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Abstract

Context: Hypoglycemia in people with diabetes is common, especially in those taking medications such as insulin and sulfonylureas (SU) that
place them at higher risk. Hypoglycemia is associated with distress in those with diabetes and their families, medication nonadherence, and
disruption of life and work, and it leads to costly emergency department visits and hospitalizations, morbidity, and mortality.
Objective: To review and update the diabetes-specific parts of the 2009 Evaluation and Management of Adult Hypoglycemic Disorders:
Endocrine Society Clinical Practice Guideline and to address developing issues surrounding hypoglycemia in both adults and children living
with diabetes. The overriding objectives are to reduce and prevent hypoglycemia.
Methods: A multidisciplinary panel of clinician experts, together with a patient representative, and methodologists with expertise in evidence
synthesis and guideline development, identified and prioritized 10 clinical questions related to hypoglycemia in people living with diabetes.
Systematic reviews were conducted to address all the questions. The Grading of Recommendations Assessment, Development and
Evaluation (GRADE) methodology was used to assess the certainty of evidence and make recommendations.
Results: Thepanel agreedon10questions specific tohypoglycemia risk andprevention in peoplewith diabetes forwhich10 recommendationsweremade.
The guideline includes conditional recommendations for use of real-time continuous glucosemonitoring (CGM) and algorithm-driven insulin pumps in people
with type 1 diabetes (T1D), use of CGM for outpatients with type 2 diabetes at high risk for hypoglycemia, use of long-acting and rapid-acting insulin analogs,
and initiation of and continuation of CGM for select inpatient populations at high risk for hypoglycemia. Strong recommendations were made for structured
diabetes education programs for those at high risk for hypoglycemia, use of glucagon preparations that do not require reconstitution vs those that do for
managing severe outpatient hypoglycemia for adults and children, use of real-time CGM for individuals with T1D receiving multiple daily injections, and the
use of inpatient glycemic management programs leveraging electronic health record data to reduce the risk of hypoglycemia.
Conclusion: The recommendations are based on the consideration of critical outcomes aswell as implementation factors such as feasibility and values and
preferences of peoplewith diabetes. These recommendations can be used to inform clinical practice and health care system improvement for this important
complication for people living with diabetes.
Key Words: glucagon, structured counseling, insulin pumps, continuous glucose monitoring, insulin analogs, systems of care, blood glucose, blood glucose
self-monitoring, diabetes mellitus, hyperglycemia, hypoglycemia, hypoglycemic agents, insulin
Abbreviations: ADIP, algorithm-driven insulin pump; BG, blood glucose; CGM, continuous glucose monitoring; CMS, Centers for Medicaid andMedicare; DKA,
diabetic ketoacidosis; EHR, electronic health record; ED, emergency department; EMS, emergency medical services; EtD, evidence to decision; FDA, US Food
and Drug Administration; HbA1c, hemoglobin A1c; HCP, health care professional; IAH, impaired awareness of hypoglycemia; IRR, incidence rate ratio; LOS,
length of stay; MD, mean difference; MDIs, multiple daily injections; MI, myocardial infarction; NPH, neutral protamine Hagedorn; OR, odds ratio; POC-BG,
point-of-care blood glucose; QALY, quality-adjusted life year; QOL, quality of life; RCT, randomized controlled trial; SMBG, self-monitoring of blood glucose;
SU, sulfonylurea; T1D, type 1 diabetes; T2D, type 2 diabetes; TIR, time in range.
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List of Recommendations

Question 1. Should continuous glucose monitoring vs self-
monitoring of blood glucose be used for people
with type 1 diabetes receiving multiple daily
injections?

Recommendation 1

We recommend continuous glucose monitoring (CGM) rather
than self-monitoring of blood glucose (SMBG) by fingerstick
for patients with type 1 diabetes (T1D) receiving multiple dai-
ly injections (MDIs). (1⊕⊕OO)

Remarks

• Comprehensive patient education on how to use and
troubleshoot CGMdevices and interpret these data is crit-
ically important for maximum benefit and successful
outcomes.

• SMBG continues to be necessary to validate or confirm
CGM values; for example, when symptoms do not match
sensor glucose values and during the sensor warm-up pe-
riod. Therefore, patients using CGM must continue to
have access to SMBG.

Question 2. Should real-time continuous glucose monitor-
ing and algorithm-driven insulin pumps vs
multiple daily injections with self-monitoring
of blood glucose three or more times daily be
used for people with type 1 diabetes?

Recommendation 2

We suggest using real-time continuous glucose monitoring
(CGM) and algorithm-driven insulin pumps (ADIPs) rather
than multiple daily injections (MDIs) with self-monitoring
of blood glucose (SMBG) three or more times daily for adults
and children with type 1 diabetes (T1D). (2⊕⊕OO)

Remark. Fingerstick blood glucose (BG) monitoring may still
be necessary to validate or confirm CGM values; therefore,
with respect to use and insurance coverage, there will be times
when SMBG must be used.

Question 3. Should professional or personal real-time conti-
nous glucose monitoring vs no continous glu-
cose monitoring be used for people with type 2
diabetes in the outpatient setting who take insu-
lin and/or sulfonylureas and are at high risk for
hypoglycemia?

Recommendation 3

We suggest real-time continous glucose monitoring (CGM) be
used rather than no continuous glucose monitoring (CGM)
for outpatients with type 2 diabetes (T2D) who take insulin
and/or sulfonylureas (SUs) and are at risk for hypoglycemia.
(2⊕OOO)

Remarks

• Professional CGM is a diagnostic tool used for the short-
term investigation of an individual’s glycemic profile to
determine glycemic patterns and to assist with therapeutic
management.

• Personal CGM is a tool for patients to use in real time at
home to assist the patient and their health care providers
(HCPs) in making both short- and long-term adjustments
in their therapeutic management.

Question 4. Should initiation of continuous glucose
monitoring in the inpatient setting vs not
using continuous glucose monitoring be
used for select people at high risk for
hypoglycemia?

Recommendation 4

We suggest initiation of continous glucose monitoring (CGM)
in the inpatient setting for select inpatients at high risk for
hypoglycemia. (2⊕OOO)

Remarks

• This should be performed via a hybrid approach in which
CGM use is combined with periodic point-of-care blood
glucose (POC-BG) testing to validate the accuracy of
CGM.

• Inpatient CGM use is not currently approved by the US
Food and Drug Administration (FDA) but currently has
enforcement discretion. It has been used in hospitals re-
cently with emergency use authorization during the
COVID-19 pandemic.

Question 5. Should continuation of personal continu-
ous glucose monitoring in the inpatient set-
ting vs discontinuation of continuous
glucose monitoring be used for people at
high risk for hypoglycemia who are already
using it?

Recommendation 5

We suggest continuation of personal continuous glucose mon-
itoring (CGM) in the inpatient setting with or without algo-
rithm-driven insulin pump (ADIP) therapy rather than
discontinuation. (2⊕OOO)

Remarks

• This should be performed via a hybrid approach in which
CGM use is combined with periodic point-of-care blood
glucose (POC-BG) testing to validate the accuracy of
CGM.

• Inpatient CGM use is not currently approved by the US
Food and Drug Administration (FDA) but currently has
enforcement discretion. It has been used in hospitals re-
cently with emergency use authorization during the
COVID-19 pandemic.
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Question 6. Should inpatient glycemic surveillance and
management programs leveraging electronic
health record data vs standard care be used
for hospitalized people at risk for
hypoglycemia?

Recommendation 6

We recommend that inpatient glycemic surveillance and man-
agement programs leveraging electronic health record (EHR)
data be used for inpatients at risk for hypoglycemia.
(1⊕OOO)

Remarks

• The panel defined leveraging EHR data as specific hospital
staff using glycemic data collected within the EHR (from
all admitted patients) to identify those at risk for and those
having hypoglycemic and hyperglycemic episodes to de-
velop mechanisms for managing and mitigating these ad-
verse outcomes. Standard care is lack of such a program.

• EHR data leveraged includes patterns of glycemia with
proactive alerts for high and for low trends, so that hypo-
glycemia and severe hyperglycemia can be identified in a
systematic fashion. Staff can then intervene on these
trends (eg, adjusting insulin infusion rates) to avoid un-
wanted outcomes (repeat hypoglycemia, glycemic vari-
ability, etc).

Question 7. Should long-acting insulin analogs vs human
insulin be used for people on basal insulin
therapy who are at high risk for
hypoglycemia?

Recommendation 7

We suggest long-acting insulin analogs be used rather than hu-
man neutral protamine Hagedorn (NPH) insulin for adult and
pediatric outpatients on basal insulin therapy who are at high
risk for hypoglycemia. (2⊕OOO)

Remarks

• Patients who are at high risk for hypoglycemia are defined
as those with a history of severe hypoglycemia (requiring
assistance to manage), impaired awareness of hypogly-
cemia (IAH), and/or medical conditions that predispose
them to severe hypoglycemia including renal and hepatic
dysfunction.

• The panel placed high value on reducing severe hypogly-
cemia and found moderate-certainty evidence for severe
hypoglycemia reduction as an outcome in those using
long-acting analog insulins vs NPH insulin. However,
the panel acknowledges that most studies of long-acting
analog insulins do not assess for significant adverse effects
(including cardiovascular outcomes) and that many stud-
ies were designed to demonstrate noninferiority of analog
insulin compared with human NPH insulin.

Question 8. Should rapid-acting analogs vs regular (short-
acting) human insulin be used for people on
basal-bolus therapy who are at high risk for
hypoglycemia?

Recommendation 8

We suggest that rapid-acting insulin analogs be used rather
than regular (short-acting) human insulins for adult and pedi-
atric patients on basal-bolus insulin therapy who are at high
risk for hypoglycemia. (2⊕OOO)

Remarks

• Patients who are at high risk for hypoglycemia are defined
as those with a history of severe hypoglycemia (requiring
assistance to manage), impaired awareness of hypogly-
cemia (IAH), and/or medical conditions that predispose
them to severe hypoglycemia including renal and hepatic
dysfunction.

• The panel placed high value on reducing severe hypo-
glycemia and found moderate-certainty evidence for
reduction of mild-to-moderate and severe hypogly-
cemia as an outcome in those using rapid-acting analog
insulins vs regular (short-acting) insulin. However, the
panel acknowledges that many studies were designed to
demonstrate noninferiority of analog insulin compared
with human regular (short-acting) insulin. Also, many
of the data available for review demonstrating reduc-
tions in hypoglycemia were in adults with T1D; very
few data were available regarding the pediatric
population.

Question 9. Should a structured program of patient educa-
tion with follow-up vs unstructured advice be
used for people receiving insulin therapy who
are at high risk for hypoglycemia?

Recommendation 9

We recommend that a structured program of patient educa-
tion over unstructured advice be used for adult and pediatric
outpatients with type 1 diabetes (T1D) or type 2 diabetes
(T2D) receiving insulin therapy. (1⊕⊕OO)

Remarks

• Structured education on how to avoid repeated hypogly-
cemia is critical, and this education should be performed
by experienced diabetes clinicians. Moreover, insurance
coverage for education should be available for all
insulin-using patients.

• The recommendation is not intended to limit struc-
tured education only to those on insulin therapy; for
example, patients using sulfonylureas (SUs) and me-
glitinides are also at risk for hypoglycemia, and the
recommendation also applies to this patient
population.
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Question 10. Should glucagon preparations that do not have
to be reconstituted vs preparations that do
have to be reconstituted be used for people
with severe hypoglycemia?

Recommendation 10

We recommend that glucagon preparations that do not have
to be reconstituted over glucagon preparations that do have
to be reconstituted (ie, available as a powder and diluent) be
used for outpatients with severe hypoglycemia. (1⊕OOO)

Introduction

Hypoglycemia, defined as a low plasma glucose level in an
individual with or without symptoms that may cause
them harm, is both common and costly for people living
with diabetes (1). Individuals with type 1 diabetes (T1D)
may have clinically significant episodes of hypoglycemia
as often as twice per week (2). Those with type 2 diabetes
(T2D) are at lower risk for hypoglycemia, unless they
have specific clinical characteristics that increase that risk,
including the use of medications known to be associated
with hypoglycemia (eg, insulin, sulfonylureas [SUs]), long
duration of diabetes, and renal and/or hepatic dysfunction
(3) (Table 1). Hypoglycemia adversely affects both pediat-
ric and adult populations, as well as those in the inpatient
and in the outpatient settings, and is associated with a num-
ber of unwanted outcomes including distress in those with
diabetes and their caregivers; reductions in quality of life
(QOL); and reductions in medication adherence, leading
to increased risks for diabetes-related comorbidities (4–
8). Hypoglycemia in people with diabetes is costly and is as-
sociated with expensive emergency department (ED) visits,
prolonged hospital admissions, and missed work (5, 9, 10).
Hypoglycemia disproportionately affects individuals with
diabetes with low income and low education and those
with food insecurity (11, 12). Further, racial disparities
also exist, with disproportionately high rates of hypogly-
cemia in Black individuals living with diabetes (13).

The 2009 Evaluation and Management of Adult
Hypoglycemic Disorders Endocrine Society Clinical Practice
Guideline included individuals with andwithout diabetes mel-
litus (14). That guideline made 7 recommendations involving
people living with diabetes, and these focused on defining the
glucose level (or change in glucose level) at which hypogly-
cemia should be addressed, identifying those at highest risk
for hypoglycemia, managing impaired awareness of hypogly-
cemia (IAH), and preventing and treating hypoglycemia. Since
the development of those clinical practice guidelines, substan-
tial changes have been made both in how hypoglycemia is de-
fined and how it is clinically measured. A 2018 consensus
statement developed by 8 separate organizations, including
the Endocrine Society, defined 3 levels of hypoglycemia (15).
This statement was developed specifically with individuals
with T1D inmind and also aimed to standardize common def-
initions such as hyperglycemia, time in range (TIR), and dia-
betic ketoacidosis (DKA). The 3 levels of hypoglycemia were
determined using known physiologic thresholds for counter-
regulatory responses as well as plasma glucose concentrations
when both neuroglycopenic and neurogenic symptoms appear
(Table 2). Future clinical trials that include hypoglycemia as
an outcome will use these definitions and practicing clinicians
should be aware of them.
Continuous glucose monitoring (CGM) systems have be-

come much more commonly used in individuals with T1D
andwith T2D,which are able to both identify and predict clin-
ically significant episodes of hypoglycemia requiring adjust-
ment in therapy that may otherwise be missed (16). Further,
algorithm-driven insulin pumps (ADIPs) are now available
that can reduce the risk for hypoglycemia (17). With the in-
creased use of these technologies, questions regarding their
use in the inpatient setting have become an important area
for study (18). Since the publication of the last guidelines,
new formulations of glucagon are now available, and in-
patient glycemic surveillance and management programs
have been developed that use data from electronic health re-
cords (EHRs) to reduce the risk for inpatient hypoglycemia.
Given these considerable advancements in the field, an up-

dated guideline focused solely on diabetes-related hypogly-
cemia was needed. The Endocrine Society convened a
guideline development panel to review all published data
and to make pertinent recommendations focused on hypogly-
cemia in people living with diabetes. The purpose of this
guideline is to address updates in the field of diabetes-related
hypoglycemia, in thosewith either T1Dor T2D, both in adults

Table 1. Individuals at high risk for developing hypoglycemia

• Individuals taking medications known to cause hypoglycemia (eg,
insulin, sulfonylureas, meglitinides)

• Individuals with impaired kidney or liver function
• Older-age patients
• Preschool-age children
• Individuals with a history of severe hypoglycemia
• Individuals with cognitive impairment or intellectual disability that
may reduce ability to respond to low blood glucose

• Individuals with impaired awareness of hypoglycemia
• Individuals with a longer duration of diabetes (including those
using insulin for ≥5 y)

• Individuals who use alcohol
• Individuals with eating disorders
• Individuals with irregular eating schedules
• Individuals that are fasting for religious or cultural reasons
• Individuals with a history of untreated pituitary, adrenal, or thyroid
insufficiency

Source: Adapted from American Diabetes Association Professional Practice
Committee. Diabetes Care, 2022; 45(Suppl. 1): S46–S59.

Table 2. Definitions of levels of hypoglycemia

Level 1 Glucose <70 mg/dL (3.9 mmol/L) and glucose ≥54 mg/dL
(3.0 mmol/L). This level of hypoglycemia should alert
patients that they may need to ingest carbohydrate to
prevent progressive hypoglycemia.

Level 2 Glucose <54 mg/dL (3.0 mmol/L). This level of
hypoglycemia is associated with increased risk for
cognitive dysfunction and mortality.

Level 3 A severe event characterized by altered mental and/or
physical status requiring assistance. This level of
hypoglycemia is life-threatening and requires emergent
treatment typically with glucagon.

Source: Adapted from Agiostratidou, G, et al. Diabetes Care, 2017; 40(12):
1622–1630.
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and in children, and in the outpatient and inpatient settings.
The guideline is targeted to all health care professionals
(HCPs) involved in the care of people with diabetes who are
at risk for developing hypoglycemia as well as other key stake-
holders including hospital systems, insurance organizations,
and others that provide and regulate resources used in diag-
nosing, predicting, and managing hypoglycemia in people
with diabetes. Topics that are addressed with respect to redu-
cing the risk for and predicting the development of hypogly-
cemia include the use of CGM both in the inpatient and
outpatient settings, ADIP therapy, and inpatient glycemic
management programs leveraging EHR data. The guideline
addresses the benefits and costs associated with both long-
acting (basal) and rapid-acting analog insulins with respect
to hypoglycemia as well as the benefits of a structured pro-
gram of patient education in reducing risk for hypoglycemia.
Finally, this guideline addresses the use of newer glucagon for-
mulations in the treatment of acute hypoglycemia.
Most of the studies reviewed in developing the recommen-

dations in this guideline included individuals with T1D or
T2D at risk for hypoglycemia. Although these populations
make up the majority of people living with diabetes and are
the target population for this guideline, others with diabetes
are at risk for hypoglycemia and would benefit from these rec-
ommendations. These include those with monogenic forms of
diabetes, diabetes in pregnancy, diseases involving the exo-
crine pancreas (eg, cystic fibrosis and hemochromatosis),
those with drug-related hyperglycemia (including those taking
glucocorticoids), and those with diabetes following pancreatic
surgery. Hospitalized individuals with hyperglycemia who
may temporarily require insulin, and are therefore at risk for
hypoglycemia, may also benefit from these recommendations.

Definitions of Terms Used in This Clinical

Guideline

1. Real-time continuous glucose monitoring: Real-time
CGM involves the use of devices that measure interstitial
glucose every 1 to 5 minutes and automatically transmit
these data to a device, such as a receiver, smart phone,
or an insulin pump, providing real-time feedback for
the user (19). The latest versions of these devices come
equipped with alerts that can aid the user in making real-
time adjustments in their diabetes therapy, including in
insulin dosing.

2. Intermittently scanned continuous glucose monitoring:
Intermittently scanned CGM involves devices that meas-
ure interstitial glucose every 1 to 5 minutes and transmit
these data to a device, such as a receiver or smart phone,
providing feedback for the user (19). Unlike real-time
CGM, intermittently scanned CGM requires that the
user purposefully scan their sensor to obtain information
and older technology may not provide predictive alerts.
Those that provide predictive alerts are preferred as
they can identify and prevent hypoglycemia.

3. Algorithm-driven insulin pump therapy: ADIP therapy
involves the use of an insulin pump combined with a
CGMdevice, which then allows for changes in basal insu-
lin delivery based on an individual’s real-time glycemic
data. The changes in insulin dose are based onmathemat-
ical algorithms programmed into the insulin pump. These
devices are also referred to as “sensor-driven” or “sensor-
augmented insulin pump therapy.” Devices termed

“hybrid” or “hybrid closed-loop systems” provide
changes to basal insulin and may deliver mini-correction
boluses in response to hyperglycemia but require the user
to give an insulin bolus with meals. All of these terms are
found in the medical literature, including in the studies
identified for these guidelines. ADIP is the term used to re-
fer to all currently available forms of automated insulin
delivery through devices in this guideline.

4. Personal continuous glucose monitoring: Personal CGM
is a tool for persons with diabetes to use in real time to as-
sist them in making both short- and long-term adjust-
ments in their therapeutic management.

5. Professional continuous glucose monitoring: Professional
CGM is a diagnostic tool used for the short-term investiga-
tion of an individual’s glycemic profile to determine gly-
cemic patterns, to assist with therapeutic management. It
is typically placed by amember of the individual’s diabetes
care team, and data are later collected for interpretation.

6. Inpatient glycemic surveillance and management pro-
grams: Inpatient glycemic surveillance and management
programs vary greatly but for this guideline we included
systems that collect real-time glycemic data from the
EHR (including fingerstick data, laboratory-drawn
data, and possibly CGMdata if available) into a database
that can be readily analyzed for pertinent patterns and/or
generate clinical decision support to guide insulin dose
adjustment. We included systems that allow for daily re-
ports (eg, stoplight/traffic light charts) designed to help
trained hospital staff to identify patients who require
changes in their clinical management to avoid both hypo-
glycemia and hyperglycemia. These systems contrast with
paper-charting that cannot directly interface with the
EHR (20).

7. Structured diabetes education: Structured diabetes edu-
cation actively engages the person with diabetes through
methods including hands-on training and exercises and
group meetings as they develop their health care goals
and learn how tomanage their condition. Structured edu-
cation differs from didactic education in that the person
with diabetes is actively involved in their education, vs
merely having information given to them as passive learn-
ers (21). Structured diabetes education programs include
education surrounding stress management, healthy eat-
ing and physical activity, medication use and glucose
monitoring, and problem solving (22). It also involves
teaching risk reduction, including those risks related to
hypoglycemia. Structured education can be provided
via digital health approaches, such as telehealth and vir-
tual classes.

Question 1. Should continuous glucose monitoring vs self-
monitoring of blood glucose be used for people
with type 1 diabetes receiving multiple daily
injections?

Background

Most individuals with T1D do not meet recommended gly-
cemic targets (23, 24). Previous clinical trials showing the
benefit of CGM in the management of T1D predominantly
have included adults using insulin pumps (25–27), despite
the fact that most adults with T1D administer insulin by
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injection (28, 29). Compared to insulin pump users, a smaller
proportion of individuals who inject insulin use CGM (30).
Randomized controlled trials (RCTs) in children have not
consistently shown improvement in glycemic control (as
measured by glycated hemoglobin levels and reduced hypogly-
cemia with the use of CGM (25, 31).

Recommendation 1

Werecommendcontinuousglucosemonitoring (CGM)

rather than self-monitoring of blood glucose (SMBG)

byfingerstick for patientswith type 1 diabetes (T1D) re-

ceiving multiple daily injections (MDIs). (1⊕⊕OO)

Remarks

• Comprehensive patient education on how to use

and troubleshoot CGMdevices and interpret these

data is critically important for maximum benefit

and successful outcomes.

• SMBG continues to be necessary to validate or

confirm CGM values; eg, when symptoms do not

match sensor glucose values and during the sen-

sor warm-up period. Therefore, patients using

CGM must continue to have access to SMBG.

Summary of Evidence

The evidence-to-decision (EtD) framework with a detailed
summary of the evidence can be found online at https://
guidelines.gradepro.org/profile/7BmuC_MXtPU.

Benefits and Harms

The systematic review (SR) included 10 RCTs that compared
real-time CGM vs SMBG (2, 32–41). One of these studies (34)
included 2 cohorts: 1 with pregnant patients with T1D and 1
with patients with T1D planning pregnancy. We analyzed
these 2 populations separately from the rest of the studies.
In the nonpregnant population, CGMmay reduce the propor-

tion of patients with glucose less than 54 mg/dL (3.0 mmol/L)
(odds ratio [OR] 0.15; 95% CI, 0.05 to 0.41; low-certainty evi-
dence), likely reduces episodes of severe hypoglycemia (incidence
rate ratio [IRR] 0.39; 95%CI, 0.18 to 0.85; moderate-certainty
evidence), and likely increases the percentage of TIR 70 to
180 mg/dL (3.9 to 10.0 mmol/L) (mean difference [MD] 5.20;
95% CI, 3.10 to 7.29; moderate-certainty evidence). The
evidence suggests there was no difference in the incidence of
episodes of glucose less than 54 mg/dL (3.0 mmol/L) (very low-
certainty evidence), seizures (very low-certainty evidence), time
below 70 mg/dL (3.9 mmol/L) (low-certainty evidence), or time
below 54 mg/dL (3.0 mmol/L) (low-certainty evidence), or in
HbA1c level (very low-certainty evidence), but the evidence is
uncertain.
In pregnant patients, CGM likely decreases the time below

54 mg/dL (3.0 mmol/L) (MD−1.00; 95%CI,−1.60 to−0.41,
moderate-certainty evidence) andmay increase the percentage
of TIR 70 to 180 mg/dL (3.9-10.0 mmol/L) (MD 7.00; 95%
CI, 2.57 to 11.43, low-certainty evidence), and the evidence
suggests there was no difference in time below 70 mg/dL
(3.9 mmol/L) (low-certainty evidence). In the population
planning pregnancy, CGM may reduce time below 54 mg/dL
(3.0 mmol/L) (MD 1.00; 95% CI, 0.20 to 1.80, low-certainty

evidence), and the evidence suggests there was no difference
in episodes of severe hypoglycemia (very low-certainty evi-
dence), time below 70 mg/dL (3.9 mmol/L) (low-certainty evi-
dence), or the percentage of TIR 70 to 180 mg/dL
(3.9 to 10.0 mmol/L) (very low-certainty evidence). Of note,
though our systematic review used TIR as 70 to 180 mg/dL
(3.9 to 10.0 mmol/L) for all individuals, the accepted TIR for
pregnancy is lower (63 to 140 mg/dL [3.5 to 7.8 mmol/L]) (42).

Other Evidence-to-Decision Criteria
and Considerations

Panel members placed a high value on the benefits of CGMuse
and less on its insignificant undesirable effects. Although not a
prioritized outcome, panel members noted that contact
dermatitis from the sensor adhesive affects a minority of those
using CGM, and various strategies may ameliorate this ad-
verse effect. Some individuals (especially adolescents) do not
want a medical device attached to their bodies. Alerts and
alarms are annoying, embarrassing, and disruptive, and glu-
cose values every 1 to 5 minutes (288 values per day) may
be overwhelming. These issues can be mitigated by proper
training and education. Also, alarm thresholds can be custom-
ized to minimize their effect (eg, a person with poor glucose
control can have the high threshold set at 300 mg/dL
[16.6 mmol/L] or higher, whereas the person with well-
controlled diabetes may choose a high threshold of 200 mg/dL
[11.1 mmol/L]).
Real-time and intermittently scanned CGM are both avail-

able, though not all technologies have predictive alerts. The
panel noted that for people with T1D, real-time CGM and
intermittently scanned CGM with predictive alerts are pre-
ferred to intermittently scanned CGMwithout alerts for mon-
itoring and detection of hypoglycemia, especially during sleep.
Certain CGM systems require fingerstick blood glucose (BG)
values to calibrate the device. SMBG continues to be necessary
during the sensor warm-up period, to validate questionable
CGM values, and when the sensor malfunctions or the sensor
signal is lost.
Studies that included children and adolescentswere ineligible

for inclusion in our literature review because they included par-
ticipants who used insulin pumps. For example, a recent RCT
examined the effect of CGMon glycemic control in adolescents
and young adults (ages 14 to 24 years) with T1D (43).
Participants were randomly assigned to CGM or usual care us-
ing a BG meter for monitoring: Of the participants randomly
assigned to CGM and SMBG, 49% and 59%, respectively,
used a pump. Use ofCGMresulted in a small but significant im-
provement in glycemic control over 26 weeks.
Cost of CGM systems and SMBG varies considerably de-

pending on the specific device used and, for SMBG, the daily
frequency of BG measurements. The effect on health equity
would be significantly influenced by access, insurance cover-
age, and out-of-pocket cost for CGM. Cost for the user is
moderate with insurance coverage and much larger without
coverage. The panel noted that available data do not reflect
newer versions of CGM. It is relatively easy to compare direct
annual costs of CGM and SMBG; however, it is much more
challenging to measure long-term cost-effectiveness, which
would include reduction of episodes of severe hypoglycemia
and attendant costs (transport by ambulance, evaluation
and treatment in an ED, hospitalization), effect on improved
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glycemic control, and resulting reduction of long-term compli-
cations and improved long-term health and productivity.
Comprehensive patient education on the proper use of the

devices and how to interpret these data is essential for optimal
use and outcomes.

Justification for the Recommendation

The panel justified a strong recommendation despite the low
quality of evidence, based on recognition that iatrogenic hypo-
glycemia is the limiting factor in the glycemic management of
diabetes and is a major concern for individuals with diabetes
and for their family members (44, 45). Use of CGM is recom-
mended for anyone with T1D and even more strongly for in-
dividuals with IAH, fear of hypoglycemia, and for young
children who have functional hypoglycemia unawareness
(whose parents often do not sleepwell owing to fear of noctur-
nal hypoglycemia). Avoiding hypoglycemia is a priority as it
increases the risk of repeated and more serious hypoglycemia
(loss of consciousness or seizures) and is associated with in-
creased instability of glucose control; poor QOL; diabetes dis-
tress; potentially serious injury when driving or operating
hazardous machinery; damage to the brain and heart; and,
rarely, death.
Trend arrows showing the direction and rate of change of

glucose levels enable the CGMuser to predict the glucose level
in the next 30 to 60 minutes and make better-informed man-
agement decisions (46, 47). This information was not cap-
tured in published studies. Earlier versions of CGM required
multiple daily calibrations, and management decisions could
not be based on glucose values obtained from CGM (a con-
firmatory fingerstick BG measurement was required). The ac-
ceptability of newer CGM systems has improved owing to
their greater accuracy, longer duration of use, and either no
calibration or less frequent calibration required than earlier
CGM systems that are now obsolete. This is reflected in in-
creased use of CGM across all ages and most especially in
young children (48, 49).

Research Considerations

• The importance of reducing hypoglycemia in those indi-
viduals with T1D using MDIs at high risk for hypogly-
cemia via the use of CGM emphasizes the need for
further research. A proposed area for future research is
evaluating hypoglycemia-related outcomes via the use of
newer CGM devices.

• Future studies should also continue to incorporate patient-
oriented outcomes (ie, QOL, medication adherence, etc).

Question 2. Should real-time continuous glucose monitor-
ing and algortihm-driven insulin pumps vs
multiple daily injections with self-monitoring
of blood glucose three or more times daily be
used for people with type 1 diabetes?

Background

With the publication of the Diabetes Control and
Complication Trial (50), the use of MDIs with SMBG 3 or
more times daily became the preferred diabetes management
regimen because of the benefit it demonstrated in reducing
microvascular complications in adults and adolescents with
T1D. Since then, the best approaches to achieving optimal

glycemic control without hypoglycemia have evolved as
new insulins and technologies have become available. Over
the last decade, rapid and successive improvements in the de-
vices have made it possible to continuously monitor BG lev-
els without performing multiple daily fingersticks and to use
this information to modify insulin administration in real
time.

Recommendation 2

We suggest using real-time continuous glucose mon-

itoring (CGM) and algorithm-driven insulin pumps

(ADIPs) rather than multiple daily injections (MDIs)

with self-monitoring of blood glucose (SMBG) three

or more times daily for adults and children with type

1 diabetes (T1D). (2⊕⊕OO)

Remark

Fingerstick blood glucose (BG) monitoring may still

be necessary to validate or confirm CGM values;

therefore, with respect to use and insurance cover-

age, there will be times when SMBG must be used.

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
qyRYH8PFfcs.

Benefits and Harms

The SR did not find any studies that compared real-time
CGM and ADIPs with MDIs with SMBG 3 or more times
daily in any population (41). The lack of this evidence
makes it impossible to directly define the relative benefits
and harms of the 2 approaches. The use of CGM has signifi-
cantly reduced hypoglycemia and improved glycemic con-
trol in patients with T1D, regardless of how insulin is
administered (see recommendation 1 to use CGM rather
than SMBG). As CGM is incorporated into ADIP systems,
we may safely assume that these systems at a minimum
will have moderate benefits in people with T1D in reducing
risk of hypoglycemia.
Numerous studies have shown improved overall glycemic

control of T1D with either less hypoglycemia or no worsen-
ing of hypoglycemia using ADIP therapy (51). The evidence
from CGM data reviewed in recommendation 1 provides
support for improved avoidance of both high and low uncon-
trolled glycemic levels. It seems likely from available data
that newer ADIPs may provide greater safety and effective-
ness when compared with insulin pump therapy that did
not use an algorithm. Model predicted control algorithm
pumps with a dedicated safety system seem to be the most ef-
fective, and algorithms using Fuzzy Logic systems seem
promising (52).

Other Evidence-to-Decision Criteria
and Considerations

The latest ADIP technologies generated much enthusiasm
among the panelists with regard to the individuals with dia-
betes that they treat. Use of such devices to manage T1D
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will likely improve overall glycemic control. The panelists
noted that using real-time CGM and ADIPs is associated
with a greater immediate cost than using MDIs with SMBG
in most settings. However, over the long term, it is possible
that individuals using such devices will experience fewer costs
because of a reduction in severe hypoglycemia and long-term
complications. Because ADIPs reduce insulin administration
to prevent hypoglycemia, they may reduce diabetes distress
and the fear of hypoglycemia in those with T1D.
The panelists noted that ADIPs are associated with less time

below 70 mg/dL (3.9 mmol/L) and higher overnight and
24-hour period glycemic TIRs and thus may be preferable
over MDIs with SMBG (53). Benefits were seen in studies
with children and adults. The panel noted that the studies
were using mostly algorithms and equipment now considered
out of date and that the main limitations of the available re-
search evidence were related to inconsistency in outcome re-
porting, small sample size, and short follow-up duration of
individual trials.

Justification for the Recommendation

Because evidence is lacking to demonstrate the relative bene-
fits and harms of using real-time CGM and ADIPs vs MDIs
with SMBG, the panelists relied on the evidence used to sup-
port the recommendation of using CGM vs SMBG in recom-
mendation 1 to justify their recommendation. In addition,
panelists were influenced by the opinions their patients have
expressed about the benefits of using real-time CGM and
ADIPs in managing their diabetes.

Research Considerations

The advancements in technology both for CGM and for insu-
lin pump therapy emphasize the need for further research.
Proposed areas for future research include:

1. Comparing the available ADIPs
2. Including measures of patient-centered outcomes such as

ease of use, diabetes distress, and fear of hypoglycemia in
studies involving ADIP systems

Question 3. Should professional or personal real-time con-
tinuous glucose monitoring vs no continuous
glucose monitoring be used for people with
type 2 diabetes in the outpatient setting who
take insulin and/or sulfonylureas and are at
high risk for hypoglycemia?

Background

SMBG helps those with diabetes reach their glycemic targets
and alone can improve HbA1c in the outpatient setting.
Intensification of T2D therapy leads to hypoglycemia, which
is a feared complication and an important barrier to improved
glycemic management (54, 55). Hypoglycemia can be both
recognized and unrecognized, and individuals with IAH are
at high risk for recurrent episodes. Hypoglycemia increases
hospitalizations and health care usage, while also worsening
diabetes distress, glycemic control, and QOL. Outpatient
use of CGM reduces both hypoglycemia and the fear of hypo-
glycemia, as extrapolated from studies in T1D. Consider also
those at risk for hypoglycemia, including individuals outlined
in Table 1. The panel also identified those individuals requir-
ing enteral feeding with hyperglycemia and those with

steroid-related hyperglycemia as potentially benefitting from
CGM.

Recommendation 3

We suggest real-time continuous glucose monitoring

(CGM) be used rather than no continuous glucose

monitoring (CGM) for outpatients with type 2 dia-

betes (T2D) who take insulin and/or sulfonylureas

(SUs) and are at risk for hypoglycemia. (2⊕OOO)

Remarks

• Professional CGM is a diagnostic tool used for the

short-term investigation of an individual’s glycem-

ic profile to determine glycemic patterns and to as-

sist with therapeutic management.

• PersonalCGM is a tool for patients touse in real time

at home to assist the patient and their health care

professionals (HCPs) inmakingbothshort-and long-

term adjustments in their therapeuticmanagement.

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
aOeKMkoV4SY.

Benefits and Harms

The SR included 6 RCTs (55–59) that compared the use of pro-
fessional or personal real-time CGM in patients with T2D vs
not using CGM (41). The use of CGM probably reduces
HbA1c (MD −0.20; 95% CI, −0.34 to −0.05; moderate cer-
tainty), and, compared to the baseline values, patients who
used CGM likely spent less percentage of their time below
70 mg/dL (3.9 mmol/L) (MD −0.57; 95% CI, −0.99 to
−0.14; moderate-certainty evidence). The evidence suggests
therewas nodifference between those using and those not using
CGM with regard to the proportion of patients with glucose
lower than 70 mg/dL (3.9 mmol/L) (very low-certainty evi-
dence), or less than 54 mg/dL (3.0 mmol/L) (very low-certainty
evidence), the number of episodes per patient of glucose less
than 70 mg/dL (3.9 mmol/L) (very low-certainty evidence),
less than 54 mg/dL (3.0 mmol/L) (low-certainty evidence), or
less than 40 mg/dL (2.2 mmol/L) (low-certainty evidence),
time spent below 70 mg/dL (3.9 mmol/L) (low-certainty
evidence), or TIR 70 to 180 mg/dL (3.9 to 10.0 mmol/L) (low-
certainty evidence). Compared to the baseline values, the evi-
dence suggests there was no difference in TIR 70 to 180 mg/
dL (3.9 to 10.0 mmol/L) when initiating CGM (very low-
certainty evidence), but the evidence is very uncertain. Three
of the included studies reported no severe hypoglycemia events
during their study period (56–58). One study reported one epi-
sode of myocardial infarction (MI) in the CGM group (56).

Other Evidence-to-Decision Criteria
and Considerations

The panel noted that patient-related factors are important in
the outpatient use of CGMs (60–63). Some individuals with
diabetes may be intimidated by technology or may not feel
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comfortable with having a device on their body (64, 65).
Those using CGM often raise concerns about CGM alerts
being bothersome to them, including in the work setting,
and may also be disruptive for their family members
(66, 67).Many of the data available regarding individual com-
fort and concerns regarding use of CGMcome from studies in-
volving people with T1D. However, many of the concerns
regarding CGM use will be similar between those with T1D
and those with T2D.
The panel identified that, in the SR, the costs of hypoglycemia

(including ambulance calls, ED visits, and hospitalizations for
severe hypoglycemia) were not compared with the costs of
CGM devices. There may be a group of individuals with dia-
betes for whom substantial cost savings are possible, including
those with IAH as well as those patients with comorbidities
that place them at high risk for hypoglycemia (68–70).
T2D ismore common in individuals with low socioeconomic

status as well as in minorities, many of whom are uninsured or
underinsured (71, 72). The current health insurance landscape
makes obtaining a CGM device difficult, if not impossible, for
these people. Individuals with private insurance will most likely
have greater access to CGM use. CGMs differ in costs, and it is
not clear fromstudieswhichdevicewouldbebest recommended
for a certain patient group. The acquisition of and reimburse-
ment for devices from insurers, patient education and data re-
port generation, and electronic medical record integration
need to be simplified and standardized. The panel also noted
that often a caregiver applies the CGM and assists the person
with diabetes in its use. Therefore, it is important that anyone
involved in using the CGM receive appropriate and adequate
education (73). Barriers to the use ofCGMdevicesmay be over-
come by ensuring that all involved receive this education.
The panel noted that individuals with diabetes and their

providers both typically favor the use of CGM. Data also sug-
gest that the intervention is likely acceptable to key stakehold-
ers. The panel noted that there may be considerable barriers
for initiation of CGM in T2D due to the resource-heavy na-
ture of the intervention, and that future research should deter-
mine what barriers exist both in primary care and
subspecialist settings, and methods for overcoming those bar-
riers. The panel noted that CGMs support virtual care and re-
mote patient monitoring, which is becomingmore widespread
with the availability of telehealth services (74–76).

Justification for the Recommendation

The panel justified a conditional recommendation due to the
importance of reducing outpatient hypoglycemia in those
with T2D but recognized the indirectness of the evidence and
the broader population included in the studies vs those only
at high risk for hypoglycemia, including specific subgroups.
There is also concern about the resources necessary and the un-
certainty about the cost and coverage of CGM, although both
are slowly improving. Therefore, there is very low certainty of
the evidence. The panel noted there was very little evidence for
the use of personal or professional CGM in individuals taking
SUs. However, the benefits of reducing hypoglycemia were felt
to be important enough that the conditional recommendation,
on very low certainty evidence, was made.

Implementation Considerations

The panel noted that while SUs and insulin were the focus for
this recommendation, other medications including the

meglitinides, are also associated with an increased risk for
hypoglycemia and individuals taking these medications would
also likely benefit from the use of personal or professional
CGM.

Research Considerations

The importance of reducing hypoglycemia in outpatients with
T2D with the use of CGM emphasizes the need for further re-
search. Proposed areas for future research include the following:

1. Developing new, simpler devices that will be acceptable
to individuals with diabetes and HCPs and that integrate
ambulatory glucose data directly into outpatient medical
records

2. Evaluating hypoglycemia reduction as the major out-
come of outpatient CGM use in T2D and evaluating its
effect on patient outcomes, complications, and cost

3. Evaluating hypoglycemia outcomes with newer available
devices that have predictive alerts or warnings regarding
pending hypoglycemia

Question 4. Should initiation of continuous glucose moni-
toring in the inpatient setting vs not using con-
tinuous glucose monitoring be used for select
people at high risk for hypoglycemia?

Background

Hypoglycemia is a limiting factor for glucose management and
occurs frequently in high-risk hospitalized patients with T1D
and T2D. Contributing factors for hypoglycemia are multifac-
torial and include patient, treatment, and institutional process
factors (77). Hospitalized patients may not consistently experi-
ence symptoms of hypoglycemia (78). Intermittent POC-BG
monitoring, which is the current method for checking inpatient
glucose levels, is time-consuming and not desirable to patients.
In contrast, CGMs measure interstitial glucose levels every 1 to
5 minutes via scanning of device and are helpful in the out-
patient setting to warn of impending hypoglycemia and can
be similarly used in the hospital setting. Several studies have
demonstrated the detection of hypoglycemia (especially noctur-
nal) and asymptomatic hypoglycemia byCGM thatwasmissed
with traditional POC-BG testing (79, 80).

Recommendation 4

We suggest initiation of continuous glucose monitor-

ing (CGM) in the inpatient setting for select inpatients

at high risk for hypoglycemia. (2⊕OOO)

Remarks

• This should be performed via a hybrid approach in

which CGM use is combined with periodic point-

of-care blood glucose (POC-BG) testing to validate

the accuracy of CGM.

• Inpatient CGMuse is not currently approved by the

US Food and Drug Administration (FDA) but cur-

rently has enforcement discretion. It has been

used in hospitals recently with emergency use au-

thorization during the COVID-19 pandemic.
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Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
tYzX0tRdowc.

Benefits and Harms

The SR included 6 studies, 4 RCTs (81–84), and 2 observa-
tional studies (85, 86) that evaluated the effect of initiation
of CGM in the inpatient setting (41). The focus of these studies
wasmore on accuracy of CGMdata in the hospital and less on
the benefits of CGM utilization in the hospital specifically
hypoglycemia reduction.
The initiation ofCGM in the inpatient setting likely results in

a large reduction in the occurrence of episodes of glucose less
than 54 mg/dL (3.0 mmol/L) (OR0.11; 95% CI, 0.03 to 0.37;
moderate-certainty evidence) and likely reduces the percentage
of time spent below 54 mg/dL (3.0 mmol/L) (MD−0.57; 95%
CI,−1.02 to−0.11;moderate-certainty evidence). The evidence
suggests therewas nodifference in the occurrence of episodes of
glucose less than 70 mg/dL (3.9 mmol/L) (very low–certainty
evidence), proportion of patients with glucose less than
54 mg/dL (3.0 mmol/L) (very low-certainty evidence), time be-
low 70 mg/dL (3.9 mmol/L) (low-certainty evidence), or TIR
70 to 180 mg/dL (3.9 to 10.0 mmol/L) (very low-certainty evi-
dence), but the evidence is uncertain.
Only 1 RCT examined the frequency of severe hypogly-

cemia, seizures, loss of consciousness, and mortality, but did
not observe any events (82). Similarly, 2 observational studies
did not observe any episodes of severe hypoglycemia (85, 86).
These single-arm studies found that the proportion of patients
with glucose less than 70 mg/dL (3.9 mmol/L) and less than
54 mg/dL (3.0 mmol/L) detected by CGM was higher com-
pared with POC-BG testing (P= .001 and P= .001, respect-
ively). This suggests CGM detects more hypoglycemia than
POC-BG.

Other Evidence-to-Decision Criteria
and Considerations

The panel identified individuals with diabetes who would es-
pecially benefit from initiation of CGM in the hospital
(Table 3), including those with characteristics shown in
Table 1. The panel also delineated the elements needed for ini-
tiation of CGM in the inpatient setting, shown in Table 4.
Inpatients without diabetes who may be at high risk for hypo-
glycemia may also include those with significantly poor nutri-
tion (with low glycogen stores), fulminant renal and liver
failure, and sepsis, as well as those with a need for insulin ther-
apy due to illness severity and enteral or parenteral feeding
(88). The panel also identified those patients with
steroid-related hyperglycemia as individuals who might bene-
fit from inpatient CGM. CGM may not be accurate in their
initial warm-up period, although this time is getting shorter
with newer devices. Inpatient CGM use may not be appropri-
ate for individuals for whom there are concerns regarding
each CGM’s accuracy. These include those patients with
hypotension and vasoconstriction (including thosewho are se-
verely dehydrated, volume depleted, or requiring vasopressor
therapy), patients who are edematous or with anasarca, and
patients with DKA and/or severe hyperglycemia. Clinicians
must consider substances known to interfere with CGM ac-
curacy, including high-dose vitamin C and hydroxyurea.
Patients with extremes of both hyperglycemia and hypogly-
cemia should have their CGM results corroborated with
POC-BG checks. The panel noted that having a system to in-
tegrate CGM data with the EHR system in the inpatient set-
ting is a difficult yet crucial process and needs to be
addressed. The panel noted that the focus of the recommenda-
tion is on the use of CGM for hospital care and not necessarily
to continue the CGM use after discharge.

Justification for the Recommendation

The panel justified a recommendation in favor of initiating
CGM use in the inpatient setting for select inpatients at high
risk for hypoglycemia, based on very low-certainty evidence.
High value was placed on acceptability by HCPs and patients.
Although resource requirements may be large, effect on im-
proved resource utilization and cost-effectiveness is not
known (eg, considering potential savings).

Table 3. Candidate inpatients at high risk for hypoglycemia for the

initiation of inpatient continuous glucose monitoring

• Those with impaired awareness of hypoglycemia
• Individuals age 65 years and older
• Individuals with a BMI ≤ 27 kg/mg2

• Those with T1D, who often have variable glycemic control
• Those requiring high-dose steroids, or tapering off steroids
• Those requiring parenteral nutrition or enteral nutrition, who may
be at risk for hypoglycemia if the dietary source of glucose is
discontinued/changed/interrupted

• Those isolated for a contagious disease (eg, COVID-19), as CGM
may assist with reducing health care personnel exposure and the
need for personal protective equipment

• Individuals with chronic kidney disease (stages 3-5) and/or liver
disease or critical illness, given their higher propensity for
hypoglycemia

• Individuals with comorbid conditions that might increase their risk
for hypoglycemia including a history of cerebrovascular accident,
active malignancy, congestive heart failure, pancreatic disorders, or
infection

• Individuals with a history of preadmission hypoglycemia or
hypoglycemia during recent/current admission

Abbreviations: BMI, body mass index; T1D, type 1 diabetes; CGM,
continuous glucose monitoring.

Table 4. Elements needed for initiation of personal continuous

glucose monitoring in the inpatient setting

Engagement, training, and education of nursing personnel and other
health care providers

Patient education regarding care of the device and how to respond to
alerts for high or low BG

Purchase of equipment (eg, sensors, transmitters, receivers)

Expertise from health care professionals knowledgeable in this
technology

Oversight and guidance for CGM use

Integration of CGM data with hospital electronic medical record

Clarity of assigned responsibility for interpreting and acting on CGM
data

Source: Adapted fromGalindo RJ et al. J Diabetes Sci Technol, 2020; (14)4
(87). © Diabetes Technology Society
Abbreviations: BG, blood glucose; CGM, continuous glucose monitoring.
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Implementation Considerations

• The panel noted that prior to initiating CGM use in the
hospital, there needs to be an adequate framework and re-
sources, including staff that are trained in CGM devices
who can aid in their management. An appropriate security
and privacy data infrastructure will need to ensure patient
data safety with inpatient use of these devices.

• The panel also noted there must be guidelines and proc-
esses for when the CGM device must be removed for im-
aging and surgical procedures in the hospital.

• This recommendation does not apply to situations in
which CGM may not be accurate, including in patients
with extensive skin infection, hypoperfusion, or hypovol-
emia and those receiving vasoactive or pressor therapy.
Some medications can cause inaccurate CGM readings
(eg, acetaminophen more than 4 g/day, dopamine, hep-
arin, vitamin C, hydroxyurea).

Research Considerations

The importance of reducing hypoglycemia in inpatients with
diabetes by using CGM emphasizes the need for further
research. Proposed areas for future research include the
following:

1. Evaluating accuracy and safety of initiating CGMdevices
in different patient populations to define inpatients at
high risk for hypoglycemiawhowould benefit from its use

2. Evaluating whether inpatient CGM should be used for
determining insulin dosing (currently, hospitals require
POC-BG checks to dose insulin for patients wearing their
own CGMs when hospitalized)

Comments

• Hospital teams need tomonitor future changes in FDA ap-
proval for inpatient CGM (which currently has emergency
use authorization due to the COVID-19 pandemic).

• Expanding CGM use successfully in the hospital will re-
quire substantial resource utilization and support in areas
of HCP education of devices with clear protocols, process
maps, and documentation guidelines.

Question 5. Should continuation of personal continuous
glucose monitoring in the inpatient setting vs
discontinuation of continuous glucose moni-
toring be used for people at high risk for hypo-
glycemia who are already using it?

Background

The increasing use of CGM devices in the outpatient set-
ting has led to significant improvements in glycemic con-
trol and decreased glucose variability. These devices are
not currently approved for inpatient use, but emerging
data have led to increasing interest in incorporating
CGM in the hospital setting. Individuals with diabetes
(and their families) frequently express dissatisfaction and
anxiety with discontinuation of their personal CGM in
the inpatient setting.

Recommendation 5

We suggest continuation of personal continuous glu-

cosemonitoring (CGM) in the inpatient settingwith or

without algorithm-driven insulin pump (ADIP) ther-

apy rather than discontinuation. (2⊕OOO)

Remarks

• This should be performed via a hybrid approach in

which CGM use is combined with periodic point-

of-care blood glucose (POC-BG) testing to validate

the accuracy of CGM.

• Inpatient CGM use is not currently approved by the

US Food and Drug Administration (FDA) but cur-

rently has enforcement discretion. It has been

used in hospitals recently with emergency use au-

thorization during the COVID-19 pandemic.

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
Xi4rwJwcO_o.

Benefits and Harms

The SR found no research evidence comparing continuation
of personal CGM in the inpatient setting with the comparator
of discontinuation of personal CGM (41).
The panel recommendation considered the indirect evi-

dence from research identified in recommendation 4 that fo-
cused on the benefits and harms of initiating CGM in adult
inpatients at risk for hypoglycemia. Based on low-certainty
evidence that there may be a higher detection rate of hypogly-
cemia, lower percentage time spent with hypoglycemia and
hyperglycemia, and likely lowermean BG (moderate-level cer-
tainty) with the use of CGM in patients at high risk for hypo-
glycemia, the panel found that CGM use is probably favored
over POC-BG testing alone. See recommendation 4 for a more
detailed summary of those findings.
Based on this indirect evidence of moderate desirable effects

and small undesirable effects, the panel recommended continu-
ationofpersonalCGMin the inpatient setting rather thandiscon-
tinuation for inpatients who are already using personal CGM.

Other Evidence-to-Decision Criteria and
Considerations

Panel members placed a high value on the moderate benefits
that may occur with CGM use, especially avoidance of hypo-
glycemia, over insignificant negative effects. Hypoglycemia is
common in the hospital setting, and several studies have dem-
onstrated the detection of symptomatic hypoglycemia and
asymptomatic hypoglycemia by CGM that was missed by
traditional POC-BG testing (82, 84–86). Patients with person-
al CGMare very likely to want to continue to use their person-
al CGM in an inpatient setting. Indeed, anecdotally, patients
and their families are often anxious or dissatisfied if hospital
policy requires their discontinuation.
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The accuracy of CGM devices when compared to POC-BG
measurements in the inpatient setting has been demonstrated
as moderate to good in several RCT and non-RCT studies in
the inpatient setting (85, 86, 89). The lower accuracy of CGM
at extremes of glycemic excursion events introduces a potential
for inappropriate therapeutic interventions; however, this risk
is mitigated when hospitals implement processes to obtain con-
firmatory laboratory or bedside POC-BG values prior to adjust-
ments in insulin or other glucose-modifying therapies.
The acceptability of CGM depends in part on the resources

needed to deploy this intervention (Table 4). For those con-
tinuing personal CGM in the hospital, the staff will also
need to identify and document the preexisting CGM and pres-
ence or absence of a subcutaneous insulin pump. There will
need to be a process to ensure that the personal CGM is in
working order, and health care personnel will need to receive
education about the different types of devices that patients
may bring in (eg, CGMs with and without predictive alerts).
Hospitals will need to consider costs associated with training
of personnel who will be using these devices as well as in-
creased costs that could occur with integration into the
EHR, repeated sensor malfunctions, or need for removal and
replacement in patients undergoing magnetic resonance im-
aging or other radiologic procedures (82, 90). However, there
are potential cost savings attributable to reductions in nurse
time for performing POC-BG testing, reducing hypoglycemia
events, and lowering laboratory costs for verifying POC-BG
measures (91). A recent study found that transmission of infor-
mation from CGM devices to a nursing station with alerts for
upward or downward trends in sensor glucose values could re-
duce time with glucose values out of desired range (83). We
note that the costs for continuing personal CGM in the in-
patient setting is less than the cost of starting CGM de novo.
Overall, the panel determined that the feasibility of introducing

CGM for noncritically ill patients at high risk for hypoglycemia
will vary by institution, depending on the resources available to
support the effort. Successful implementation requires that proto-
cols, education, andEHRchanges reinforce several crucial aspects
of care, including appropriate patient selection, verification that
the personal CGM is functioning properly, and education regard-
ing the different CGM devices available (88, 92).

Justification for the Recommendation

The balance of effects probably favors continuation of CGM
use in the inpatient setting for those patients who are already
using personal CGM, based on very low-certainty and indirect
evidence. The panel placed high value on acceptability by
HCPs and patients (and their families) and a high value on pre-
vention of hypoglycemia. Although resource requirements
may be large, cost-effectiveness was not known (eg, consider-
ing potential savings). CGM has become the standard of care
for pediatric T1D in the ambulatory setting. Patients and their
families rely on CGM to feel safe, particularly at night. Patient
and family dissatisfaction with discontinuing a CGM already
in use in the ambulatory setting was therefore taken into ac-
count by the panel. The panel also notes that during the
COVID-19 pandemic, the use of CGM increased to minimize
contact with patients and reduce sleep interruption.

Implementation Considerations

• CGMglucose values alone should not be used to guide ad-
justments in clinical care. CGM readings should always be

confirmed with laboratory or bedside POC-BG monitor-
ing prior to adjustments in insulin or other glucose-
modifying therapies.

• This recommendation does not apply to situations in
which CGM may not be accurate, including in patients
with extensive skin infection, hypoperfusion, or hypovol-
emia and those receiving vasoactive or pressor therapy.
Some medications can cause inaccurate CGM readings
(eg, acetaminophen more than 4 g/day, dopamine, hep-
arin, vitamin C, hydroxyurea).

• This recommendation does not apply to patients who are
unwilling or unable to follow hospital CGM protocols or
to patients with contraindications, such as those undergo-
ingmagnetic resonance imaging. Individuals should be en-
couraged to bring their own CGM supplies to the hospital
for their personal use.

Research Considerations

The importance of reducing hypoglycemia in inpatients with
diabetes via the use of personal CGM emphasizes the need
for further research. Proposed areas for future research in-
clude the following:

1. Evaluating the accuracy and safety of continuing these
devices in surgical areas and critical care units

2. Identifying patient selection criteria for continuation of
personal CGM

3. Evaluating the use of CGM devices in combination with
ADIPs

4. Gauging nurse satisfaction and level of confidence with
continuing personal CGM devices

Comments

• The panel acknowledges that recruitment for RCTs for
continuation of personal CGMs vs discontinuation may
be problematic, given the reluctance of individuals with
diabetes and their families to discontinue personal CGM
owing to their perception that it confers safety from ser-
ious hypoglycemic events.

• Hospital teams need to monitor future changes in
FDA approval for inpatient CGM (which currently has
emergency use authorization due to the COVID-19
pandemic).

• Hypoglycemia adverse drug event reporting involving
continued use of personal CGM in the inpatient
setting needs to be examined carefully on an ongoing
basis.

Question 6. Should inpatient glycemic surveillance and
management programs leveraging electronic
health record data vs standard care be used
for hospitalized people at risk for
hypoglycemia?

Background

Several academic and community-based hospitals have de-
veloped computerized glycemic surveillance and manage-
ment programs that are integrated with their EHRs (93).
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These programs include data from the EHR (including fin-
gerstick BG data, laboratory-measured BG data, and CGM
data if available) and put this information into a database
that can be readily analyzed for pertinent patterns. These
data can be compiled into reports that allow for coordin-
ation of glycemic management in real time by multiple
patient care team members including nursing staff, hospital-
ists, and consulting endocrinologists who can make changes
to a given patient’s diabetes-related therapies in real time to
reduce the risk for hypoglycemia. It also allows for the cre-
ation of hospital-based teams whose role is to evaluate pa-
tient glycemic trends, including hypoglycemia, leading to
hospital-wide interventions to reduce adverse glycemic
outcomes.

Recommendation 6

We recommend that inpatient glycemic surveillance

and management programs leveraging electronic

health record (EHR) data be used for inpatients at

risk for hypoglycemia. (1⊕OOO)

Remarks

• The panel defined leveraging EHR data as specific

hospital staff using glycemic data collected within

the EHR (from all admitted patients) to identify

those at risk for and those having hypoglycemic

and hyperglycemic episodes to develop mecha-

nisms for managing and mitigating these adverse

outcomes. Standard care is lack of such a

program.

• EHR data leveraged includes patterns of glycemia

with proactive alerts for high and for low trends, so

that hypoglycemia and severe hyperglycemia can

be identified in a systematic fashion. Staff can then

intervene on these trends (eg, adjusting insulin in-

fusion rates) to avoid unwanted outcomes (repeat

hypoglycemia, glycemic variability, etc).

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
ZkhlYmdz66c.

Benefits and Harms

The SR identified 1 RCT and 8 nonrandomized studies to ad-
dress this question (41). The use of a glycemicmanagement pro-
grammay result in fewer patients with glucose less than 70 mg/
dL (3.9 mmol/L) (OR0.55; 95%CI, 0.39 to 0.77), correspond-
ing to 75 fewer (95% CI, from 105 fewer to 37 fewer) patients
with glucose less than 70 mg/dL (3.9 mmol/L) per 1000patients
(low-certainty evidence) (94–98). Computerized glycemic man-
agement programs may reduce episodes of glucose less than
70 mg/dL (3.9 mmol/L) per patient (MD −0.40; 95% CI,
−0.79 to−0.01) (very low-certainty evidence), but (99) may re-
sult in fewer patients with severe hypoglycemia (OR 0.11; 95%
CI, 0.03 to 0.34), corresponding to 30 fewer patients (95%CI,
from 32 fewer to 22 fewer) per 1000 patients (very low-
certainty evidence) (94, 95, 98), but the evidence is very uncer-
tain. Data from the single RCT demonstrated that

computerized glycemic management programs likely led to
more TIR (glucose 60 to 180 mg/dL [3.3 to 10.0 mmol/L])
(MD 3.30; 95% CI, 3.22 to 3.38) compared with those ran-
domly assigned to standard of care (moderate-certainty evi-
dence) (100). The evidence suggests there were no differences
in total number of episodes of glucose less than 70 mg/dL
(3.9 mmol/L) or less than 54 mg/dL (3.0 mmol/L), and no dif-
ference was found in mortality, although these data were of
very-low certainty (96, 97, 99, 100).

Other Evidence-to-Decision Criteria
and Considerations

The panel members determined that this recommendation ad-
dressed a high-priority problem—that of inpatient hypogly-
cemia. Hypoglycemia is dangerous and costly as well as
associated with significant adverse outcomes and increased
hospital length of stay (LOS) with poor recovery and in-
creased mortality (101–104). Patients who are admitted to
the hospital often have IAH and may have acute medical con-
ditions or require therapeutics that further impair hypogly-
cemia awareness (101). The panel noted that the Centers for
Medicaid and Medicare (CMS) will include hypoglycemia as
a priority quality measure in the inpatient setting beginning
in 2023, with potential financial penalties for institutions
with excessive rates of hypoglycemia.
The panel appreciated that the inpatient setting includes a

very heterogeneous population at risk for hypoglycemia but
agreed that all patients and HCPs would value hypoglycemia
avoidance and its complications. They noted that patients and
their caregivers in the hospital are often fearful of iatrogenic
hypoglycemia and value its reduction (105, 106). The panel
also appreciated that computerized glycemic surveillance and
management programs can be very costly with high resource re-
quirements. Staff training can be very time-intensive, and re-
peated education is required. For an inpatient glycemic
surveillance and management program to work well, there
must be integration between glucometers throughout the hos-
pital, the main laboratory, and the EHR, so that daily reports
can be easily created and made available to hospital staff.
Staff must be trained to interpret and troubleshoot the program,
and nursing staff and other clinical staff must be trained in how
tomake pertinent clinicalmanagement changes in a timelyman-
ner based on review of data received. These requirements may
be very difficult to satisfy for a smaller hospital systemwith few-
er resources and a lower volume of patients with diabetes.
However, the panel felt that if the intervention led to substantial
reductions in hypoglycemia episodes and hospital LOS, costs
may overall balance out (107–109). The panel also noted that
inpatient hyperglycemia and its management can predispose pa-
tients to developing hypoglycemia and noted that hypergly-
cemia and hypoglycemia should preferably be addressed using
the same glycemic surveillance and management program.
The staff involved in such a program may depend on the

type of hospital, and may include diabetes educators, nurses,
pharmacists, and advanced practitioners including nurse prac-
titioners and physician assistants/associates. The panel raised
concerns about equity, and as mentioned, while most hospital
systems have basic standardized protocols geared toward
treating hypoglycemia, not all systems have the resources to
purchase and use a computerized glycemic surveillance and
management program. The panel is hopeful that hospital sys-
tems will prioritize funding for such programs once inpatient
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hypoglycemia becomes one of the electronic clinical quality
measures that hospitals can choose for reporting to CMS.

Justification for the Recommendation

The panel agreed that the high-value desirable anticipated ef-
fects of using an inpatient glycemic surveillance and manage-
ment program that leverages EHR data to rapidly identify
and reduce hypoglycemia in hospitalized patients warranted
a strong recommendation, although they acknowledged this
was based on very low-certainty evidence. The panel deter-
mined that cost and hospital personnel time considerations
were the primary concerns regarding the use of such a pro-
gram and noted that costs and benefits may differ in different
health care settings. However, the panel noted that the an-
ticipated substantial reductions in inpatient hypoglycemia
would lead to overall reductions in costly hospital LOS
and hypoglycemia-related adverse effects.

Research Considerations

The importance of reducing hypoglycemia in the inpatient set-
ting in at-risk patients by using inpatient glycemic manage-
ment programs emphasizes the need for further research.
Proposed areas for future research include the following:

1. Implementing methods for inpatient glycemic surveil-
lance and management programs, including integrating
CGM data into EHR

2. Evaluating inpatient glycemic surveillance andmanagement
programs to better define appropriate quality measures

Question 7. Should long-acting insulin analogs vs human
insulin be used for people on basal insulin ther-
apy who are at high risk for hypoglycemia?

Background

Insulin-related hypoglycemia is common, leading to an esti-
mated 100000 annual emergency room visits in the United

States alone (110). Everyone with T1D, and an estimated
20% to 30% of individuals with T2D, will require insulin
management during the course of their lifetime, and the ma-
jority of these individuals will require basal insulin therapy
(111). With the global increases in prevalence both of T1D
and T2D, it is expected that the percentage of individuals
with diabetes using basal insulin will increase in the coming
years. Any therapeutic intervention that may reduce an indi-
vidual’s risk for hypoglycemia should be a priority. This ques-
tion addresses whether long-acting insulin analogs have
advantages over human neutral protamine Hagedorn (NPH)
insulin with respect to reducing hypoglycemia in individuals
with diabetes at high risk for hypoglycemia (Table 5).

Recommendation 7

We suggest long-acting insulin analogs be used ra-

ther than human neutral protamine Hagedorn (NPH)

insulin for adult and pediatric outpatients on basal in-

sulin therapy who are at high risk for hypoglycemia.

(2⊕OOO)

Remarks

• Patientswhoareathighrisk forhypoglycemiaarede-

fined as thosewith a history of severe hypoglycemia

(requiring assistance to manage), impaired aware-

ness of hypoglycemia (IAH), and/or medical condi-

tions that predispose them to severe hypoglycemia

including renal and hepatic dysfunction.

• The panel placed high value on reducing severe

hypoglycemia and found moderate-certainty evi-

dence for severehypoglycemia reductionas anout-

come in those using long-acting analog insulins vs

NPH insulin. However, the panel acknowledges that

most studies of long-acting analog insulins do not

assess for significant adverse effects (including car-

diovascular outcomes) and that many studies were

designed to demonstrate noninferiority of analog

insulin compared with human NPH insulin.

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
JvDJ63I_Who.

Benefits and Harms

The SR identified 41 RCTs that compared long-acting insulin
analogs with NPH insulin and that addressed this question
(41). The use of long-acting insulin analogs likely results in a
lower proportion of patients with mild-to-moderate hypogly-
cemia (OR 0.79; 95% CI, 0.66 to 0.96), corresponding to 57
fewer patients per 1000 (95%CI, 102 fewer to 10 fewer), com-
pared with humanNPH insulin (moderate-certainty evidence)
(113–118). Long-acting insulin analogs also likely result in a
lower proportion of patients with severe hypoglycemia (OR
0.71; 95% CI, 0.59 to 0.85), corresponding to 27 fewer pa-
tients per 1000 (95% CI, 38 fewer to 14 fewer) (moderate-
certainty evidence) (114–116, 118–136). Long-acting analogs
may result in more TIR (defined as glucose 70-180 mg/dL
[3.9 to 10.0 mmol/L]) (MD 7.10; 95%CI, 3.57 to 10.53; low-

Table 5. Currently available insulin preparations

Preparations Currently available

Prandial or correctional insulin preparations

Very rapid-acting insulins Faster aspart
Lispro-aabc

Rapid-acting insulins Aspart
Glulisine
Lisproa

Short-acting insulin Regular insulin

Basal insulin preparations

Intermediate-acting insulin NPH

Long-acting insulins Glargineb

Detemir
Degludeca

Reprinted with permission from Korytkowski MT,Muniyappa R, Antinori-
Lent K, et al. Management of Hyperglycemia in Hospitalized Adult Patients
in Non-Critical Care Settings: An Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab. 2022;107(8):2101–2128 (112).
Abbreviation: NPH, neutral protamine Hagedorn.
aAvailable in U100 and U200 preparations.
bAvailable in U100 and U300 preparations.
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certainty evidence) (137, 138). Those taking long-acting insu-
lin analogs may have a lower HbA1c compared with those
taking human NPH insulin (MD −0.14; 95% CI, −0.24 to
−0.04; low-certainty evidence) when comparing values at
follow-up (113–121, 123, 126, 128, 129, 132, 133, 135–
149). Long-acting insulin analogs may also result in a lower
HbA1c compared with human NPH insulin when comparing
values to baseline (MD −0.10; 95% CI, −0.19 to −0.01; low-
certainty evidence) (113–121, 123, 125–130, 132–151). Of
note, the panel placed a high value on the reduction of severe
hypoglycemia as an outcome and noted that the hypoglycemia
associatedwith basal insulin often occurs at night, a particular-
ly worrisome event for patients. Also, analog insulins are lon-
ger acting and can often be dosed once per day, and flexibility
in timingofdosingmaybepreferredbypatients. Thepanel also
noted that older studies included in the SRmayhavehaddiffer-
ent definitions for severe hypoglycemia and varying use (or no
use) of CGM.
The evidence suggests therewere no differences between those

patients taking long-acting insulin analogs compared with those
taking humanNPH insulin with respect to asymptomatic hypo-
glycemia, glucose less than 70 mg/dL (3.9 mmol/L) regardless of
symptoms, episodes of severe hypoglycemia, percentage of time
spent below 70 mg/dL (3.9 mmol/L), episodes of seizures or loss
of consciousness, patients with MI or stroke, and mortality;
however, the evidence for these outcomes was low or very-low
certainty (41). The panel noted that most studies were of short
duration (less than 1 year) and that adverse event outcomes in-
cludingMI, seizure, stroke, and deathwere rare, and thus placed
lower value on these outcomes. The panel also noted that most
trials of longer duration that included severe hypoglycemia as an
outcome were not designed to capture these rare adverse events
and that original studies were designed as noninferiority trials
for drug approval.

Other Evidence-to-Decision Criteria
and Considerations

The panel placed high value on reducing hypoglycemia, not-
ing that hypoglycemia leads to individuals with diabetes
(and parents of children with T1D) feeling fearful, which af-
fects their daily lives and potentially leads to medication non-
adherence. Individuals with diabetes experiencing more
significant symptoms of hypoglycemia report having poorer
medication adherence and are more likely to report being
less satisfied with their medical care (152). Further, hypogly-
cemia often leads to changes in an individual’s social function-
ing and may be associated with increased absenteeism from
work (153). However, not all people have the same degree of
concern regarding hypoglycemia, especially mild-to-moderate
hypoglycemia. This variability in how individuals tolerate
hypoglycemia may affect their opinions regarding the use of
analog vs human NPH basal insulin. Specifically, if individuals
are more willing to tolerate hypoglycemia, they may not be
more willing to pay more for more costly analog insulins.
Long-acting analog basal insulins may be cost-effective for

individuals with T1D or T2D, but this is likely dependent on
patient characteristics as well as specific analog insulin charac-
teristics. The panel noted that the long-term costs of hypogly-
cemia are not insignificant in relation to the costs of
long-acting insulin analogs. By reducing the risk for severe
hypoglycemia, insulin analogs may reduce costly ED visits
and hospitalizations (154). Reductions in hypoglycemia

associatedwith insulin analogsmay also encourage insulin ad-
herence, with resulting reductions in expensive comorbid
complications of diabetes. Data from retrospective analyses
conducted in the United States, Canada, and Europe have
demonstrated that analog basal insulins are cost-effective
when assessed by cost per quality-adjusted life year (QALY)
(154–160). These studies included people with T1D and
T2D. However, not all cost-effectiveness analyses have been
in favor of analog basal insulins, with SRs showing consider-
able variation in cost-effectiveness between studies (161–
163). It is important to note that more information is needed
regarding the cost-effectiveness of the newer long-acting ana-
log basal insulins, including U300 glargine and insulin deglu-
dec, as most studies available compare these newer insulins to
other available analog insulins (eg, glargine and detemir) and
not to human NPH insulin (Table 5).
The panel recognized that individuals’ socioeconomic sta-

tus would affect their ability to pay for analog insulins, which
are more expensive than human NPH insulin. For those who
do not have health insurance or are underinsured, costs for
analog insulins may be substantial. Also, access to analog in-
sulins may vary in different health care settings, including in
international settings. The panel acknowledged that this is a
rapidly changing issue, as less expensive biosimilar insulins
are now readily available (164, 165).

Justification for the Recommendation

The panel felt that if cost were not a consideration, long-
acting basal analog insulins would be preferred bymost peo-
ple with diabetes and their HCPs given their association
with less severe hypoglycemia and favorable pharmacody-
namic characteristics. However, insulin analogs may not
be acceptable to health systems (including insurance com-
panies) given costs. Nevertheless, there are potential cost-
savings downstream including expected reductions in health
care usage (related to hypoglycemia and diabetes comorbid-
ities), given improved medication adherence and improved
glucose control. The panel noted that in pediatric popula-
tions the standard of care for individuals using MDIs to
manage their diabetes is to use a once-daily long-acting ana-
log for basal insulin. NPH insulin requires at least twice dai-
ly dosing, (some intensive regimens use 3 NPH doses daily),
which is generally not preferred by those with diabetes or
their caregivers.
The panel placed high value on reducing severe hypogly-

cemia and foundmoderate-certainty evidence for severe hypo-
glycemia reduction as an outcome in those using long-acting
insulin analogs vs human NPH insulin. However, the panel
acknowledged that most studies of long-acting insulin analogs
did not assess for significant adverse events (including cardio-
vascular outcomes), and that many studies were designed to
demonstrate noninferiority of analog insulin compared with
human NPH insulin. The panel also noted that there may be
individuals for whom NPH insulin is preferred because of its
pharmacokinetic profile. This includes individuals taking glu-
cocorticoids and those using enteral feeding.
The panel determined that cost considerations were the pri-

mary concern regarding the use of insulin analogs, especially
in underinsured and uninsured people in the United States.
They acknowledged that this may differ by country. The panel
felt that acceptability favored long-acting insulin analogs giv-
en their ease of use (ie, once-daily dosing).
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Research Considerations

The importance of reducing hypoglycemia via the use of long-
acting insulin analogs emphasizes the need for further research.
Proposed areas for future research include the following:

1. Analyzing TIR using real-time CGM to determine a more
accurate incidence of hypoglycemia

2. Evaluating the rates of hypoglycemia with newer long-
acting analog insulins, including biosimilar insulins

3. Evaluating costs and cost-effectiveness of different insulins

Question 8. Should rapid-acting analogs vs regular (short-
acting) human insulin be used for people on
basal-bolus therapy who are at high risk for
hypoglycemia?

Background

Hypoglycemia is common, affecting almost two-thirds of peo-
ple with diabetes, with an additional 7.5% reporting severe
hypoglycemia (166). Individuals reporting severe hypogly-
cemia are more than 3 times more likely to die within 5 years
compared with those without severe hypoglycemia (95% CI,
1.5 to 7.4; P= .005). Hypoglycemia is also associated with in-
creased diabetes-related distress and affects the ability towork
and medication adherence. Interventions that reduce the oc-
currence of and risk for hypoglycemia should be prioritized.
This question addressed whether rapid-acting insulin analogs
have advantages over human regular (short-acting) insulin
with respect to reducing hypoglycemia in those who are at
high risk for low blood glucose levels (Table 5).

Recommendation 8

We suggest that rapid-acting insulin analogs be used

rather than regular (short-acting) human insulins for

adult andpediatric patients onbasal-bolus insulin ther-

apy who are at high risk for hypoglycemia. (2⊕OOO)

Remarks

• Patients who are at high risk for hypoglycemia are

defined as those with a history of severe hypogly-

cemia (requiring assistance to manage), impaired

awareness of hypoglycemia (IAH), and/or medical

conditions that predispose them to severe hypo-

glycemia including renal and hepatic dysfunction.

• The panel placed high value on reducing severe

hypoglycemia and found moderate-certainty evi-

dence for reduction of mild-to-moderate and se-

vere hypoglycemia as an outcome in those using

rapid-acting analog insulins vs regular (short-

acting) insulin. However, the panel acknowledges

that many studies were designed to demonstrate

noninferiority of analog insulin comparedwith hu-

man regular (short-acting) insulin. Also, many of

the data available for review demonstrating reduc-

tions in hypoglycemia were in adults with type 1

diabetes (T1D); very few data were available re-

garding the pediatric population.

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
jBgJgTG5VlQ.

Benefits and Harms

The SR identified 50 RCTs that compared rapid-acting insulin
analogs with regular (short-acting) insulin and addressed this
question (41). The use of rapid-acting insulin analogs likely re-
sults in fewer episodes of severe hypoglycemia (IRR 0.74;
95% CI, 0.65 to 0.86) compared with human insulin
(moderate-certainty evidence) (145, 167–180). Rapid-acting
insulin analogs may result in lower values of HbA1c at follow-
up when compared with human insulin (when studied
< 3 years) (MD −0.08; 95% CI, −0.13 to −0.03) (low-
certainty evidence), though the difference was of limited clin-
ical relevance, and there were serious concerns regarding risk
of bias and inconsistency of results between the trials (114,
119, 145, 167–172, 174, 176–205).
Of note, rapid-acting insulin analogs likely result inmore pa-

tients having mild-to-moderate hypoglycemia (defined as glu-
cose less than 70 mg/dL [3.9 mmol/L]) compared with those
taking human insulin (OR 1.33; 95% CI, 1.09 to 1.61)
(moderate-certainty evidence) (174, 180, 186, 198, 206). This
difference corresponded to 59 more patients (95% CI, from
19 more to 94 more) per 1000 patients using rapid-acting ana-
log insulin having mild-to-moderate hypoglycemia compared
with those patients using human insulin. The panel noted that
many people with diabetes taking insulin are most concerned
about severe hypoglycemia but viewedmild-to-moderate hypo-
glycemia as a necessary and acceptable risk to maintain desir-
able control of glycemia.
The evidence suggests there were no differences between

those patients taking rapid-acting insulin analogs compared
with those taking human insulin with respect to episodes of
glucose less than 50 mg/dL (2.8 mmol/L), mild-to-moderate
hypoglycemia, patients with asymptomatic hypoglycemia,
symptomatic hypoglycemia, episodes of symptomatic hypogly-
cemia, patients with glucose less than 70 mg/dL (3.9 mmol/L)
regardless of symptoms, patientswith severehypoglycemia, pa-
tients in a coma, and mortality, but the available evidence for
these outcomes was of low or very-low certainty (41).

Other Evidence-to-Decision Criteria
and Considerations

The panel members determined that this recommendation
addressed a high-value issue for people with diabetes—
that of insulin-related hypoglycemia in individuals taking
rapid-acting or human short-acting insulin. Those with dia-
betes experiencing more significant symptoms of hypogly-
cemia report having poorer diabetes medication adherence
and are also more likely to miss work (152, 153). However,
the panel also acknowledged that ability to tolerate symptom-
atic hypoglycemia likely differs among people with diabetes,
and that individuals may also differ in their ability to tolerate
the consequences of hypoglycemia (eg, some may be more
willing to accept mild-to-moderate hypoglycemia if it means
they will achieve a HbA1c closer to their target, while others,
such as the parents of young children, may be less willing to
tolerate any degree of hypoglycemia).
The panel also acknowledged that the costs of using

rapid-acting insulin analog vs human insulin will depend on
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several patient-related factors, including their insurance status
and economic stability (employment, income, expenses, etc).
Rapid-acting insulin analogs may be cost prohibitive in unin-
sured and underinsured populations. Nevertheless, the panel
felt that, especially when considering costs at a population-
level, with reductions in the costs related to treating episodes
of severe hypoglycemia (eg, ED visits and hospitalizations),
rapid-acting insulin may be more cost-effective in those with
both T1D and T2D when compared with human insulin and
reviewed supportive data. The panel noted that individuals
with diabetes are often afraid to initiate or adjust insulin
therapy given concerns regarding hypoglycemia, which can
lead to the development of costly comorbid complications
with associated hospital visits (154). The fewer hypoglycem-
ic events described with analog insulins may be associated
with more insulin adherence, which would be cost-saving
in the long term. Data from Canada, Japan, and Europe
have demonstrated that rapid-acting insulin analogs are
often cost-effective when compared with regular insulin, al-
though there was considerable variability in cost savings in
these studies, including differences based on type of diabetes
(T1D or T2D) and type of rapid-acting analog insulin (insu-
lin aspart vs insulin lispro) (161, 207–209). For example, in
a study evaluating the cost-effectiveness of rapid-acting in-
sulin analogs in Canada, the authors found that insulin as-
part was cost-effective compared with regular insulin, but
only in those with T1D, and the study found that insulin lis-
pro was not cost-effective in patients with either T1D or
T2D (161). In a separate study evaluating the cost-
effectiveness of insulin aspart in different European coun-
tries in individuals with T2D, the authors found substantial
variability in cost savings, with insulin aspart being cost-
effective in Sweden and Spain but not Italy or Poland
(209). The panel also highlighted that more low-cost op-
tions are being made available for rapid-acting insulin ana-
logs and that studies evaluating the cost-effectiveness of
these new insulins, as well as some of the new faster-acting
insulin analogs (eg, faster-acting insulin aspart and insulin
lispro-aabc), are needed.
Although the panel could not find specific clinical trials

evaluating analog insulins and their effect on health equity,
a number of reviews exist that discuss this topic more gen-
erally (164, 165). The panel noted that the higher
out-of-pocket costs of rapid-acting insulin analogs would
have significant effects for the underinsured and uninsured
in the United States as well as in underserved populations in
other countries. The panel noted opportunities to increase
health equity globally with expanded medical insurance to
individuals in need and with improved coverage for insulin
analogs.
The panel noted that individuals may find paying for

rapid-acting insulin analogs more acceptable if they are asso-
ciated with both lower risks for nocturnal hypoglycemia and
less insulin-associated weight gain. The panel also noted
that individuals may be more willing to use rapid-acting insu-
lin analogs given their improved pharmacodynamic profiles,
specifically their more physiologic (and thus healthful) onset
and offset of action compared with human insulin. The panel
felt that physicians and other HCPs would likely accept higher
costs of analog insulins if they were more effective in reducing
hypoglycemia, but that health systems (including health insur-
ance companies, hospital formularies, etc) might not find
these costs to be acceptable.

Justification for the Recommendation

The panel agreed that, based on very low-certainty evidence, the
use of rapid-acting insulin analogs be used rather than regular
insulin for adult and pediatric individuals with diabetes on
basal-bolus insulin therapy who are at high risk for hypogly-
cemia. The panel placed high value on reducing severe hypogly-
cemia and found moderate-certainty evidence for mild-to-
moderate and severe hypoglycemia reduction as an outcome
in those using rapid-acting insulin analogs vs human insulin.
However, the panel acknowledged that many of the studies in-
cluded in their review were designed to demonstrate noninfer-
iority of analog insulins compared with human insulin, that
many of the data available for review demonstrating reductions
in hypoglycemia were in individuals with T1D, and that very
few data were available regarding pediatric populations. The
panel inferred that those with T2D would equally benefit from
the reduction in hypoglycemia seen in thosewith T1D.The pan-
el also noted that the standard of care for children and adoles-
cents using multiple injections of insulin is for the use of
rapid-acting insulin analogs rather than human regular insulin.
The panel determined that cost considerationswere the primary
concern regarding the use of insulin analogs, especially in the
underinsured and uninsured individuals in the United States
and acknowledged that this may differ by country.

Research Considerations

The importance of reducing hypoglycemia via the use of
rapid-acting insulin analogs emphasizes the need for further re-
search. Proposed areas for future research include the following:

1. Analyzing glucose TIR using real-time CGM to help de-
termine the true incidence of hypoglycemia

2. Evaluating rates of hypoglycemia and cost-effectiveness
with newer rapid-acting analog insulins, including biosi-
milar insulins

3. Evaluating rapid-acting insulin analogs in pediatric pop-
ulations and in people with T2D (the panel noted that, al-
though additional trials may be difficult as rapid-acting
insulin analogs are already FDA approved, these trials
are needed)

Question 9. Should a structured program of patient educa-
tion with follow-up vs unstructured advice be
used for people receiving insulin therapy who
are at high risk of hypoglycemia?

Background

Most people receiving insulin therapy are at risk for hypogly-
cemia. As a result of repeated hypoglycemia, they are at high
risk for IAH and hypoglycemia-associated autonomic failure.
Studies using CGM both in T1D and T2D have identified that
serious hypoglycemia occurs in many individuals with dia-
betes. In 6 studies including individuals with T1D, most par-
ticipants had serious hypoglycemia, with a majority having
multiple episodes per week, including episodes that were not
associated with symptoms (2, 33, 39, 210–212). Studies of
people with T2D have also demonstrated that hypoglycemia
is common, especially in those who are taking insulin (213–
215). Studies have identified level 2 hypoglycemia in patients
both with good and poor glycemic control and in patients
both with T2D and renal dysfunction (Table 2). Studies in
which a structured program of patient education aimed to
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help individuals at high risk for hypoglycemia have demon-
strated both reductions in the frequency of hypoglycemia
and a 30% improvement in the recognition of hypoglycemia
symptoms (216, 217). Given the high costs and morbidity as-
sociated with hypoglycemia, an educational program that
helps to reduce hypoglycemia favorably affects patient care.

Recommendation 9

We recommend that a structured program of patient

education over unstructured advice be used for adult

and pediatric outpatientswith type 1 diabetes (T1D) or

type 2 diabetes (T2D) receiving insulin therapy.

(1⊕⊕OO)

Remarks

• Structured education on how to avoid repeated

hypoglycemia is critical, and this education should

be performed by experienced diabetes clinicians.

Moreover, insurance coverage for education

should be available for all insulin-using patients.

• The recommendation is not intended to limit struc-

tured education only to those on insulin therapy;

for example, patients using sulfonylureas (SUs)

andmeglitinides are also at risk for hypoglycemia,

and the recommendation also applies to this pa-

tient population.

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
7QaF1GWXxRg.

Benefits and Harms

The SR identified 19 studies, 10 RCTs, and 9 nonrandomized
comparative trials that compared structured counseling vs no
structured counseling (41). Participation in a structured pro-
gram of patient education may reduce the number of episodes
of severe hypoglycemia (OR0.25; 95% CI, 0.13 to 0.47; low-
certainty evidence) and HbA1c at follow-up in randomized
(MD −0.35; 95% CI, −0.50 to −0.20; moderate-certainty evi-
dence) and nonrandomized studies (MD−0.34; 95%CI,−0.40
to −0.29; very low–certainty evidence). Structured educational
programsmay result in less percentage of time with glucose less
than 54 mg/dL (3.0 mmol/L) (MD−2.8; 95%CI,−2.4 to−3.2;
very low-certainty evidence), but the evidence is very uncertain.
There may be no differences in the proportion of patients with
glucose less than 70 mg/dL (3.9 mmol/L) or percentage of time
spent in the 70 to 180 mg/dL (3.9 to 10.0 mmol/L) range or be-
low 70 mg/dL (3.9 mmol/L) (low-certainty evidence). The evi-
dence also suggests there were no differences found in the
proportion of patients having severe hypoglycemia or death
(very low-certainty evidence), but it is very uncertain. Overall,
the panel felt there were moderate desirable effects favoring
the intervention and trivial undesirable effects, which was the
basis for the panel’s strong recommendation despite low-
certainty evidence, placing high value on the outcome of severe
hypoglycemia, which was considered a life-threatening situ-
ation for people with diabetes.

Other Evidence-to-Decision Criteria
and Considerations

The reduction of hypoglycemia was considered a high priority
for individuals both with T1D and T2D; therefore, a struc-
tured diabetes education program that includes hypoglycemia
and its prevention is a priority, especially for people with
diabetes using insulin. The panel noted that reducing hypogly-
cemia is a high-valueoutcome, and experiencinghypoglycemia
results in increased diabetes distress (218). The panel discussed
that there may be variability in how people prioritize hypogly-
cemia relative to their personal glycemic targets. For example,
some people with diabetes may accept hypoglycemia as a side
effect of “tight” glycemia management, whereas others with
IAH may not attribute their symptoms to hypoglycemia and
feel they are able to remain functional even at low glucose lev-
els. However, the panel agreed that hypoglycemia is always an
unwanted outcome, and it should be avoided whenever pos-
sible in all people with diabetes.
The panel considered additional elements such as duration

of the education program and number of educational sessions
(Table 6). The type of education each individual receives
should be personalized and based on their availability, and
it should address language barriers and cultural components
(226–228). The panel discussed the possible unintentional
consequence of people with diabetes not receiving sufficient
education and the effect of cost of education or insurance
coverage limitations for these individuals (229, 230). The pan-
el noted that, in the United States, accredited programs from
the American Diabetes Association or the Association for
Clinical Diabetes and Education Specialists allow institutions
to receive reimbursement for the education services provided
(231). The panel emphasized that structured diabetes educa-
tion programs should be a continuum and that the individual’s

Table 6. Elements for a structured diabetes education program in

those at risk for hypoglycemia

Education should be provided by individuals with specific training in
providing the program, including, but not limited to, diabetes
educators, nurses, and dieticians.

Education can be provided both in one-on-one and group sessions.

The education program should include active, hands-on learning
modalities, with discussions and exercises aimed at instructing
participants in the risk factors associated with and management
strategies for reducing and treating hypoglycemia.

Key elements of the
program

Avoiding delay of hypoglycemia treatment

Knowing optimal treatments for hypoglycemia

Recognizing individual’s particular risk factors
for hypoglycemia

Improving individual’s ability to recognize
subtler symptoms of hypoglycemia

Focusing on methods for reducing nocturnal
hypoglycemia

Note: Structured diabetes education programs that teach the basics
regarding insulin management and diet have been shown to improve HbA1c
while reducing severe hypoglycemia and also to reduce psychologic distress
(216, 219, 220). Structured educational programs that focus on reducing
hypoglycemia episodes by having participants focus on internal and external
cues of hypoglycemia (eg, physical symptoms, mood changes, food intake,
physical activity) have also been shown to reduce episodes of severe
hypoglycemia and to improve awareness of hypoglycemia in those who have
IAH (221–225).
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needs should be reevaluated as their educational needs change
over time. This would include the education needed to initiate
technology associated with preventing hypoglycemia (eg, in-
sulin pumps and CGMs).
The panel viewed the use of multiple educational formats as

important, such as online tools, telehealth, on-demand tools,
and interactive apps as options for structured programs, in
addition to in-person classes, all with a goal of improving ac-
cess. The panel felt it was particularly important to offer struc-
tured education during each patient life transition, such as
from pediatric to young adult care or to older adult settings
or based on clinical conditions (including those that increase
risk for hypoglycemia such as liver or renal disease). In par-
ticular, for the pediatric population, the panel felt that imple-
mentation of a structured education program should allow for
reeducating at appropriate developmental stages and especial-
ly in transition from pediatric to adult care (continuum of edu-
cation program).

Justification for the Recommendation

Overall, the panel determined that these data supported a
strong recommendation for structured education for reducing
hypoglycemia for people both with T1D and with T2D, al-
though this recommendation was based on low-certainty evi-
dence. The evidence suggests structured education results in
fewer episodes of severe hypoglycemia and better glycemic
control and few undesirable effects. The panel felt that indi-
viduals with diabetes and their caregivers would strongly val-
ue the benefits seen with structured education.

Research Considerations

The importance of structured education about hypoglycemia
in people with diabetes emphasizes the need for further re-
search. Proposed areas for future research include the
following:

1. Evaluating the benefits of structured education in patients
with T2Dwho are receiving medications other than insu-
lin that increase the risk for hypoglycemia (eg, SUs and
meglitinides)

2. Comparing group vs individual structured education
programs

3. Evaluating the effects of structured education programs
for reducing hypoglycemia in diverse populations

4. Evaluating outcomes regarding who provides the educa-
tion, duration of the education, virtual vs in-person pro-
grams, and involvement of patient partners and family in
the education program

Question 10. Should glucagon preparations that do not have
to be reconstituted vs preparations that do
have to be reconstituted be used for people
with severe hypoglycemia?

Background

Severe hypoglycemia is a common acute complication of insu-
lin therapy in individuals with T1D andT2D, and SUs andme-
glitinides used for the treatment of T2D can also cause severe
hypoglycemia. Prolonged severe hypoglycemia is associated
with neurologic and cardiovascular complications and may
cause coma and death. Severe hypoglycemia is a frequent

cause of costly ED visits and use of emergencymedical services
(EMS) (232–237). Despite its well-established efficacy as the
primary treatment for acute, severe hypoglycemia, glucagon
is underprescribed and underutilized (238, 239). Injectable
glucagon can rapidly reverse hypoglycemia; however, prior
to the advent of nasal and stable liquid glucagon preparations,
glucagon administration required a multistep procedure to re-
constitute lyophilized glucagon powder before it was injected.
A consequence of this complex administration includes fre-
quent failure to administer full therapeutic doses in treated pa-
tients. This leads to emergency medical treatment and/or
admission to a hospital. The high rate of failure to administer
the full, correct dose by untrained and even trained individuals
makes this an exigent issue.

Recommendation 10

We recommend that glucagon preparations that do

not have to be reconstituted over glucagon prepara-

tions that do have to be reconstituted (ie, available

as a powder and diluent) be used for outpatients

with severe hypoglycemia. (1⊕OOO)

Summary of Evidence

The EtD framework with a detailed summary of the evidence
can be found online at https://guidelines.gradepro.org/profile/
PsNW-5ankRw.

Benefits and Harms

The SR identified 7 RCTs and 2 nonrandomized pre-post
studies that compared glucagon preparations that do not
have to be reconstituted to glucagon preparations that do
have to be reconstituted (Table 7). All RCTs were included
in the meta-analysis, whereas the nonrandomized studies
were reported narratively (41). Time to recovery from hypo-
glycemia may be longer with the preparations that did not re-
quire reconstitution (MD 2.22 minutes; 95% CI,
1.09 to 3.36; low-certainty evidence), whereas the proportion
of patients who recovered from hypoglycemia andwhose neu-
roglycopenic symptoms cleared may not be different (very
low-certainty evidence), but the evidence is very uncertain.
Nasal adverse events (IRR 5.51; 95% CI, 1.91 to 15.90;
moderate-certainty evidence) and ophthalmologic adverse
events (IRR 6.21; 95% CI, 1.84 to 20.91; moderate-certainty
evidence) were likelymore frequent with preparations that did
not need to be reconstituted. Two studies reported that most
patients (66.6% to 71.1%) recovered from a moderate hypo-
glycemic event 15 minutes after using nasal glucagon (low-
certainty evidence) (240, 241).

Table 7. Currently available glucagon preparations

Glucagon: emergency kit, with powder and diluent

Nasal glucagon

Glucagon (stable liquid): autoinjector, prefilled syringe

Dasiglucagon: autoinjector, prefilled syringe
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Other Evidence-to-Decision Criteria and
Considerations

The panel noted that hypoglycemia and the use of glucagon
are priorities for all individuals with diabetes who are at risk
for hypoglycemia, as hypoglycemia is common and costly.
Ease of glucagon administration is important because family
and friends are typically who administers the glucagon.
Newer glucagon preparations can be easily delivered by the in-
tranasal route or by autoinjectors with stable glucagon that
are easy and intuitive to administer, and education of family,
friends, and colleagues in how to administer the glucagon is
critical.
All the available glucagon formulations have roughly

equivalent efficacy (if properly administered) and there are
only insignificant differences with respect to adverse effects
and cost. Panel members placed a very high value on the avail-
ability and use of readily administered glucagon by trained or
untrained bystanders.
Studies were conducted in a controlled clinical setting in

which mild-to-moderate hypoglycemia was induced and glu-
cagonwas administered by a nurse, which is an indirect setting
for outpatient use. The panel noted that this setting would not
be representative of the real world in which severe hypogly-
cemia necessitating glucagon administration occurs spontan-
eously and often during the night. Glucagon is typically
administered by a nontrained family member or other third
party in a stressful, high-anxiety state.
The panel evaluated potential cost savings associated with

newer glucagon formulations. A cost-effective modeling study
suggested that nasal glucagon would reduce the costs associ-
ated with treating episodes of severe hypoglycemia (242). A
second modeling study found that stable liquid glucagon res-
cue pens and prefilled syringes were predicted to be associated
with significant annual cost savings (243).
The panel placed high value on ease of glucagon administra-

tion. Studies of nasal glucagon have shown that caregivers find
it easy to administer and that it is less intimidating than inject-
able glucagon both in adult and pediatric populations
(240, 241, 244). Studies evaluating the use of glucagon auto-
injectors have also shown them to be easier to use than trad-
itional glucagon formulations that require reconstitution
(245, 246).
The panel highlighted implementation considerations for

pediatric populations, as nasal glucagon is approved for
ages 4 years and older, dasiglucagon (stable liquid glucagon)
has FDA approval for ages 6 years and older, and liquid stable
glucagon is approved for ages 2 years and older. This relates to
the age of children included in the trials that led to FDA ap-
proval. The clinician managing a child with T1D younger
than age 6 years must decide whether to use standard gluca-
gon or prescribe a newer formulation off label.

Justification for the Recommendation

The panel justified a strong recommendation despite the low
quality of evidence, based on the recognition that severe hypo-
glycemia is a major life-threatening concern for individuals
withdiabetes and for their familymembers.Thebenefits ofa rap-
id treatment that is intuitive and easy to use is felt to be a critical
resource for family members and others who will typically use
such treatment. The panel discussed that there was noninferior-
itybetween those formsofglucagon requiring reconstitutionand
those not requiring reconstitution, with negligible differences in

desirable effects. Noninferiority, however, is relevant only once
the glucagon is given in full dosage.

Implementation Considerations

• Glucagon preparations that do not have to be reconsti-
tuted should be prescribed for all patients with diabetes
who use insulin or insulin secretagogues (SUs,
meglitinides).

• Family members, coworkers, friends, roommates, school
personnel, coaches, etc should be instructed on when
and how to administer glucagon.

• When glucagon preparations that do not have to be recon-
stituted are not available, family members, coworkers,
friends, roommates, school personnel, coaches, etc should
be instructed on when and how to administer those gluca-
gon preparations that require reconstitution.

• Ready-to-use glucagon formulations should be available
for use by EMS and in medical offices, schools, airports,
and other pertinent locations.

Research Consideration

The importance of treating acute severe hypoglycemia with
glucagon emphasizes the need for further research. A pro-
posed area for future research is analyzing how often new glu-
cagon preparations are used and their effect on resource
utilization (eg, EMS, hospitalization, and evaluation of poten-
tial savings).

Methods of Development of Evidence-Based

Clinical Practice Guidelines

This guideline was developed using the GRADE (Grading
of Recommendations Assessment, Development and
Evaluation) methodology (247). A detailed description of
the Endocrine Society guideline development program can
be found online at https://www.endocrine.org/clinical-
practice-guidelines/methodology. This methodology includes
the use of EtD frameworks to ensure all important criteria
are considered when making recommendations (248, 249).
The process was facilitated by the GRADEpro Guideline
Development Tool (GRADEpro GDT) (250). This GDP con-
sisted of 7 content experts representing the following special-
ties: endocrinology, pediatric endocrinology, hospital
medicine, and pharmacy. A patient representative was
also included on the panel. Members were identified by
the Endocrine Society Board of Directors and the
Clinical Guidelines Committee (CGC) and were vetted ac-
cording to the conflict-of-interest policy for clinical practice
guidelines, which can be found online at: https://www.
endocrine.org/-/media/endocrine/files/cpg/methodology-page-
refresh/conflict_of_interest_cpg_final.pdf (251). This was
adhered to throughout the guideline process to manage and
mitigate conflicts of interest. Detailed disclosures of panel
members and the management strategies implemented during
the development process can be found in Appendix A. In add-
ition, the group included a clinical practice guideline (CPG)
methodologist from the Mayo Evidence-Based Practice
Center, who led the team that conducted the SRs and meta-
analyses, and a methodologist from the McMaster
University GRADE Centre, who advised on methodology
and moderated the application of the EtD framework and de-
velopment of the recommendations. All members of the GDP
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underwent training in guideline participation and GRADE
methods led by MacGRADE Centre methodologists and in-
formed by the Guideline Participant Tool (252).
GDP members were assigned to lead support to the SR team

and present evidence to the GDP for each guideline question.
The questions addressed in this guideline were prioritized
from an extensive list of potential questions through a survey
and discussion; 10 questions were identified asmost important.
TheMayo Evidence-Based Practice Center conducted a system-
atic review for each question and produced GRADE evidence
profiles that summarized the body of evidence for each question

and the certainty of the evidence (41). The systematic searches
for evidence were conducted on July 2020 and updated in
April 2022. In parallel to the development of the evidence sum-
maries, the GDP members searched for and summarized re-
search evidence for other EtD criteria, such as patients’ values
and preferences, feasibility, acceptability, costs/resource use,
cost-effectiveness, and health equity. Research evidence sum-
maries noted in theEtD frameworkswere compiledusing stand-
ardized terminology templates for clarity and consistency (253).
During a series of video conferences, the GDP judged the bal-
ance of benefits and harms, in addition to the other EtD criteria,
to determine the direction and strength of the recommendation
(Tables 8 and 9) (253, 254).
The draft recommendations were posted publicly for exter-

nal peer review and were reviewed internally by Endocrine
Society members, the Society’s CGC, representatives of any
cosponsoring organizations, a representative of the board of
directors, and an expert reviewer. Revisions to the guideline
were made based on submitted comments and approved by
the CGC, the expert reviewer, and the board of directors.
Finally, the guideline manuscript was reviewed before publi-
cation by the Journal of Clinical Endocrinology and
Metabolism’s publisher’s reviewer.
This guideline will be reviewed annually to assess the state

of the evidence and determine if there are any developments
that would warrant an update to the guideline.
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Strength of
recommendation
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1—Strong
recommendation
for or against

Desirable consequences
CLEARLY
OUTWEIGH the
undesirable
consequences in most
settings (or vice versa)

Most individuals in this
situation would want the
recommended course of
action, and only a small
proportion would not.

Most individuals should follow
the recommended course of
action.

Formal decision aids are not
likely to be needed to help
individual patients make
decisions consistent with
their values and preferences.

The recommendation can be
adopted as policy in most
situations.

Adherence to this
recommendation according to
the guideline could be used as a
quality criterion or
performance indicator.

2—Conditional
recommendation
for or against

Desirable consequences
PROBABLY
OUTWEIGH
undesirable
consequences in most
settings (or vice versa)

The majority of individuals
in this situation would
want the suggested course
of action, but many
would not.

Clinicians should recognize that
different choices will be
appropriate for each
individual and that clinicians
must help each individual
arrive at a management
decision consistent with the
individual’s values and
preferences.

Decision aids may be useful in
helping patients make
decisions consistent with
their individual risks, values,
and preferences.

Policy-making will require
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involvement of various
stakeholders. Performance
measures should assess
whether decision-making is
appropriate.

Source: Data from Schünemann HJ, et al. Blood Adv. 2018, Nov 27;2(22):3198–3225 (256).

Table 8. Grading of Recommendations Assessment, Development

and Evaluation classification of guideline recommendations

Certainty of
evidence

Interpretation

High⊕⊕⊕⊕ We are very confident that the true effect lies
close to that of the estimate of the effect

Moderate⊕⊕⊕O We are moderately confident in the effect
estimate. The true effect is likely to be close to
the estimate of the effect, but there is a
possibility that it is substantially different.

Low⊕⊕OO Our confidence in the effect estimate is limited.
The true effect may be substantially different
from the estimate of the effect.

Very low⊕OOO We have very little confidence in the effect
estimate. The true effect is likely to be
substantially different from the estimate of
effect.

Source: Reprinted with permission from Schünemann HJ, Brożek J, Guyatt
GH, Oxman AD. GRADE Handbook. Handbook for grading the quality of
evidence and the strength of recommendations using the GRADE approach.
Updated October 2013. https://gdt.gradepro.org/app/handbook/handbook.
html#h.9rdbelsnu4iy. Accessed March 2, 2022 (255).
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• On reassessment in 2020, Dr McCall had an

Open Payments database entry for 2019 from

Eli Lilly for $4820 Associated Research

Funding payment made to UVA on March 27,
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type 2 diabetes—researching cardiovascular
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2013, when Dr McCall was still at University of
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• No management required.
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In the past they were supported by an unrestricted

educational grant to the University of Sheffield

from Novo Nordisk, but now have several such

grants from other partners. I don’t remember all
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• American Board of Internal Medicine (ABIM):
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Open Payments Database: https://openpayments
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• Dr Seaquist has industry relationships relevant to

this CPG.
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MannKind); and hypoglycemia treatments (gluca-

gon [Lilly, Novo Nordisk], somatostatin type 2 re-
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• Dr Seaquist did not vote on matters directly re-
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• Dr Seaquist did not draft guideline sections direct-
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• All GDP participants were made aware of Dr

Seaquist’s potentially relevant industry

relationships.

Wojtek Wiercioch, MSc, PhD

McMaster University GRADE Centre, Hamilton, ONT,

Canada
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Disclosures (2019-2022): None

Open Payments Database: N/A

Assessment and Management:

• No COI relevant to this CPG.

• No COI management required.

Joseph I. Wolfsdorf, MBBCh

Boston Children’s Hospital/Harvard Medical School,

Boston, MA, USA

Expertise: Pediatric endocrinology

Disclosures (2019-2022):

• Xeris Pharmaceuticals (Xeris markets glucagon

[GVOKE] and is evaluating stable, liquid glucagon

Table A PICO Questions Vis-a-Vis Potential WC Member Conflicts

PICO question GDP members with potentially pertinent
conflicts related to PICO

1. Should CGM vs SMBG be used for people with T1D receiving multiple daily injections? None

2. Should real-time CGM and algorithm-driven insulin pumps vs multiple daily injections with
SMBG 3 or more times daily be used for people with T1D?

None

3. Should professional or personal real time CGM vs no CGM be used for people with T2D in the
outpatient setting who take insulin and/or SUs and are at risk for hypoglycemia?

None

4. Should initiation of CGM in the inpatient setting vs not using CGM be used for select people at
high risk for hypoglycemia?

None

5. Should continuation of personal CGM in the inpatient setting vs discontinuation of CGM be used
for people at high risk for hypoglycemia who are already using it?

None

6. Should inpatient glycemic surveillance and management programs leveraging EHR data vs
standard care be used for hospitalized people at risk for hypoglycemia?

None

7. Should long-acting insulin analogs vs human insulin (NPH) be used for people on basal insulin
therapy who are at high risk for hypoglycemia?

Seaquist

8. Should rapid-acting insulin analogs vs regular (short-acting) human insulin be used for people on
basal bolus therapy who are at high risk for hypoglycemia?

Seaquist

9. Should a structured program of patient education with follow-up vs unstructured advice be used
for people receiving insulin therapy and who are at high risk of hypoglycemia?

None

10. Should glucagon preparations that do not have to be reconstituted vs preparations that do have to
be reconstituted be used for people with severe hypoglycemia?

Seaquist
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as a combination therapy inside a physiological,

closed-loop, bihormonal artificial pancreas. Xeris

also has pramlintide-insulin preparation on phase

2 trials according to its website. From Dr Wolfsdorf

September2020:“I servedon theDSMBfora clinical

trial of parenteral glucagon for treatmentof congeni-

tal hyperinsulinism.The trialwas terminated.The to-

tal amount I received, including travel expenses and

honorarium was $3625.”):Consultant fee for Data

Safety and Monitoring Board (study of stable form

of glucagon for treatment of congenital hyperinsu-

linism) (terminated 2019)

• UpToDate: Editorial board, pediatric diabetes and

hypoglycemia in children

• Ultragenyx: Data Safety Monitoring Board on gene

therapy for type 1 glycogen storage disease;

Chair Central Independent Committee for study on

gene transfer in patients with glycogen storage dis-

ease
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• Divestment: None required.

• COI management: The relationship with Xeris was

judged to be sufficiently low risk (ie, it seems ra-

ther implausible that his participation on the

Xeris DSMB will inappropriately influence his

work on the guideline), so no COI management

was required.

Robin Fein Wright, LCSW

Patient representative

Disclosures (2019-2022):

• DiabetesSisters (DiabetesSisters is a 501(c)(3)

nonprofit organization whose mission is to im-
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for support groups for T1D and T2D
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NOTES ON PRIOR PANEL MEMBERS:
1. An individual with no relevant conflicts of interest was

appointed as chair at the outset of guideline development

but given an inability to attend conference calls, they
were asked to step down from the Guideline
Development Panel in June 2020, prior to any significant
progress on the guideline.

2. An individual with the following relevant relationships
was appointed to the panel:
(a) Roche (Roche markets glucose monitoring systems,

namely Accu-Chek products [360 diabetes manage-
ment software, Aviva Expert meter, Aviva meter,
Aviva Nano meter, Combo system, Compact Plus
system, Connect diabetes management system,
FastClix lancing device, Lancing Devices for
Professionals, Smart Pix device reader model 2,
Softclix Lancet Device].): Speaker

(b) Novo Nordisk2: International Hypoglycaemia Study
Group member

(c) Insulet (The Insulet Corporation produces and mar-
kets the Omnipod Insulin Pump, a tubeless
closed-loop insulin pump.): Data Safety Monitoring
Board for patch pump hybrid closed loop.These rela-
tionships were assessed and managed as relevant to
PICOs 1, 2, 3,4, 5, 7, 8, and 10.

This individual’s participation on the panel ended in
November 2020, prior to the completion of evidence re-
views or any other significant work on the guideline.

3. An individual with the following relevant relationships
was appointed to the panel:
(a) Dexcom (Dexcom manufactures and markets con-

tinuous glucose monitors.): Consultant, Speaker
(b) Medtronic (Medtronic manufactures andmarkets in-

sulin pumps, continuous glucose monitors, and an
automated, closed-loop insulin delivery system
[MiniMed 670G].) : Consultant

(c) Novo Nordisk (Novo Nordisk manufactures and
markets Ozempic [semaglutide], Fiasp [insulin as-
part], Victoza [liraglutide], Tresiba [insulin deglu-
dec], Levemir [insulin detemir], Xultophy [insulin
degludec + liraglutide], Novolog [insulin aspart],
NovoLog Mix 70/30 [insulin aspart protamine and
insulin aspart], Novolin 70/30 [human NPH + regu-
lar insulin], Novolin N [human NPH insulin],
Novolin R [human regular insulin], Prandin [repagli-
nide], and GlucaGen HypoKit [glucagon].): Clinical
Advisory Board Member

(d) Study PI for pharma sponsored trials (all payments to
Northwestern University): Dexcom, Novo Nordisk,
AstraZeneca (AstraZeneca markets Bydureon [exe-
natide]; Byetta [exenatide]; Farxiga/Forxiga [dapagli-
flozin]; Komboglyze [saxagliptin and metformin
HCl]; Kombiglyze XR [saxagliptin and metformin
XR]; Onglyza [saxagliptin]; Qtern [dapagliflozin
and saxagliptin]; Symlin [pramlintide acetate];
Xigduo [dapagliflozin and metformin HCI]; Xigduo
XR [dapagliflozin and metformin HCI
extended-release].) UK, Eli Lilly (Eli Lilly markets
Baqsimi [glucagon], Basaglar [glargine insulin],
Glucagon for injection, Glyxambi [empagliflozin/li-
nagliptin], Humalog [lispro, 50/50, 75/25, U200],
Humulin [R, N, U500, 70/30], Jardiance [empagliflo-
zin], Jentadueto [linagliptin/metformin], Jentadueto
XR [linagliptin/metformin ER], Synjardy [empagli-
flozin/metformin], Synjardy XR [empagliflozin/
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metformin ER], Trajenta [linagliptin], Trulicity [du-
laglitide].), Insulet (The Insulet Corporation produ-
ces and markets the Omnipod Insulin Pump - a
tubeless closed-loop insulin pump), and
Bristol-Myers Squibb (Glucophage [metformin],
Glucophage XR [metformin ER], Glucovance [gly-
buride/metformin].) These relationships were as-
sessed and managed as relevant to PICOs 1, 2, 3, 4,
5, 7, 8, and 10.

During the development of this guideline, it came to the
attention of the CGC chair that this individual had taken
on new relationships and participated in marketing activ-
ities, in violation of the COI policy. This individual was
asked not to continue these activities or take on any
new relationships, but at that time and due to competing
priorities, they chose to resign from the panel in October
2021.

4. An individual with no relevant conflicts of interest was
appointed to the panel, but during the development of
the guideline, it came to the attention of the CGC chair
that they participated on an advisory board for
Dexcom. Although no payment was accepted, it still
posed a relevant COI that was in violation of Endocrine
Society policy. This individual resigned from the panel
in November 2021. No judgments were made or recom-
mendations drafted during the period between their par-
ticipation on the advisory board and their departure from
the panel, so no mitigation was necessary.
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