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Abstract

Glycated hemoglobin Alc (A1C) levels have traditionally been the gold standard for assessing
glycemic control and treatment efficacy in patients with type 2 diabetes. However, A1C does not
take into account fluctuations in blood glucose levels known as glycemic variability (GV). In
recent years, GV has become increasingly clinically relevant, because of a better understanding of
the need to reach target A1C while avoiding hypoglycemia. GV relates to both hyperglycemia and
hypoglycemia, and has been associated with poorer quality of life. Diabetes treatments targeting
multiple pathophysiological mechanisms are most beneficial in controlling A1C and reducing GV.
In clinical trials, a number of metrics are used to measure GV, many of which are not well
understood in the clinical practice. Until a gold standard metric for GV is established, the variety
of measurements available may confound the choice of an optimal treatment for an individual
patient.

INTRODUCTION

While the measurement of glycated hemoglobin Alc (A1C) is considered the gold standard
for assessing glycemic control in patients with diabetes, this measure does not take into
account fluctuations in blood glucose levels known as glycemic variability (GV).
Optimization of glycemic control requires a careful balance that allows patients to reach
target A1C while avoiding hypoglycemia.l In recent years, the importance of considering
GV, when optimizing treatment regimens has been receiving increasing interest from
researchers and physicians. Fluctuations in blood glucose can produce within-day (intra-day)
and day-to-day (inter-day) variations, which can increase both the risk of hypoglycemia
(particularly at target A1C levels or lower) and glycemic excursions into the hyperglycemic
range (particularly at higher A1C levels (Figure 1).2 3 However, regardless of reduction in
A1C levels, blood glucose fluctuations can still be present and, if not attenuated
concurrently with A1C, can contribute to hypoglycemic episodes (Figure 1). There is
evidence to suggest that GV can have an impact on patients’ psychological well-being and
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quality of life (QoL),* ° and furthermore, improvements in GV with diabetes treatment
result in improved QoL measures.®

EFFECTS OF GV ON PATIENTS

Glycemic Control

The relationship between GV and hypoglycemia has been elucidated in a number of studies,
with hypoglycemia being more common in patients with increased GV.8: 9 In a pooled
analysis of 6 randomized controlled trials of 1,699 adult patients with T2D who received 24
weeks of insulin glargine or comparators, all measures of GV were significantly associated
with poor glycemic control (A1C = 7.0%) and on-trial development of hypoglycemia.1® In
addition, a reduction in GV correlated strongly with reductions in both hypoglycemia and
hyperglycemia episodes.1! Furthermore, it has been shown that intra-day GV is associated
with an increased risk of overall and nocturnal hypoglycemia.12 Given that the risk of
hypoglycemia increases with treatment intensification,9 it is useful to understand that
hypoglycemia can be predicted based on both intra-day and inter-day GV in insulin-treated
patients.8: 1314

Both postprandial hyperglycemia and fasting hyperglycemia contribute to overall
hyperglycemia and A1C levels, with postprandial glucose (PPG) being the main contributor
to hyperglycemia at A1C levels closer to control (A1C < 7.0%).1% Although, basal insulin
therapy is effective in reducing fasting plasma glucose (FPG) and preprandial blood glucose
levels, Riddle et al showed that insulin glargine also reduces PPG.16 In addition, the
FLuctuATion reduction with inSUlin and Glp-1 Added togetheR (FLAT-SUGAR) trial
showed that the use of a glucagon-like peptide-1 receptor agonist (GLP-1 RA), rather than
prandial insulin, may have a greater effect in reducing GV while maintaining similar A1C
levels.1” The FLAT-SUGAR trial enrolled 102 patients with T2D, with increased risk for
cardiovascular disease, and with A1C between 7.5% and 8.5%.17 After an initial run-in
period on metformin and basal-bolus therapy with rapid-acting insulin, patients were
randomized to either continue with basal-bolus therapy or change to metformin and basal
insulin plus a twice-daily GLP-1 RA (exenatide). Continuous glucose monitoring (CGM)
was used to assess GV. At 26 weeks, and despite similar A1C levels being attained in both
treatment groups, the coefficient of variation (CV) of glucose measurements (a measure of
variation in glucose levels around the mean level)!® was significantly reduced in patients
treated with basal insulin plus a GLP-1 RA compared with those who received basal- bolus
therapy.1” A range of other GV metrics also showed greater reductions in the basal insulin
plus GLP-1 RA group. This study demonstrates that although different diabetes treatments
may reduce A1C to a similar extent, their effectiveness in reducing GV can differ
significantly.1’Furthermore, even patients with optimal A1C control can experience
significant daily fluctuations in blood glucose levels,1° and high rates of GV have been
observed in patients with T2D, despite management with diet and exercise, oral antidiabetes
drugs (OADs) and insulin therapy.2°

Glucose excursions can differ from patient to patient, with factors such as gender and current
treatment strategies being known to influence GV in patients with T2D.21 For example,
younger age and a higher body mass index can contribute to wider glucose fluctuations.
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Moreover, patients on intensive therapy (triple combination or insulin therapy) and with
higher A1C levels are at a greater risk of experiencing extreme glucose excursions than
those with lower A1C levels.?1

Diabetes-Related Complications

Mortality

QoL

GV has also been shown to be associated with markers of endothelial and cardiovascular
damage—even in patients with diabetes of short duration accompanied by optimal glycemic
control.22 In patients with T2D and acute myocardial infarction, GV has been shown to
predict mortality,23 with increased risk of mortality being observed in patients with
increased visit-to-visit GV.24

Cardiovascular risk factors in T2D have been shown to be directly related to PPG levels.?>
The beneficial cardiovascular effects of diabetes therapy may relate to the type of therapeutic
agent used, with GLP-1 RAs, in particular, having a PPG-lowering effect.286 GLP-1 RAs, as
well as sodium glucose cotransporter 2 inhibitors, have demonstrated significant
improvements in GV.27 In people with T2D, high GV has been associated with cognitive
impairment.28 29 Furthermore, it has been demonstrated that diabetes treatment with any
class of drug that reduces GV, such as dipeptidyl peptidase (DPP-4) inhibitors, may have an
associated protective benefit on cognition in older patients with T2D.30

Recently, the link between GV and the occurrence of severe hypoglycemia and subsequent
mortality has been highlighted by secondary analyses of data from the double-blind Trial
Comparing Cardiovascular Safety of Insulin Degludec versus Insulin Glargine in Patients
with Type 2 Diabetes at High Risk of Cardiovascular Events (DEVOTE). These analyses
show that patients with doubled day-to-day fasting GV have an increased risk of severe
hypoglycemia and all-cause mortality,3! and that those who experience severe hypoglycemia
have a more than two- fold higher risk of all-cause mortality and cardiovascular death, even
after adjusting for potential confounding factors.32

Several studies have demonstrated that GV has implications for patients’ psychological well-
being and QoL. In insulin-treated patients, high GV has been associated with poor QoL,
particularly in response to treatment-related and diabetes-related emotional problems.* ®
Increased GV has also been associated with increased length of hospital stays among
inpatients with diabetes.33 In addition, sleep and nocturnal respiratory disturbances have
been shown to be related to disturbances in glucose metabolism.34 Nocturnal hypoglycemia
was detected in 39% of 24-hour CGM readings taken from 83 insulin-treated elderly people
(65-80 years of age) over a 6-month period.3> Conversely, when diabetes treatment is
associated with the perception of reduced GV, there is a corresponding improvement in QoL
measures, such as work productivity, absenteeism and treatment satisfaction.®

Am J Med Sci. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Umpierrez and Kovatchev Page 4

HOW TO MEASURE GV

With increasing interest in the clinical importance of GV in T2D, there are a growing
number of publications describing the metrics for assessing GV. This wealth of information
is often confusing for both physicians and patients,” with physicians being faced with as
many as 20 different metrics for assessing GV.3¢ The lack of a uniformly accepted standard
of measurement (a gold standard) for GV poses a challenge for those who want to compare
studies or use this information in clinical practice. While detailed accounts of available GV
metrics are presented elsewhere, here, we emphasize 2 principal measures: the amplitude of
glucose excursions and time spent outside a target range (i.e., time spent in the
hypoglycemic or hyperglycemic ranges) (Figure 2).37

Amplitude of GV

The traditional approach to measuring GV consists of assessing the amplitude of glycemic
excursions (Figure 2),3” which relies on self-monitored blood glucose (SMBG) data or on
CGM. Some of the key metrics for GV amplitude are summarized in Table 1.18:38, 39,40
Mean amplitude of glycemic excursions was the first to be developed, primarily to capture
mealtime-related glucose excursions,*! and has been used widely for assessing GV.38. 42
While most physicians in clinical practice are familiar with the use of standard deviation
(SD; total SD, intra-day SD and inter-day SD),” GV-related research utilizes CV (which is
the SD divided by the mean)18 as the preferred amplitude measure.#1 CV is a metric related
to mean blood glucose, and it is easier to describe hypoglycemic excursions using CV
(compared with using SD alone) as GV is significantly influenced by mean blood glucose.
18,41 A recent international consensus statement for CGM recommends that when
measuring GV, CV should be used as the primary measure, with SD as a secondary measure
because of its familiarity to physicians.18

Other important aspects to consider, when measuring the amplitude component of GV is that
the hyperglycemic range is much broader than the hypoglycemic range, and that the risk for
hyperglycemia and hypoglycemia are clinically independent.3” Therefore, a 20 mg/dL
decline in blood glucose in the hypoglycemia range (e.g., a drop from 70 to 50 mg/dL) is
clinically more relevant than a 20 mg/dL rise in the hyperglycemia range (e.g., an increase
from 160 to 180 mg/dL).3” Consequently, other metrics (such as low blood glucose index
and high blood glucose index) that specifically assess hypoglycemia and hyperglycemia,
respectively, may be more useful measures in this regard.3

Timing of Glucose Excursions

Including time as an additional component of GV results in greater complexity, which may
be a reason why metrics relying on time are not widely used in clinical practice. However,
with the increasing availability of CGM in recent years, such time-related GV metrics have
become more well-known.” Perhaps, the most clinically important of these metrics is the
measure of time the patient spends within, above and below the target blood glucose range
(Figure 2).37 Time in targeted blood glucose range (TIR) provides valuable information on
the level of glycemic control, but gives only a partial picture of overall glycemic control18;
time spent outside of the target range (both below and above target) also needs to be
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assessed separately, because they show different trends toward hypoglycemia and
hyperglycemia, respectively, which is important information for therapy adjustment.
18Clinically, an assessment of TIR can help patients understand how hypoglycemia or
hyperglycemia improves with treatment over time. If the amount of time spent in
hypoglycemic or hyperglycemic ranges is categorized into “action levels,” it can guide the
urgency and degree of clinical response required.18 Reflecting this, a recent international
consensus statement on interpretation of CGM data recommends that time spent outside of
the target range be assessed and reported as a key diabetes control metric in clinical studies.
18 With an increase in the use of CGM devices in the management of T2D, these metrics
may also become increasingly important in routine practice.

CGM Devices

There are 3 basic types of CGM devices: “real-time” CGM devices, which continuously
track glucose concentrations in the interstitial fluid; intermittently viewed CGM devices,
which show continuous glucose measurements retrospectively at the time the patient or
physician checks the data; and diagnostic CGM, which the patient is blinded to, and is
intended to inform the physician about the patient’s blood glucose levels in their day-to-day
lives.18: 43 All 3 types of CGM provide detailed information about glucose variability. While
both real-time and intermittently viewed CGM devices monitor the TIR, real-time CGM can
also warn users in real-time if their blood glucose is trending toward the hypoglycemic or
hyperglycemic ranges.18 Various CGM devices of these types are commercially available,
each of which has certain advantages and disadvantages. Overall, the new-generation CGM
devices are becoming simpler and less expensive to use. For example, the FreeStyle Libre
“flash” CGM device (Abbott Diabetes Care) is associated with lower daily costs compared
with other systems, and does not require daily finger pricks for calibration with a SMBG
device. However, this is an intermittently viewed CGM device, with data being stored and
downloaded later, and so it does not provide hypoglycemia or hyperglycemia alarms.*4
Another example, Dexcom’s CGM system, is a real-time device which can communicate
directly with patient, care-giver and physician smart devices, and can send high and low
blood glucose alerts. While the older versions of this device needed to be calibrated against
SMBG at least twice a day; the new G6 generation is now finger-prick free using a factory
calibration.*® Finally, a diagnostic CGM system, such as the iPro CGMS (Medtronic
Diabetes, Northridge, CA)*3 is capable of sensing blood glucose at 5-minute intervals
throughout the course of the day, and is used over a 3-day period to obtain information
regarding blood glucose levels. Patients are advised to maintain a log of daily activities, such
as mealtimes and therapy administration. Patients are unable to view their blood glucose
values during the time of recording, however, this information is downloaded later to provide
a report to the physician regarding the 3-day time period. This data, alongside the patient
log, can provide valuable information regarding the effectiveness of the patient’s diabetes
management. Currently, CGM, used in conjunction with A1C monitoring, is recommended
for determining glycemic status and as a basis for adjusting therapy in all patients with type
1 diabetes and certain patients with T2D, such as those failing to achieve target A1C on
intensive insulin therapy (particularly if the patient has significant hypoglycemia).18
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In general, at this time, uptake of CGM systems for T2D in primary care is low; however, as
CGM system technology continues to improve and simplify, the assessment of GV may
become more widespread, ultimately being used alongside A1C monitoring as a means of
helping patients with T2D to achieve optimal glycemic control. For instance, the information
provided by diagnostic CGM devices*3 could assist the physician and patient to make
informed choices regarding therapy and lifestyle modification. It is important to bear in
mind that while CGM provides the most comprehensive overview of GV, there are a number
of relevant GV metrics that can also be obtained from SMBG measurements as discussed
above, and can be used to assess glycemic control and potentially guide treatment decisions.

EFFECTS OF DIABETES MEDICATIONS ON GV

Given the impact of PPG on intra-day GV, treatments that have effects on dysglycemia
beyond reductions in A1C and FPG (such as DPP-4 inhibitors and GLP-1 RAs)*6 may have
potential benefits in patients with T2D. In comparative clinical studies, significant
reductions in GV have been demonstrated with the GLP-1 RAs exenatide, liraglutide and
lixisenatide when added to background therapy of oral antidiabetes drugs or high-dose
basal-bolus therapy (Table 2).47: 48, 49,50, 51,52, 53, 54, 55, 56, 57, 58 The DPP-4 inhibitors
sitagliptin®3 and vildagliptin®4significantly reduced GV compared with glimepiride and
pioglitazone, respectively, in patients with T2D not adequately controlled on metformin
monotherapy,>3 54 while saxagliptin showed no difference in GV reductions compared with

the alpha-glucosidase inhibitor acarbose,>2 which has known PPG-lowering effects (Table
2).47,48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58

Rapid acting insulin analogs such as insulin lispro, aspart and glulisine may be used to
reduce GV by minimizing periods of acute hyperglycemia, while being associated with
lower rates of hypoglycemia than regular human insulin.>® In patients treated with
metformin and basal-bolus insulin, those who swapped the rapid acting insulin component
for a GLP-1 RA had significantly reduced CV of glucose compared with those who
continued with original therapy. Other GV indices were not significantly different between
treatment groups.1’ In metformin-treated patients, a premixed basal insulin glargine and
rapid-acting insulin lispro was shown to result in reduced GV compared with insulin
glargine alone.®0

Unlike GLP-1 RAs, the main glycemic effect of basal insulin is via its influence on A1C and
FPG levels. So, unsurprisingly, basal insulin analogs do not have a pronounced impact on
intra-day GV, with insulin glargine having a similar effect to metformin therapy (standard
care group) on GV and risk of hypoglycemia.>’ Similarly, insulin detemir did not differ in

terms of effect on GV compared with insulin glargine (Table 2).
47, 48, 49, 50, 51, 52, 53,54, 55, 56, 57, 58

Given the complementary mechanisms of action of insulin and incretin mimetics, titratable
fixed-ratio combination regimens consisting of basal insulin and a GLP-1 RA have been
developed. iGlarLixi, a titratable fixed-ratio combination of insulin glargine plus lixisenatide
resulted in greater improvements in overall glycemic control, and thereby, A1C levels, than
the components alone in patients with suboptimal glycemic control despite oral and/or basal
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insulin background therapy (Figure 3).61: 62 In addition, iGlarLixi resulted in significant
reductions in multiple GV metrics compared with insulin glargine alone.#’In contrast,
IDegL.ira, the combination of insulin degludec and liraglutide, yielded no significant
differences in GV (as measured by SD) after 52 weeks of treatment compared with either
insulin degludec or liraglutide alone.>8 The difference in GV-lowering effect in the 2 trials
likely reflects the fact that short-acting GLP-1 RAs such as lixisenatide delay gastric
emptying, and thus have greater effects on PPG levels than longer-acting agents such as
liraglutide.53

SIGNIFICANCE OF GV IN CLINICAL PRACTICE

GV is emerging as an important metric to consider when assessing glycemic control in
clinical practice. Although it remains controversial,” some evidence has suggested that GV,
especially in the hyperglycemic range, is associated with an increased risk of microvascular
and macrovascular complications24 6465 Jinked to glucose peaks, fluctuations in oxidative
stress and endothelial dysfunction. Specifically, some evidence points to a potential link
between GV and the development of complications such as diabetic peripheral neuropathy,
66cardiovascular autonomic neuropathy®’ and stroke.%® Increased GV has also been
associated with poor control and increased risk of hypoglycemia in patients with types 1 and
2 diabetes. Minimizing GV, especially PPG excursions, is an important aspect of overall
glycemic management, and a primary barrier to optimal diabetes control. Patients should be
evaluated for treatment on a case-by-case basis, ensuring that the selection of diabetes
medication and blood glucose targets are likely to benefit the individual, while also reducing
the risks of hypoglycemia.? Emerging research suggests that the addition of an incretin
mimetic with prominent PPG-lowering effects to basal insulin (such as a GLP- 1 RA)%9
could help patients achieve optimal glycemic control while minimizing the potential for
hypoglycemia.

Importantly, sulfonylureas have been associated with significant GV, and can lead to an
increase in hypoglycemia and mortality.”® With the availability of CGM, it is now possible
to rapidly assess glucose fluctuations and relate their dynamics to clinically relevant
outcomes. Importantly, the reduction of GV, other than having an impact on clinical
outcomes, is also associated with improved QoL and treatment satisfaction, and therefore
likely to result in improved treatment persistence. While there is a multitude of evidence to
suggest that GV is an important metric in clinical practice, the lack of studies directly
measuring the impact of therapeutic interventions on minimizing GV and resultant outcomes
enforces that there is a need for additional research to validate GV as a marker of risk factors
for long-term complications. Fortunately, such efforts are under way and results should be
expected shortly.

CLINICAL BARRIERS TO GV ASSESSMENT

Despite the potential advantages of measuring GV, there are barriers to its use in real-world
clinical practice. One major factor is likely to be costs and reimbursement, both in terms of
the technology involved and the additional time needed from physicians and other healthcare
providers and support staff.’%: 72. 73
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Coverage of CGM by insurance companies is variable; around a quarter have positive
coverage policies for T2D patients on insulin, with variable eligibility criteria.”* CGMs are
usually considered “durable medical equipment” (DME), and are subject to the same
deductibles and copays as other types of DME. Medicare and Medicaid cover only those
CGM devices approved by the U.S. Food and Drug Administration as a replacement for
fingerstick blood glucose testing for diabetes treatment decisions (i.e., “therapeutic” use),
and only if patients are receiving intensive insulin therapy and require frequent insulin
adjustment based on at least 4 blood glucose checks per day.’* 7> At the time of writing, this
includes only the Dexcom G5, which is being replaced by the calibration-free Dexcom G6
(available as of June 2018, and currently under review by Medicare), and Abbott’s FreeStyle
Libre. These devices educate patients on the impact of food on GV and allow patients and
physicians to understand if they run on the high or low side of the average glucose range
associated with a given A1C, and would have a similar impact on patients only
administering oral therapies. Eligible patients who are covered by Medicare pay 20% of
costs for CGM systems, although this additional amount may be covered by secondary
insurance. As an example, the Abbott system, which is distributed through the pharmacy
chain, is expected to have an annual reimbursement rate of $3000, with patients paying
$600.75 Insurance limitations mean that patients who do not fit criteria for CGM coverage
must either buy their own systems or rely on SMBG. Costs associated with personal CGM
systems can be high; Abbott FreeStyle Libre costs in pharmacies ranged from around $70-
$97 for the reader and $108-$159 for a month’s supply of sensors,’® while Dexcom G5 users
typically spend around $2,500-$4,000 annually without insurance coverage.”’ The newer
Dexcom G6 has a longer sensor life than the G5 (10 days vs. 7 days), which should translate
to lower costs for the newer version as a box of sensors costs the same for both systems but
lasts longer overall with the G6. However, some patients have expressed concerns that the
G6 sensor has a hard shut-off, while the FreeStyle Libre sensor recently received 14-day
approval,’8 with both modalities achieving calibration-free status. Currently, although such a
process is “off label,” some self-pay patients extend sensor life by restarting their G5 sensors
after 7 days, reducing out of pocket costs. This is not possible with the current G6 sensor.”®
Even where CGM is a viable option for an individual patient, lack of experience or
confidence on behalf of healthcare providers in interpreting data, together with a lack of
support and/or reimbursement for the extra time required to train and monitor patients and
interpret results, may impact GV assessment. At the time of writing, the Medicare physician
fee for a participating physician working from his/her office to cover sensor placement,
hook-up, calibration of monitor, patient training and printout of recording is $156.60 for
physician-provided CGM (CPT code 95250, billable no more than once monthly), $56.16
for patient-provided CGM (CPT code 95249; billable only once over the time the patient
owns the device) and $36.72 for analysis, interpretation and recording of CGM data by
ambulatory CGM of interstitial tissue fluid via a subcutaneous sensor for a minimum of 72
hours (CPT code 95251, billable no more than once monthly).8° SMBG is also associated
with considerable costs, not only in terms of reagent strips, but also lancets, meters, batteries
and calibration.81. 82. 83 |nsyrance companies generally cover some, but not all related costs
for people with diabetes; for example, Medicare-eligible patients pay 20% of the approved
costs of meters, test strips and lancets plus deductibles.84 However, this may not cover
multiple daily measurements, which limits the assessment of GV in these patients. Despite
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these limitations however, given the potential benefits, broadening more intensive
monitoring of GV by CGM or increased SMBG for particular patients, such as those at risk
of hypoglycemia and hyperglycemia, is warranted in primary care and is likely to be cost-
effective in the long term 85 86

CONCLUSIONS

For decades, A1C level has been the dominant metric in assessing glycemic control. The
A1C level is used by physicians and patients to evaluate treatment responses and optimize
diabetes therapy, and in clinical T2D research, it is the primary outcome of efficacy.
However, A1C level has certain shortcomings as a measure of treatment benefit—the most
prominent being its limited responsiveness to blood glucose fluctuations. As a result,
glycemic goals set on lowering A1C alone could result in unbalanced treatment adjustments,
potentially increasing the risk for hypoglycemia; GV has been shown to be associated with
this risk. Fluctuations in blood glucose represented by GV metrics may provide a better
predictor of such complications. Recommended metrics could include CV as a measure of
overall GV, and low blood glucose index/high blood glucose index as metrics of the risk for
hypoglycemia and hyperglycemia. Additionally, when CGM is used, TIR is a good measure
of overall glycemic control. The measurement of GV using SMBG or CGM data has the
potential to complement A1C data, and to provide a more comprehensive assessment of
glycemic control in order to better inform treatment decisions.
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FIGURE 1.
Risk of hypoglycemia and improved glycemic control. Self-monitored blood levels of

glucose recorded over 60 days. A downward trend in blood levels of glucose is evident;
levels of HbA ¢ (estimated by the use of a linear formula) decreased from 9.4% at baseline
to 7.5% by the end of the observation period. However, glucose variability remained
relatively unchanged from the first to the second month of observation, which resulted in 3
hypoglycemic episodes (<3.9 mmol/L) registered by self-monitoring blood glucose at days
45, 48 and 55 (dotted circles). Reproduced with permission from Springer Nature: Nature
Reviews Endocrinology, Metrics for glycaemic control—from HbA1c to continuous glucose
monitoring, Kovatchev, 2017.3Abbreviations: HbA1, hemoglobin A;¢; SD, standard
deviation
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FIGURE 2.

Principal components of GV. Glucose fluctuations are a process in time that has 2
dimensions—amplitude and time (A). Projected along its amplitude axis, this process is
measured by metrics such as SD or MAGE (B). Projected along its time axis, this process is
assessed by temporal characteristics, such as time within target range and time spent in
hypoglycemia or hyperglycemia (C). Reproduced with permission from Kovatchev et al.3’
Glucose variability: timing, risk analysis and relationship to hypoglycemia in diabetes,
American Diabetes Association, 2016. Copyright and all rights reserved. Material from this
publication has been used with the permission of American Diabetes Association.
Abbreviations: BG, blood glucose; MAGE, mean amplitude of glycemic excursions; SD,
standard deviation.
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FIGURE 3.
Change in A1C with the iGlarLixi fixed ratio combination. Reproduced with permission

from Rosenstock et al.61 Benefits of LixiLan, a titratable fixed-ratio combination of insulin
glargine plus lixisenatide, versus insulin glargine and lixisenatide monocomponents in type
2 diabetes inadequately controlled on oral agents: the LixiLan-O randomized trial, American
Diabetes Association, 2016. Copyright and all rights reserved. Material from this publication
has been used with the permission of American Diabetes Association. LS mean change in
HbA .. Data are mean + SD. Abbreviations: iGlar, insulin glargine; iGlarLixi, insulin
glargine/lixisenatide; LS, least squares; lixi, lixisenatide; mITT, modified intent-to-treat.
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TABLE 1

Metrics used to describe GV parameters.

Metric

Description

MAGE

SD
CV = SD/mean
LBGI

HBGI

Timing of GV (based on

target range

Amplitude of GV (temporal resolution range: hoursto days)

Time within, above or below  Quantitative measure of time spent in an individual’s target glucose range, time spent below this range, and

Diabetes-specific metric of the amplitude of glucose excursions. Mean of glycemic excursions from nadir to
peak blood glucose level and vice versa that are >1 SD of blood glucose mean (it takes into account glycemic
peaks and nadirs occurring daily, but does not account for the total number of fluctuations; it depends on
sampling frequency; ambiguity as to where peaks and nadirs begin and end)38

Variation around the mean blood glucose (intra-day or inter-day)?
Magnitude of variability relative to mean blood glucose!®: 3°

Measure of frequency and magnitude of hypoglycemia (amplifies hypoglycemic excursions without accounting
for hyperglycemia)'3

Measure of frequency and magnitude of hyperglycemia (amplifies hyperglycemic excursions without
accounting for hypoglycemia)*°

CGM; temporal resolution range: minutesto hours)

time spent above this range. All values are needed to provide an assessment of overall glycemic control'8

Abbreviations: CGM, continuous glucose monitoring; CV, coefficient of variation; GV, glycemic variability; HBGI, high blood glucose index;

LBGl, low blood glucose in

dex; MAGE, mean amplitude of glycemic excursions; SD, standard deviation.
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Effects of antidiabetes drugs on glycemic variability in patients with type 2 diabetes.

47, 48, 49, 50, 51, 52, 53, 54,55, 56, 57, 58

Sodium glucose co-transporter 2 inhibitor

Dapagliflozin f OL, RCT (20 Weeks)g

Rapid-acting basal insulin analogs

Insulin aspart, OL, RCT (26 weeks)

glulisine or lispro
Insulin lispro Post hoc

L ong-acting basal insulin analogs

Insulin detemir/7 OL, RCT (52 weeks)

Insulin glargine OL, RCT (2 years)

Combination

g Post hocanalysis of
IDegLira RCT (52 weeks)

Saxagliptin

Exenatide

Insulin glargine

. .y
Insulin glargine

Standard care

Insulin degludec

orliraglutide alone?

Drug class Study design Compar ator Results
(duration)
Drug
Alpha glucosidase inhibitor
a Double-blind, RCT (1 a Decrease in intra-day GV, especially postprandial
Acarbose week) Placebo variability with acarbose vs. placebo, but no significant
change in inter-day GVt
DPP-4 inhibitor
s linti b RCT (1 year) Acarb b Both saxagliptin and acarbose decreased GV to a similar
axagliptin carbose extent. Greater reductions in A1C and FBG with
saxagliptin vs. acarbose>?
Both sitagliptin and glimepiride reduced A1C, however,
. RCT significant reduction observed in the amplitude of GV
Sitagliptin® DouEIe-bIlnd, RCT (4 Glimepiride® (MAGEg) with sitagliptin, but not with glimepipride. No
weeks) difference in SD
(4 weeks) between treatment groups®3
] d OL, RCT (16 weeks) I~ a Both vildagliptin and pioglitazone significantly reduced
Vildagliptin Pioglitazone A1C and mean plasma glucose, but reduction in GV was
only seen with vildagliptin
GLP-1RA
Liraglutidee OL, RCT (6 months) Insulin uptitrationf Addition of liraglutide to intensive high-dose (basal-bolus)

insulin therapy resulted in significantly greater reductions
in A1C and GV vs. insulin therapy alone*®

Dapagliflozin was associated with a significant reduction in
mean glucose levels and in indicators of hypoglycemia
during Ramadan. However there were no significant
differences between dapagliflozin and saxagliptin in GV
pre-Ramadan and during Ramadan®®

Reduced coefficient of variation with metformin+insulin
glargine+exenatide compared with metformin+insulin
glargine+RAl. Other GV indices showed nonsignificant
trends toward improvement with exenatide®”

Premixed insulin glargine plus insulin lispro was associated
with reduced glycemic variability in metformin treated
patients compared with insulin glargine alone60

Both insulins resulted in clinically important reductions in
ALC, with no significant difference between insulin
detemir and insulin glargine in within-subject variability
for self-monitored FPG and premeal prandial glucose, or
risk of hypoglycemiad®

Insulin glargine reduced PPG excursions. but did not
increase risk of hypoglycemia, and was associated with
similar SD and MAGE at 2 years compared with standard
care®’

IDegLira treatment reduced glucose fluctuations
andpostprandial glucose excursions compared to insulin
degludec®®
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Drug class Study design Compar ator Results
(duration)
Drug
iGIarLii Post hocanalysisof Insulinglarginealonei iGlarLixi treatment (vs. insulininsulin glargine)

significantly reduced GV compared to insulininsulin

RCT (30 weeks) glargine*”

aAcarbose or placebo, both added to existing medication of metformin and vildagliptin.
bSaxainptin or acarbose, both added to existing metformin.

CSitainptin or glimepiride, both added to existing metformin.

dViIdainptin or pioglitazone, both added to existing metformin.

e . . . A - A . . . . — . .
Liraglutide plus high-dose basal-bolus insulin vs. insulin uptitration alone in patients requiring >100 units of insulin/day, with or without
metformin.

fDapainrozin or saxagliptin, both in addition to metformin.

gIDegLira or insulin degludec or liraglutide alone, all in addition to OADs.

hlnsulin detemir or insulin glargine, both as add-on to OADs.

iiGIarLixi or insulin glargine alone, in patients previously on basal insulin £ OADs. Abbreviations: CV, coefficient of variation; DPP-4, dipeptidyl

peptidase-4; FBG, fasting blood glucose; FPG, fasting plasma glucose; MAGE, mean amplitude of glycemic excursions; OAD, oral antidiabetes
drug; OL, open-label; PPG, postprandial glucose; RAI, rapid acting insulin; RCT, randomized controlled trial; SD, standard deviation.
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