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INTRODUCTION 
This article introduces ambulatory glucose profiling, an 
evolving approach to monitoring blood glucose. The concept 
of ambulatory monitoring of glucose data is analogous to 
ambulatory monitoring of heart rate and rhythm using Holter 
monitoring or ambulatory monitoring of blood pressure to 
determine when and what changes to prescribed therapy are 
necessary. A benefit of ambulatory glucose profiling is that 
it aggregates large amounts of glucose monitoring data so 
that variations in blood glucose can be easily identified. lhe 
scope of this article is limited and does not include discus­
sion of how integrating ambulatory glucose profiling can be 
integrated into clinical practice. 

Current measures of blood glucose 
Diabetes management is essentially a balancing act between 
maintenance of good glycemic control to reduce the risk of 
complications, particularly end organ damage and avoidance 
of severe hypoglycemia' In most patients with diabetes mel­
litus, however, glycemic control remains suboptimal despite 
pharmacological advances and technological advances in 
insulin delivery devices and glucose monitoring.2.l A major 
factor in poor glycemic control is lack of adherence to pre­
scribed therapeutic agents, most especially insulin, due in 
part to fear ofhypoglycemia.2••·6 
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To further complicate matters, there is growing evidence 
that glycemic variability-fluctuations in the blood glucose 
level-may contribute to the development and progression 
of micro- and macrovascular disease in individuals with dia­
betes, including an association with increased carotid intima 
media thickening.7.s [n the Diabetes Control and Complica­
tions Trial, risk of retinopathy progression was significantly 
greater among conventionally treated vs intensively treated 
patients, despite comparable glycated hemoglobin Ale 
(HbAlc) - a finding potentially due to the greater frequency 
and magnitude of glycemic excursions in conventionally 
treated patients.9 It is thought that glycemic variability causes 
an overproduction of potentially harmful reactive oxygen 
species and increased oxidative stress resulting in wors­
ened endothelial function and damaged mitochondria and 
genomic DNA.10,11 Evidence also indicates that glycemic vari­
ability is a strong predictor of hypoglycemia, correlates with 
poor glycemic control, and is predictive of patient satisfac­
tion with an intensive insulin regimen."-'"-" These observa­
tions make a compelling argument for glycemic variability as 
an important measure of glycemic control, and its minimiza­
tion as an important treatment goal. 

HbAlc is considered the gold standard indicator of 
glycemic control in diabetes management due to its dem­
onstrated correlation with the incidence of micro- and 
macrovascular complications.11 However, HbAlc reflects 
mean blood glucose over 8 to 12 weeks, and cannot charac­
terize diurnal glucose patterns which are essential for safe 
and effective adjustment of glucose-lowering therapy and 
the avoidance of glucose variability-most notably, extremes 
of hypo- and hyperglycemia. 14

•
15 For decades, self-monitoring 

of blood glucose (SMBG) has been the standard measure of 
glycemic control to guide day-to-day adjustment of therapy. 
Limitations of SMBG include underreporting (omission 
of undesirable values), over-reporting (addition of values 
\vi thin target), imprecise reporting, lack of overnight glucose 
readings, and its episodic nature, all of which result in missed 
significant hypo- and hyperglycemic events.1 

The advent of continuous glucose monitoring (CGM) 
allows for the collection of continuous glucose data via a sen­
sor ( <5 mm in diameter) placed beneath the skin on the abdo­
men or arm that takes a reading at set intervals ( eg, every 1 to 5 
minutes) and can be used for 3 to 7 days ~ta time.16 CGM can 
provide real-time feedback on current glucose levels as well as 
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retrospective data that provides a more accurate view of glu­
cose patterns over a given time period compared with SMBG.1 

A number of studies, including 2 meta-analyses, have dem­
onstrated the efficacy of CGM in improving glycernic control 
(including reduced HbAlc) and reducing hypoglycemia. 11-20 

Despite its benefits, CGM is currently used in diabetes 
management in only a small percentage of patients witl1 type 
1 diabetes (3% among young patients wiili TlD [~25 years 
old], and 14% among 26 to 49 year old patients with TlD) 
and a negligible number with type 2 diabetes.3 While unde­
rutilization may be partially attributed to limited reimburse­
ment and patients' perceptions regarding tl1e complexity and 
inconvenience of CGM, barriers to clinicians' incorporating 
CGM into tlleir practice are anotl1er key factor. 16 Chief among 
these is the daunting time investment required to become 
proficient at managing and interpreting tl1e CGM data. u; 

There are currently 3 commercial CGM device manufactur­
ers, each requiring its own proprietary software to download 
and analyze CGM data and create reports, wiili a myriad 
of reporting options and no standardization among tl1em 
regarding report output. 16 

Ambulatory glucose profiling 
Given the demonstrated benefits of CGM, there is a need for 
standardization of blood glucose data analysis and presenta­
tion in a straightforward and intuitive manner in order to con­
vert tlle data derived from CGM into actionable information.2-14 

Titis process can be accomplished wiili the ambulatory glucose 
profile (AGP). The AGP is produced by a data-analysis software 
program that aggregates CGM data from several days or weeks 
to statistically and visually characterize glycemic exposure, vmi­
ability, stability, and time in target range (TIR), tlms enabling 
clinicians and patients to discern patterns of glycemic variation 
and unrecognized hypoglycemia and make pharmacologic and 
lifestyle adjustments accordingly (FIGURE 1 ).2

•
21 

1he AGP operates on the principle that in tl1e manage­
ment of diabetes, more glucose data is better than less when it 
is presented in a format that can be easily and readily action­
able as it provides a more accurate picture about what and 
where therapy should be adjusted. The AGP program, devel­
oped by Mazze et al, in collaboration witl1 the International 
Diabetes Center in Minneapolis, Minnesota, is a non-propri­
etary open-source program licensed to device manufactur­
ers for inclusion in ilieir software packages that can read data 
from any CGM device, regardless of tl1e manufacturer, as well 
as SMBG monitor downloads-"22 It is recommended tlrnt 14 
days of CGM data be collected for an accurate, comprehen­
sive analysis of key glucose metrics by AGP.2 

The AGP provides unique insights into several areas 
regarding diabetes pailiophysiology and management that 

are not available wiili HbAlc: (1) tl1e glucose perturbations 
tllat underlie ilie diagnosis of diabetes; (2) ilie underlying 
dysglycemia as a basis for selection and/or initiation of tar­
geted therapy; and (3) whether current therapy is efficacious 
and, if not, what ilierapeutic or behavioral approach would 
likely provide better control. Consequently, AGP provides a 
better basis ilian HbAlc for decision-making regarding ilie 
dosage and timing of ilierapies in individual patients. AGP 
has been used in clinical trials in conjunction wiili CGM to 
characterize ilie impact of medications on ilie diurnal glu­
cose profile.23•

25 In clinical practice in ilie United States, AGP 
• is being used in some centers to assist in glycemic control. 

An important component of AGP is tl1e standardiza­
tion of clinical terms and key metrics that was developed 
witl1 input from an expert panel of US diabetes specialists.2

•
14 

TI1ese terms and metrics include:2 

l. Default blood glucose target range: 70-180 mg/ dL 
2. TIR ( expressed as percentage of readings in range and 

hours per day in range) 
3. Glucose exposure (expressed as mean glucose of all 

readings, and estimated HbAlc based on average glu­
cose and area under the median curve) 

4. Glycemic variability (expressed as standard devia­
tion [SD), coefficient of variation, and interquartile 
range [IQR)) 

5. Hypoglycemia: <70 mg/dL, <60 mg/dL, and 
<50 mg/dL corresponding to low, very low, or danger­
ously low glucose levels, respectively 

6. Hyperglycemia: >180 mg/dL, >250 mg/dL, and 
>400 mg/ dL corresponding to high, very high, or dan­
gerously high glucose levels, respectively 

7. Estimated HbAlc is based on fue mean glucose for 
the period under investigation.* 

'Since tl1e fommla for tl1e estimaied HbAlc uses all of tl1c captured glucose values, 
when subjects have a significant number of glucose values in the hypoglycemic range, 
1he estimated HbAlc will be lower tlrnn tl1c measured laboratory HbA!cvaluc, 

'The default page of fue software program is fue "dash­
board;' which presents tl1e most relevant graphical and statis­
tical information to facilitate rapid assessment of the patient's 
glycemic condition so tl1at tl1e provider can make timely clini­
cal decisions. The patient can view tl1e dashboard simulta­
neously wiili the provider, when possible, so iliat the patient 
can provide relevant insights and feedback.2 lhe dashboard is 
composed of3 parts: (1) statistical summary, (2) visual display, 
and (3) daily views. TI1e statistical summary includes glucose 
exposure (average glucose and estimated HbAlc based on col­
lected data), glucose variability ( total SD and IQR of collected 
data), glucose ranges (percentages of values in target range; 
low, very low, and dangerously low; and high, very high, and 
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Figure 1a and 1b. The ambulatory glucose profile (AGP) operates 
on the principle that in the management of diabetes, more glucose 
data is better than less when it is presented in a format that can 
be easily and readily actionable. The AGP aggregates glucose 
data over multiple days to help the patient and providers discern 
patterns of glycemic variation and unrecognized hypoglycemia. 
The AGP can take data from several sources to include SMBG 
monitor downloads to CGM glucose data. 

Figure 1a: Daily AGP reports over a 6-day period. 

Figure 1b: AGP report that aggregates 14 days of daily AGP 
reports over a 24-hour period displayed by time to show the 
spread of glucose values within each time interval. The dark blue 
line is the median curve (50th percentile) and shows the median 
glucose value for each time point. The darker blue shaded area 
represents the interquartile range (IQR). The light blue shaded area 
represents the outlier values (lowest and highest 10%). 

Images courtesy of Dr. Roger Mazze. 

dangerously high ranges), and data sufficiency (average mun­

ber of tests per day upon which the data were generated).2 An 
expanded statistical view can be accessed with one click that 
provides more detailed data regarding these variables. 

The visual display section of the AGP dashboard presents 
a modal day (standard or average day) that is derived by col­
lapsing and plotting according to time ( without regard to date) 
all data collected over multiple days as if they occurred over 
24 hours. This is displayed as smoothed curves representing 
the median (50th), 25th to 75th frequency percentile, and 10th 
to 90th frequency percentile ( FIGURE 18). The median curve 
is a representation of glucose stability, whjle the 25th to 75th 
percentile curve defines the IQR, representing glucose vari­
ability, and the 10th to 90th percentile curve tracks glucose 
excursions.1

• One can easily see the times of day when glucose 
is most consistently high or low, when the greatest variability 
occurs, and the magnitude of that variability. For example, the 
10th to 90th percentile curve crossing 70 mg/dL or lower at a 

given time of day indicates a moderate risk of hypoglycerrua 
at that time since 10% of values fall in that range, wh ile the 

25th to 75th percentile curve crossing that threshold indicates 
a greater risk since 25% of values fall into the hypoglycemia 
range at that time.2 

1be daily view section of the AGP dashboard consists 
of a calendar of thumbnail AGPs (target range and median 
line) of the 24-hour patte rn for each day included in the 
overall p rofile. This simplifies comparison of patte rns on 
specific days (eg, weekday vs weekend) and facilitates 
conversations with patients to discern circumstances that 
might be contributing to glucose variability or excursions.2 

Obviously, infom,ation about the patient's treatment regi­
men, adherence, and food intake must be considered in con ­
junction with the AGP. Currently, the clinician can add such 
information on the AGP modal day graphic at a clin ic visit.2 

·n,e AGP provides in sight into glycemic variability and 
hypo- and hyperglycemic excursions tha t are not possible 
based solely on HbAlc. In FIGURES 2Aand 28, two subjects have 

similar HbA I c values (7.4% and 7.8%), but very different daily 
glycemic pattems. ln fact, the patient with the HbAl c of7.4% 
has poorerglycemiccontrol in terms of markedly greater blood 
glucose variability t\1.roughout the day, instances of hypogly­
cemia m idday, with several glucose excursions well above 
250 mg/ dL. The patient with the HbA I c of 7 .8% has much less 
glycemic variability, fewer hyperglycemic excursions above 
250 mg/ dL, and no instances of hypoglycemia. 

CONCLUSION 
Glycemic va riability is increasingly recognized as an impor­
tant measure of glycemic control, and its minimization an 

in1portant treatment goal. CGM provides a comprehensive 
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Images courtesy of Dr. Roger Mazze. 

view of a patient's glucose levels. However, the amount of data 
generated can become unmanageable, and there is no stan­
dardization among the 3 CGM manufacturers regarding soft­
ware or report output. Ambulatory glucose profile (AGP) i. a 
data-analysis software program that facilitates the aggregation 
of CGM data into actionable information by statistically and 
visually characterizing glycemic exposure, variability, stabil­
ity, and time in target range. This allows easier discernment of 
glycemic patterns to inform decisions regarding pharmaco­
logic and lifestyle management. • 
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