7
	Recommendation 15.8
	Recommendation 15.9
	Recommendation 15.10
	Recommendation 15.11
	Recommendation 15.12
	Recommendation 15.13
	Recommendation 15.14
	Recommendation 15.15
	Recommendation 15.16
	Recommendation 15.17
	Recommendation 15.18

	Evidence Base 15: How should DM be managed in the hospital?
	Treatment of Hyperglycemia in Persons in the Hospitalized Setting
	Management of Adults with Inpatient Hyperglycemia in the ICU
	Management of Hospitalized Adults with Inpatient Hyperglycemia in the Non-ICU Setting
	Hypoglycemia and Hospital Outcomes
	Recommendations after Hospital Discharge
	Glucose Monitoring in the Hospital
	MNT for Persons in the Hospital Setting

	Question 16: How should DM in pregnancy be managed?
	Recommendation 16.1
	Recommendation 16.2
	Recommendation 16.3
	Recommendation 16.4
	Recommendation 16.5

	Evidence Base 16: How should DM in pregnancy be managed?

	Section 4: Select Additional Topics on Education, Nonpharmacologic Components of a Care Plan for Children and Adolescents, Male and Female Infertility, Secondary Diabetes, Posttransplant Diabetes, Sleep Medicine, Depression, SDOH, Virtual Health, Occupational Safety, Nutritional Supplements, Cancer Risk, and Vaccinations
	Question 17: What education interventions have been shown to be most effective in management of persons with DM?
	Recommendation 17

	Evidence Base 17: What education interventions have been shown to be most effective in management of persons with DM?
	Question 18: What are the key nonpharmacological components of a comprehensive diabetes care plan for children and adolescents?
	Recommendation 18.1
	Recommendation 18.2
	Recommendation 18.3
	Recommendation 18.4
	Recommendation 18.5

	Evidence Base 18: What are the key nonpharmacological components of a comprehensive diabetes care plan for children and adolescents?
	Question 19.1: Should persons with infertility be screened for DM?
	Recommendation 19.1

	Question 19.2: How should persons with preexisting DM and infertility be evaluated?
	Recommendation 19.2

	Question 19.3: Should men with DM and cardiometabolic disorders be assessed for hypogonadism?
	Recommendation 19.3

	Evidence Base 19:
	Question 20.1: How should persons at risk for secondary diabetes be assessed?
	Recommendation 20.1

	Evidence Base 20.1: How should persons at risk for secondary diabetes be assessed?
	Question 20.2: What are the best treatment strategies for management of secondary diabetes, such as posttransplant diabetes, cystic fibrosis‒related diabetes, and other forms of secondary diabetes?
	Recommendation 20.2.1
	Recommendation 20.2.2

	Evidence Base 20.2: What are the best treatment strategies for management of secondary diabetes, such as posttransplant diabetes, cystic fibrosis‒related diabetes, and other forms of secondary diabetes?
	Question 21: What is the role of sleep medicine in the care of persons with DM?
	Recommendation 21.1
	Recommendation 21.2
	Recommendation 21.3

	Evidence Base 21: What is the role of sleep medicine in the care of persons with DM?
	Question 22: Should screening for depression be a routine component of clinical assessment in persons with DM?
	Recommendation 22

	Evidence Base 22: Should screening for depression be a routine component of clinical assessment in persons with DM?
	Question 23: Is the evaluation of SDOH in persons predisposed to or with DM useful in improving health outcomes?
	Recommendation 23

	Evidence Base 23: Is the evaluation of SDOH in persons predisposed to or with DM useful in improving health outcomes?
	Question 24: Is telehealth/virtual care an effective care-delivery model for the management of persons with DM?
	Recommendation 24

	Evidence Base 24: Is telehealth/virtual care an effective care-delivery model for the management of persons with DM?
	Question 25: Which occupations have specific public safetyerelated diabetes management considerations?
	Recommendation 25

	Evidence Base 25: Which occupations have specific public safetyerelated diabetes management considerations?
	Risk of Accidents and Potential Treatment-Associated Hypoglycemia

	Question 26: Is there a role for nutritional supplements in the management of DM and what might be the associated risks?
	Recommendation 26

	Evidence Base 26: Is there a role for nutritional supplements in the management of DM and what might be the associated risks?
	Question 27: How should potential increased cancer risk be managed in persons with obesity/T2D?
	Recommendation 27.1
	Recommendation 27.2

	Evidence Base 27: How should potentially increased cancer risk be managed in persons with obesity/T2D?
	Pharmacologic Therapies for DM and Cancer Risk or Prognosis
	Metformin
	Thiazolidinediones
	Incretin Therapies
	SGLT2 Inhibitors
	Sulfonylureas
	Insulin

	Question 28: Which vaccinations should be given to persons with DM?
	Recommendation 28.1
	Recommendation 28.2
	Recommendation 28.3
	Recommendation 28.4
	Recommendation 28.5
	Recommendation 28.6
	Recommendation 28.7
	Recommendation 28.8
	Recommendation 28.9
	Recommendation 28.10
	Recommendation 28.11

	Evidence Base 28: Which vaccinations should be given to persons with DM?

	Future Directions
	Conclusions
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10
	Table 11
	Table 12
	Table 13
	Table 14
	Table 15
	Table 16
	Table 17
	Table 18
	Table 19
	Table 20
	Table 21

