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Abstract
The dysglycemia of diabetes includes two components: (1) sustained chronic hyperglycemia that exerts its effects 
through both excessive protein glycation and activation of oxidative stress and (2) acute glucose fluctuations. 
Glycemic variability seems to have more deleterious effects than sustained hyperglycemia in the development of 
diabetic complications as both upward (postprandial glucose increments) and downward (interprandial glucose 
decrements) changes activate the oxidative stress. For instance, the urinary excretion rate of 8-iso-PGF2α,  
a reliable marker of oxidative stress, was found to be strongly, positively correlated (r = 0.86, p < .001) with 
glycemic variability assessed from the mean amplitude of glycemic excursions (MAGE) as estimated by 
continuous glucose monitoring systems (CGMS). These observations therefore raise the question of whether 
we have the appropriate tools for assessing glycemic variability in clinical practice. From a statistical point of 
view, the standard deviation (SD) around the mean glucose value appears as the “gold standard.” By contrast, 
the MAGE index is probably more appropriate for selecting the major glucose swings that are calculated as the 
arithmetic mean of differences between consecutive peaks and nadirs, provided that the differences be greater 
than the SD around the mean values. Furthermore, calculating the MAGE index requires continuous glucose 
monitoring, which has the advantage to detect all isolated upward and downward acute glucose fluctuations. 
In conclusion, the increasing use of CGMSs will certainly promote better assessment and management of 
glycemic variability.
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Do We Have to Recommend the 
Assessment of Glucose Variability in 
Patients with Type 2 Diabetes?

Today, nobody can deny that vascular complications 
are mainly or partly dependent on sustained chronic 
hyperglycemia.1–3 This glycemic disorder can be estimated 
as a whole from the determination of hemoglobin 
A1c (HbA1c) level, which integrates both basal and 
postprandial hyperglycemia.4,5 As a consequence, it is not 
surprising that the incidence of vascular complications 
has been identified as depending first on HbA1c and 
second on fasting and/or postprandial hyperglycemia, 
whether these parameters were investigated concomitantly 
or separately. For instance, the UK Prospective Diabetes 
Study demonstrated that reductions in HbA1c and fasting 
blood glucose levels were accompanied by substantial 
decreases in the risk for all diabetes-related endpoints.6  
In 1996, Hanefeld et al. depicted postprandial 
hyperglycemia as a better predictor of subsequent 
myocardial infarction and cardiovascular mortality than 
fasting hyperglycemia.7 Further landmark studies have 
confirmed this finding, suggesting that postprandial 
hyperglycemia is an independent risk factor for macro-
vascular disease.8,9 However, the glycemic disorders 
in type 2 diabetes are not solely limited to sustained 
chronic hyperglycemia but can be extended to the 
glycemic variability that includes both upward and 
downward acute glucose changes.10 The purpose 
of the present study is to provide answers to the 
following questions: (a) Should glycemic variability be 
considered a component of dysglycemia in diabetes?;  
(b) Do we have the appropriate tools for assessing 
glycemic variability?; and finally, (c) Do we have to 
recommend measurement of glycemic variability in 
clinical practice?

Should Glycemic Variability Be 
Considered a Component of Dysglycemia 
in Diabetes?

Acute glucose fluctuations from peaks to nadirs include 
postprandial glucose (PPG) excursions that can be 
described by two components. The first is the duration of  
postprandial excursions, and the second is the magnitude 
of postprandial rise. The first component, the duration of 
PPG increment, is a major contributor to sustained chronic 
hyperglycemia, while the magnitude is more a reflection 
of glucose variability. Calculating the PPG incremental 
area under curve above the preprandial glucose value 

can assess the entire phenomenon. By using this mode 
of calculation, we found that the absolute impact of 
PPG on hemoglobin A1c (percentage points of A1c) 
is constant and contributes approximately 1% in all 
patients with HbA1c levels above 6.5% (Figure 1).11 

Although it is difficult to separate the contributions of 
the two components of the dysglycemia, it seems that 
both contribute to the two main mechanisms that lead 
to diabetes complications, namely, the excessive protein 
glycation and the activation of oxidative stress.12 As 
PPG excursions result in both acute and sustained 
hyperglycemia, it seems reasonable to think that PPG 
excursions and more generally acute glucose fluctuations 
activate the oxidative stress. For instance, the production 
of nitrotyrosine, a metabolite derived from nitrosamine 
stress, was significantly increased at fasting in patients 
with diabetes, but an additional increase was observed 
during postmeal periods. A reduction of the postmeal 
glucose excursions by using a premeal bolus of rapid 
insulin analog (Aspart) resulted in parallel decreases in 
glycemic and nitrotyrosine responses.13 Although PPG 
is usually the major contributor of glucose variability,  
other fluctuations (especially downward fluctuations) 
must be taken into account.

In 2006, we reported that, in type 2 diabetes, the urinary 
excretion rate of 8-iso-PGF2α, a reliable marker of the 
activation of oxidative stress, was highly, positively 
correlated with the glycemic variability assessed from 
the mean amplitude of glycemic excursions (MAGE).14 
A statistically significant correlation was also observed 
with the PPG increments, but the relationship was 
less significant. In 2008, Ceriello et al. reported that 

Figure 1. Absolute contributions of postprandial glucose increments 
to HbA1c (percentage points, median, 95% confidence interval, 10th 
percentile, and 90th percentile) with worsening diabetes.
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arrow of a geometric cube whose three-dimensional 
coordinates on the three axes are fasting plasma glucose 
(FPG), PPG, and glucose fluctuations (Figure 2).10,18 
According to this model, a global antidiabetic therapeutic 
strategy in type 2 diabetes should be aimed at reducing 
the values of the three coordinates, i.e., the volume of the 
cube and therefore the magnitude of the diagonal arrow 
that illustrates the risk for diabetic complications.

Do We Have the Appropriate Tools for 
Assessing Glycemic Variability?

Several approaches have been proposed that, for two 
main reasons, all fail to provide a complete representation 
of glucose oscillations.19 First, glycemic variability is a 
complex phenomenon that includes both intraday and 
interday variability. The intraday component corresponds 
to the within-day vertical glycemic fluctuations. The interday  
component is defined as day-to-day glucose variations, 
i.e., glycemic variability along a time-dependent 
horizontal axis. As a consequence, glycemic variability in 
patients with diabetes is a composite of the vertical and 
horizontal components. The second reason explaining 
why glycemic variability is a complex phenomenon is 
that this glycemic disorder is a combination of minor and 
major glucose fluctuations. For instance, it is still difficult 
to know whether the deleterious effects of glycemic 
variability, such as the activation of oxidation stress, are 
only triggered by major glucose swings or by all glucose 
oscillations, including the minor ones.14,15,17 Therefore, 

acute glucose spikes triggered the release of plasma 
3-nitrotyrosine, a marker of reactive oxygen species.15 
These results are in agreement with our own data and 
strongly suggest that oscillating glucose can have more 
deleterious effects than sustained chronic hyperglycemia 
on endothelial function and oxidative stress, two 
key players in the development and progression of 
cardiovascular diseases in diabetes. As a consequence, the 
concept of “dangerous waves” that was initially limited 
to PPG “spikes” should be extended to both upward 
(postprandial) and downward (interprandial) acute 
fluctuations of glucose around a mean value. However, 
Kilpatrick et al. did not confirm this hypothesis.16  
By using the Diabetes Control and Complications Trial 
(DCCT) data, these authors reported that the sustained 
chronic hyperglycemia was predictive of microvascular 
complications in patients with type 1 diabetes, while the 
within-day glucose variability was not. These findings 
are also supported by the data of Wentholt et al. who 
reported that in type 1 diabetes, the urinary excretion 
rates of 8-iso-PGF2α did not correlate with glucose 
fluctuations.17 At first glance, these results seem to be 
contradictory with the results we found in noninsulin-
using type 2 diabetes patients. The discrepancy between 
patients with type 1 and type 2 diabetes could only be 
due to the fact that the insulin per se exerts a powerful 
inhibitory effect on the activation of oxidative stress. 
This hypothesis, if confirmed, might become a unifying 
explanation for bridging the divide between the data 
as observed in insulin-treated type 1 diabetes and 
noninsulin-treated type 2 diabetes. The consequence 
of such observations might be an additional argument 
for implementing earlier insulin treatments in type 2  
diabetes when patients are not adequately controlled 
(HbA1c > 7%) on maximal doses of oral hypoglycemic  
agents. Despite the findings of Kilpatrick et al. and 
Wentholt et al. in type 1 diabetes, many studies indicate 
that diabetes complications, at least in persons with  
type 2 diabetes, can be considered the result of two  
major deleterious metabolic alterations (excessive  
glycation and the generation of oxidative stress) that 
are activated by three main glycemic disorders: hyper-
glycemia, both at fasting and during postprandial  
periods, and acute glucose fluctuations (Figure 2).10,18 
Excessive levels of glucose at fasting and during 
postprandial periods activate the glycation process, 
which can be investigated by measuring HbA1c 
levels. Hyperglycemia at fasting, acute or sustained 
hyperglycemia over postprandial periods, and more 
generally acute glucose fluctuations around the mean 
glucose value activate the oxidative stress. The resulting 
effect is the risk of complications depicted by the diagonal 

Figure 2. Model suggested for illustrating the pathophysiological 
impacts of the excessive glycation of proteins and the activation of 
oxidative stress on the risk of diabetic complications (diagonal solid 
arrow). The contributions of the three components of dysglycemia, i.e., 
hyperglycemia at fasting (FPG), hyperglycemia during postprandial 
periods (PPG), and acute glucose fluctuations (MAGE), are indicated 
on the x, y, and z axes, respectively.



1097

Glycemic Variability: The Third Component of the Dysglycemia in Diabetes. Is It Important? How to Measure It? Monnier

www.journalofdst.orgJ Diabetes Sci Technol Vol 2, Issue 6, November 2008

it is not surprising that several approaches have been 
developed for quantifying glycemic fluctuations.

Assessment of the Intraday Glycemic Variability
From a statistical point of view, the standard deviation 
(SD) around a mean glucose value measured over a 24 h 
period using the continuous glucose monitoring system 
(CGMS) is probably the most appropriate tool for 
assessing intraday glycemic variability.16,19 Such a method 
integrates both minor and major fluctuations but does 
not permit differentiation of the major from the minor 
ones. The other methods developed for estimating the 
intraday glycemic variability are more or less based on 
the determination of differences between maximum and 
minimum glucose levels. 

The MAGE remains certainly the most comprehensive 
index for assessing the intraday glycemic variability.20 
The principle is to estimate the major rises and falls in a 
glucose profile. The calculation of the MAGE is obtained 
by measuring the arithmetic mean of the differences 
between consecutive peaks and nadirs provided that the 
differences are greater than one SD of the mean glucose 
value. The measurement can be made either in the 
peak-to-nadir or nadir-to-peak direction, the direction 
being selected by the first upward or downward glucose 
excursion that is greater than one SD. The MAGE index 
has two main advantages. First, this parameter is not 
dependent on the mean glucose value, and second, it is 
designed to quantitate major glucose swings and exclude 
minor ones.

The M-value of Schlichtkrull et al. is a logarithmic 
transformation of the deviation of glycemia from an 
arbitrary assigned “ideal” glucose value.21 The reference 
value may be different according to the clinical status 
of the subject. For instance, the glucose value used as 
reference is usually greater in persons with diabetes  
than in persons without diabetes. The M-value of 
Schlichtkrull et al. attempts to provide, in a single 
numerical value, an expression of both the mean glucose 
value and the effect of glucose swings. However, the 
meaning of this parameter is shaded by the complexity 
of the used formula.

The continuous overall net glycemic action is similar to 
the SD.22 The determination is based on the assessment 
of the differences between glucose values measured at 
regular time intervals, then on the calculation of the SD 
of these differences. 

The average daily risk range23 is computed by using the 
data from self-monitored blood glucose (SMBG) collected 

over 1 month at a frequency of 3–5 readings per day. 
This newly developed method that uses a rather complex 
formula is aimed at ensuring a better balance between 
glycemic increments and decrements since most of the 
methods used are more sensitive to hyperglycemic spikes 
than to hypoglycemic excursions.

Assessment of Interday Glucose Variability
The mean of daily differences (MODD) currently 
remains the sole index for estimating interday glycemic 
variability.24 This parameter is calculated as the mean of 
the absolute differences between glucose values at the 
same time on two consecutive days.

At present, three parameters seem to be preferred:  
(1) the SD around the mean glucose values, because it 
remains the “gold standard;” (2) the MAGE, because its 
calculation is relatively simple, and because it allows the 
achievement of the major intraday glucose oscillations 
while the minor ones are not taken into account; and  
(3) the MODD, because it is the sole parameter to provide 
an assessment of the interday glycemic variability. 
Although the estimation of glycemic variability can be 
made by using a discontinuous SMBG using several 
daily time points, our opinion is that it is better to use 
newer technologies based on continuous glucose sensors 
implanted in the subcutaneous tissue. Although the 
interstitial glucose concentrations are lower than those 
measured in the bloodstream, the estimation of these 
three aforementioned indices using the CGMS remains 
perfectly reliable since the three methods are applied to 
measurements of glucose differences and not to absolute 

Figure 3. Example of continuous glucose monitoring in one type 1 
diabetes patient treated with a multiple-injection insulin regimen. The 
standard deviation around the mean glucose value and the MAGE 
were 65 mg/dl (3.6 mmol/liter) and 276 mg/dl (15.3 mmol/liter), 
respectively. The discrepancy between the two values was due to the 
fact that this patient exhibited a single large glucose swing inserted in 
modest glucose fluctuations over the remainder the day.
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glucose levels. This remark explains why the CGMS can 
be used with the same degree of reliability either in 
subjects with normal glucose tolerance25 or in diabetes 
patients exhibiting various degrees of glycemic control. 
In summary, different tools should be used concomitantly. 
The following typical example of continuous glucose 
monitoring in a type 1 diabetes patient treated with 
insulin can be given to illustrate this statement (Figure 3).  
This patient had small glucose fluctuations throughout 
the day but exhibited a rapid and unpredictable glucose 
drop after breakfast. The nadir was reached at noon 
with a further glucose increase after lunch and a return 
to a high stable glucose value at 4:00 pm. In this patient, 
the calculation showed a profound discrepancy between 
the SD that remained at a modest level (65 mg/dl,  
3.6 mmol/liter), while the MAGE was greatly increased 
(276 mg/dl, 15.3 mmol/liter). This type of profile, which 
is encountered in unstable type 1 diabetes, seems to 
indicate that the SD may minimize the effect of sudden, 
very large changes in individuals with overall modest 
fluctuations.

Should Glycemic Variability Be Assessed 
in Clinical Practice?
As PPG increments are the major contributors to glycemic 
variability in type 2 diabetes, clear statements are needed 
in terms of the target and management of postprandial 
excursions.

Postprandial Glucose Recommendations and Targets
Large discrepancies in PPG threshold values were 
observed until the guidelines for management of 
postmeal glucose by the International Diabetes Federation 
(IDF) were published.26,27 The difficulty to draw clear 
recommendations for PPG is easily understandable if 
one admits the following principle: PPG excursions 
cannot be reflected by one single glucose value but by 
a multitude of values that are spread over a 3 to 4 h 
postmeal period. During this period, the magnitude 
of the elevation of blood glucose concentrations is 
dependent on several factors.28 In patients with type 
2 diabetes, postmeal increments in blood glucose are 
usually longer and higher than in persons without 
diabetes. Furthermore, in most patients, the postmeal 
excursions follow an ordinal decreasing scale that can 
be described as postbreakfast>postdinner or postlunch 
excursions (Figure 4).29 On the other hand, postmeal 
glucose responses are influenced first by the quality and 
quantity of carbohydrates that are contained in foods 
and second by physical activity over the postprandial 
period. By accounting for these factors as a whole, there 

arises the question of when, i.e., after which meal, PPG 
testing should be recommended. At present, the question 
remains unanswered. By contrast, for the 2 h postprandial 
glycemic target, clear recommendations have been set by 
different organizations, and large discrepancies persist. 
For the American Diabetes Association,30 the PPG target 
is set below 180 mg/dl (10 mmol/liter), a value chosen as 
the upper limit in the patients who were allocated to the 
intensively treated group of the DCCT.2 The 140 mg/dl 
(7.8 mmol/liter) glucose value was selected by the IDF.26,27 
The main rationale for this choice is that 140 mg/dl  
(7.8 mmol/liter) is the limit value that separates the 
normal range from the state of impaired glucose tolerance 
when measurements are made at the second hour of an 
oral glucose tolerance test. 

Glycemic Variability and Postprandial Hyperglycemia 
Monitoring and Management
Discontinuous SMBG, and preferably the CGMS, should 
be performed to assess both glycemic variability and 
PPG excursions.31,32 The type of monitoring (continuous 
or discontinuous) and the frequency of glucose testing 
when the discontinuous monitoring is used depend 
on both the type of diabetes (1 or 2) and the type 
of treatment (insulin or tablets). CGMSs are useful 
in insulin-treated diabetes (either type 1 or type 2) 
for choosing the best insulin regimen. As CGMS can 
only be implemented for limited periods of time, the 
SMBG is routinely used as a surrogate.33,34 In type 1  
diabetes treated with basal–bolus regimens, it is 
usually recommended to use a seven-point glycemic 
monitoring that includes the following tests: (1) three at 
the preprandial times, (2) three at the 2 h postprandial 
time points, and (3) one at bed time.2 The frequency of 

Figure 4. Mean glucose concentration in 32 noninsulin-using type 
2 diabetes patients exhibiting HbA1c levels between 7 and 7.9% 
(Reproduced from Reference 29, with permission from Diabetes Care.)
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the SMBG can be reduced in patients who are treated 
with more conventional insulin regimens: one or two 
daily injections. In noninsulin-using type 2 diabetes, the 
SMBG can be further limited according to requirements. 
One recommendation is the practice of glucose testing 
by using a circular permutation at different times of the 
day over a weekly period in order to have a broader 
picture of glucose fluctuations over daytime. Although 
the use of both the CGMS and frequent discontinuous 
SMBG is less crucial in noninsulin-treated patients than 
in insulin-treated patients, there are many situations in 
which such assessments can be helpful in type 2 patients 
who are not on insulin treatment, especially in those 
who are not sufficiently controlled with maximal doses 
of oral antidiabetic drugs and who normally require the 
introduction of insulin treatment.

For instance, the CGMS32 and frequent SMBG33,34 can 
act to stimulate the acceptance of the need for insulin 
treatment, especially when measurements are made 
at time points corresponding to glucose peaks. In this 
view, the midmorning period is crucial since we have 
demonstrated that hyperglycemia after breakfast is 
usually the highest postmeal glucose excursion over 
daytime.29 The attainment of near-normal glucose values 
at selected time points, usually at fasting, does not 
exclude abnormal peaks and troughs in glucose levels 
over postprandial or postabsorptive periods. The acute 
variations could remain totally ignored by both patients 
and health care professionals in the absence of glucose 
monitoring over periods of unsatisfactory control. For 
that reason, the expanded use of either the CGMS or 
frequent SMBG is probably of interest to instruct patients 
that their blood glucose is beyond acceptable levels and 
to encourage them to accept insulin therapy or, more 
generally, to accept a reinforcement of their therapeutic 
regimens.

An additional example of the usefulness of assessing 
glycemic variability is given by the problem of the choice 
of insulin regimen and the adjustment of insulin doses  
in patients with type 2 diabetes treated with insulin.  
At first glance, the implementation of insulin treatments 
in type 2 diabetes could be considered a simple process. 
Many researchers have proposed to treat the insulin 
deficiency by using a basal insulin replacement therapy 
with a single injection of long-acting insulin analog  
before dinner or at bedtime.35 Such regimens associated 
with an oral therapy are generally sufficient for controlling 
the preprandial and interprandial glucose levels. 
However, some patients persist to exhibit HbA1c higher 
than 7% even when treat-to-target therapeutic strategies 

are implemented.35 The use of continuous glucose 
sensors is one of the methods to solve this problem. In 
many patients who do not achieve the targets, it appears 
that PPG excursions, especially after breakfast, remain 
abnormally high.29 In this case, a better glycemic control 
can be obtained by injections of prandial insulin before 
the meal that produces the largest PPG excursions.36 
Further injections can be gradually introduced at other 
premeal times as required. This provides a step-by-step 
procedure toward an intensive basal–bolus therapy.

In conclusion, glycemic variability is one of the 
components of glycemic disorders in patients with 
diabetes. In the near future, the use of CGMS will 
need to be increased to promote better assessment and 
management of glycemic variability in both type 1 and 
type 2 diabetes.
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