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ABSTRACT 

 

This review is aimed at addressing the issue as to whether or not the newer metrics developed for 

continuous glucose monitoring (real-time or intermittently scanned CGM) enhance the assessment of 

the “glucose tetrad”: ambient hyperglycaemia, short-term glycaemic variability, postprandial glucose 

excursions and hypoglycaemia. The ever increasing number of metrics offered with real-time CGM 

(rtCGM) or intermittently scanned CGM (isCGM) includes intermediate-term indicators referred to as 

the “Time- in Ranges”, i.e. the time in range 70-180 mg/dL (TIR 70-180), the time above range > 180 

mg/dL (TAR) and the time below range of < 70 or 54 mg/dL (TBR < 70 or TBR < 54 mg/dL). The two 

former are highly correlated with HbA1c levels and can therefore serve as short or medium- term 

markers of the ambient hyperglycaemia according to whether glucose sensors are worn over periods 

of several days or weeks. The two latter indices (the TBR < 70 or < 54) are more relevant for 

capturing hypoglycaemic events and quantifying their magnitude and duration in contrast to the 

random spot testing with self-blood glucose monitoring. Although the analysis of 24-h glucose 

profiles by CGM provides a very valuable method for quantifying postprandial glucose excursions and 

short-term glycaemic variability neither can be fully represented by the TIR metrics, needed for a 

more comprehensive assessment of glucose homeostasis. 



Introduction 

 

From a glucocentric view point, there is increasing evidence that the management of dysglycaemia 

associated with diabetes, either type 1 or 2, should target the four main components of the “glucose 

tetrad”: sustained chronic hyperglycaemia, glycaemic variability, excessive postprandial glucose 

excursions and hypoglycaemic episodes [1-6], all of whom are associated with or responsible for 

diabetes complications [2, 7-13]. The objectives of any therapeutic approach are to maintain all these 

components within selected thresholds that should be personalized [6]. In a person with a short 

duration of the disease, long life expectancy, high motivation and without any evidence of 

comorbidities or vascular complications, tight glycaemic control is usually recommended [6], i.e. a 

HbA1c level < 7% (53 mmol/mol), coefficient of variation for glucose (%CV) ≤ 36%, 2-h postprandial 

glucose concentration < 180 mg/dL (10.0 mmol/L) and random glucose levels > 70 mg/dL (3.9 

mmol/L) in order to avoid the consequence of hyperglycaemia and/or hypoglycaemic (figure 1). 

However, less stringent targets may be considered for more vulnerable persons in whom severe 

hypoglycaemia can be associated with or responsible for harmful effects [6]. The last decade has 

been marked by the development of new systems of continuous glucose monitoring (CGM) that can 

be worn over extended periods of time (several consecutive days) that provide real-time (rtCGM) or 

frequent intermittently scanned (isCGM) glucose readings [14,15]. The utilization of such 

technologies has therefore raised the question whether additional metrics could better represent 

glucose homeostasis to further bridge the gap between the long-term HbA1c testing [16] and the 

short-term indices of dysglycaemia such as the 24-h mean daily glucose concentration and the within 

or between-day glucose variability [17,18]. In addition, CGM devices have the capability to capture 

the trends towards hyper or hypoglycaemia thus offering the opportunity to intervene before the 

occurrence of symptomatic episodes. These benefits are denied when relying on random self- 

monitoring of blood glucose. With the introduction of CGM newer metrics were introduced which 

include the percentages of time spent in or out-of target ranges [14,19,20] and glucose management 

indicators (GMI) [21]. The present review is aimed at exploring the usefulness and potential 

limitations of these medium-term metrics of glucose homeostasis.  

Definitions and thresholds 

Time in “Ranges” 



The percent of time within and outside established glycaemic targets are represented by a cluster of 

metrics divided into 3 categories based on the time spent within, below and above the range of the 

glycaemic thresholds and referred to as TIR, TBR and TAR [19,20]. This relatively new way for 

standardizing CGM metrics is particularly useful for clinical care and well accepted by healthcare 

professionals [22]. The recognised normal glucose range in individuals without diabetes is between 

70 and 140 mg/dL (3.9 and 7.8 mmol/L) [19]. The lower limit of 70 mg/dL (3.9 mmol/L) corresponds 

to the definition of hypoglycaemia [23,24] and the threshold for activation of counter-regulatory 

hormones [25]. The upper limit of 140 mg/dL (7.8 mmol/L) is the value used to diagnosis impaired 

glucose tolerance at two hours during a 75-g oral glucose tolerance test (OGTT) [26]. In addition, 

during the real life of persons without any glucose dysregulation this cut point value is rarely 

enforced even during post meal periods [27]. However, it has been widely acknowledged that this 

value of 140 mg/dL (7.8 mmol/L) is low when applied to populations with diabetes and therefore 180 

mg/dL (10.0 mmol/L) or even 250 mg/dL (13.9 mmol/L) have been recommended [6,14,20]. This 

proposition is obvious in clinical practice as many patients with type 1 diabetes, even those exhibiting 

a glycaemic control considered to be “satisfactory”, spend a major part of their time above 140 

mg/dL (7.8 mmol/L) [19,28,29,30], in part due to their fear of hypoglycaemia. In type 2 diabetes, the 

glycaemic threshold of 140 mg/dL (7.8mmol/L) is reasonable in well-controlled patients, i.e. in those 

who maintain their HbA1c levels between 5.7 and 6.5% (39 and 48 mmol/mol) [31,32]. However as 

soon as the HbA1c levels rise above this range, analysis of 24-h glycaemic profiles demonstrate that 

the duration of time spent above 140 mg/dL (7.8 mmol/L) and 180 mg/dL (10.0 mml/L) steadily 

increased especially after breakfast during the period of the extended dawn phenomenon [33,34]. 

Therefore the consensus is that a broader range of glucose fluctuations be adopted in persons with 

diabetes. Consequently, 180 mg/dL (10.0 mmol/L) appears as the best compromise in real life 

situation for people with diabetes [22]. Even though 70 and 180 mg/dL (3.9 and 10.0 mmol/L) are 

considered to be the most appropriate thresholds for visualizing the TIR, TBR and TAR, other CGM 

glycaemic ranges have also been proposed [14,20], e.g. the lower glucose level can be < 54 mg/dL  

(3.0 mmol/L), corresponding to the period of established hypoglycaemia with the presence of 

neuroglycopenic symptoms [25]. 

Also when considering hyperglycaemia above 180 mg/dL (10.0 mol/L) it can be subdivided into 2 

levels according to whether the glucose values remain between 180 (10.0 mmol/L) and 250 mg/dL 

(13.9mmol/L) (level 1) or above 250 mg/dL (13.9mmol/L) (level 2). Dividing the hypoglycaemic and 

hyperglycaemic ranges into 2 additional levels has the advantage of highlighting the level of urgency 

required to address the glucose disorder. The advantage of the rtCGM is its ability to demonstrate 

time related trends in blood glucose levels to allow the individual to intervene in order to avoid hypo-



or hyperglycaemia . A group of experts have recently reached a consensus on the times spent in 

“Ranges” [6,14,20]. In a general population of persons with type 1 or type 2 diabetes it is 

recommended that the percentage of time spent within the range of 70 (3.9mmol/L) to 180 mg/dL 

(10.0mmol/L) (TIR) should be greater than 70% with less than 4% and 1% of time below range (TBR) 

according to whether the thresholds is 70 or 54 mg/dL (3.9 or 3.0 mmol/L), respectively. For the time 

above range (TAR), less than 25% and 5% of time have been selected based on a threshold of 180 or 

250 mg/dL (10.0 or 13.9 mmol/L), respectively. These CGM-based targets and recommendations 

should be adjusted to the patient’s characteristics: less stringent in elderly people and more stringent 

in gestational diabetes and during pregnancy in people with diabetes [19]. 

 

Glucose management indicator 

In their search to find new metrics for medium-term assessment of glucose homeostasis, 

diabetologists use CGM to provide an estimate of the glucose exposure by averaging the 24-h mean 

daily glucose concentration over a preselected time interval of at least 10-14 days [14]. The A1c-

Derived Average Glucose (ADAG) Study Group [35] found an excellent correlation (r2= 0.92, p < 

0.0001) between laboratory-measured HbA1c and the average mean glucose concentration 

displayed by CGM devices worn over several days (figure 2) [35] permitting the estimation of the 

mean glucose levels from pre-specified HbA1c levels. A laboratory-measured HbA1c of 6% (42 

mmol/mol) corresponds to an average mean glucose concentration of 126 mg/dL (7.0 mmol/L) and 

any 1% increment of HbA1c can be converted to a 29 mg/dL (1.61 mmol/L) increase in the mean 

glucose concentration [35]. This relationship can also be made in the reverse direction, i.e. from the 

mean glucose concentration to the HbA1c levels, thus introducing the terminology of estimated 

HbA1c (eHbA1c) [36]. By using modern devices, Beck et al [36] validated a formula that describes this 

relationship: eHbA1c (%) = 3.38 + 0.02345 x [mean glucose expressed as mg/dL]. More recently, this 

equation has been slightly revised and replaced by a new one permitting to compute an additional 

metrics referred to as the glucose management indicator (GMI): GMI (%) = 3.31 + 0.02392 x [mean 

glucose expressed as mg/dL] (figure 2) [21]. It should be remembered however that the HbA1c level 

measured in a laboratory at a given time point of blood sampling integrates the overall chronic 

glucose exposure, i.e. the ambient hyperglycemia, over the 3-month period that precedes the 

laboratory determination [21] in contrast to the CGM derived eHbA1c and GMI based on the glucose 

exposure during the period of CGM.  

Taking an example of a patient who visits his (her) physician just after having worn a glucose sensor 

for 14 days, several situations can be encountered. Firstly, the value of the GMI can be lower than 



that of the laboratory HbA1c. This situation is mostly observed when the patient’s compliance to 

therapy (dietary measures, exercise and/or pharmacological treatments) is better during the few 

days of CGM compared with the rest of the time. Secondly, and in contrast, the calculation of the 

GMI can result in higher values than those given by the laboratory for HbA1c levels. This can occur 

when the out-of CGM monitoring periods involve frequent hypoglycaemic events. Thirdly, the final 

situation, which is fortunately the most frequent, corresponds to patients in whom the two values 

are closely related. This implies that the overall glucose homeostasis has been stable over some time. 

The two first aforementioned situations with discordant GMI and laboratory HbA1c values can be 

misinterpreted and disturbing for patients and healthcare professionals alike, especially if the terms 

“eHbA1c” and “HbA1c” are both used. However, if differences do occur, provided the reasons are 

well understood, this can motivate the patient to improve his (her) adherence to treatment long-

term and not be limited to only the few weeks preceding clinic visits whilst also allowing more 

realistic HbA1C targets to be defined [21]. 

Relationships of medium versus long-and short-term metrics 

Prior to reporting the relationships between the different categories of metrics, it should be noted 

that even though at first glance, the time in “Ranges” and GMI can be considered medium term-

indicators of glucose homeostasis, it remains difficult to define the frontier between medium and 

long-term metrics. When, for instance the time in “Ranges” are derived from rtCGM or isCGM worn 

for periods of several weeks or months long-term, GMI becomes a long-term marker of overall 

glucose exposure [37]. 

Relationship between HbA1c and mean glucose concentrations 

The existence of positive strong relationships between HbA1c and mean glucose concentrations has 

been described in the preceding paragraph, however the observation of differences between trials 

needs to be explained [21,35,36,38]. Both the eHbA1c and GMI reflect the mean glucose 

concentration computed from the plot of CGM-measured mean glucose concentrations, which are 

linearly related to the laboratory HbA1c. However, the slope of the relationship will depend upon the 

duration of insertion of the CGM device, the longer the duration the better the accuracy, and also on 

the type of glucose sensor used. It is commonly acknowledged that the results using the most 

modern CGM devices are more reliable than those provided by older versions. Consequently, the 

latest formula (GMI=3.31 + 0.02392 x [mean glucose concentration]) established with the Dexcom G4 

and G5 sensors [21] (figure 2) and based on the data of Beck [36] and Heinemann (the HypoDE study) 

[38] is now the reference standard that should be adopted, substituting the previous ADAG equation 



calculated using earlier technologies (CGMS, Medtronic, Minimed) [35]. The small differences 

between the two slopes are illustrated in figure 2. 

Relationships between HbA1c or mean glucose concentration and TIR 70-180 or 

TAR >180 

Utilizing data from of 4 randomised controlled trials [38-41] conducted in a 545 adults with type 1 

diabetes, Beck et al [42] calculated the correlation between CGM metrics and laboratory-measured 

HbA1c by using the Spearman partial correlation coefficients. The main results can be summarized as 

follows: (i) Negative correlations (r = - 0.73 and – 0.92) were observed when TIR70-180 were tested 

against HbA1c and mean glucose concentrations, respectively; (ii) Positive correlations (r = + 0.77 and 

+ 0.98) were found when TAR > 180 were plotted against HbA1c levels and mean glucose 

concentrations, respectively. These findings demonstrate that the CGM measures such as the TIR70-

180 or TAR > 180 are highly correlated with the mean glucose concentration and less strongly with 

HbA1c levels. In a population of 247 persons, 100 with type 1 diabetes and 147 with type 2 diabetes 

we found a strong negative correlation (r = - 0.85, p < 0.001) between the TIR70-180 and mean 

glucose concentration which are in agreement with those of Beck et al [42]. However, the meaning of 

this seemingly high correlation remains questionable when it comes to be extrapolated into clinical 

practice. As shown in figure 3, the limits of the 95% confidence interval around the fitted linear 

regression line between the TIR70-180 and the mean glucose concentration range from 110 to 190 

mg/dL (6.1 to 10.5 mmol/L) for a mean glucose of 150 mg/dL (8.3 mmol/L) which corresponds to 70 

per cent of the time spent between 70 and 180 mg/dL (3.9 and 10.0 mml/L), i.e. the lower 

percentage recommended by the International consensus [20]. Reverting to the correlation between 

the TIR70-180 and HbA1c, it should be noted that the mean corresponding values of the TIR-70-180 

and HbA1c levels differ between studies [42], although by plotting these two values reported in 18 

articles, an excellent linear regression was observed: r = - 0.84 (figure 4) [43]. The analysis of the 

slope showed that a TIR70-180 of 70% corresponds to an HbA1c level of 6.7% (50 mmol/mol) and 

that any 10% change in TIR70-180 (e.g. between 50 and 60%) is equivalent to a 0.8% (9 mmol/mol) 

change in HbA1c. This enthusiasm toward these equivalences should be attenuated by the fact the 

confidence interval of the 0.8% change in HbA1C ranges between – 0.95 and 1.21%. 

 Bringing all these studies together strongly suggest that an overall comprehensive appraisal of the 

ambient hyperglycaemia cannot be restricted to the determination of one single metrics, but should 

include not only the assessment of laboratory-measured HbA1c levels, considered to be the gold 

standard [16], but also the TIR70-180 [20] and the GMI [21], based on the average 24-h mean daily 



glucose concentrations over several days. Consequently, it appears that the CGMs and more 

specifically the rtCGM and isCGM play a key role to satisfy this requirement [14,15,37]. 

Relationships between glucose variability, hypoglycaemia and TIR 70-180 or 

TBR < 70 

Despite no compelling evidence that rapid glucose fluctuations from peaks to nadirs, also referred to 

as within-and between-day glucose variability [11,17,44,45] are a risk factor for long-term diabetes 

complications, several observational studies have reported an association between these indices of 

dysglycaemia and biomarkers of activation of oxidative stress [46,47,48], one of the key players in 

the pathophysiology of diabetes cardiovascular outcomes [49] There is however increasing evidence 

that the frequency of hypoglycaemia increases exponentially with increasing short-term glycaemic 

variability, which progressively increases from type 2 diabetes treated with oral agents such as 

sulfonylureas to type 1 diabetes with an intermediary stage represented by insulin -treated type 2 

diabetic patients [17]. More recently it has been demonstrated that short-term glucose variability 

(coefficient of variation, %CV) is a major contributor to and predictor of level 2 hypoglycaemia 

(glucose value < 54 mg/dL, i.e. < 3.0 mmol/L) in type 1 diabetes [5]. As the TBR < 70 is the best 

metrics for quantifying the presence of hypoglycaemia (both levels 1 and 2), we tested whether 

short-term glucose variability can be deduced from the TBR < 70 mg/dL (3.9 mmol/L). In a population 

of 247 persons with type 1 and type 2 diabetes, the TBR < 70 was positively and significantly 

correlated with the %CV: r = 0.67 (p < 0.001) (figure 5). For a 4% TBR threshold [20], the 

corresponding value of the glucose variability was 33% (95%CI = 18 to 48%). However, the seemingly 

good correlation between the %CV and the TBR < 70 is in fact highly questionable because persons 

exhibiting a mean glucose variability of 33% can have either a stable or labile diabetes according to 

whether their real %CV is closer to the lower (18%) or upper value (48%) of the 95% confidence 

interval, respectively. It can therefore be concluded that the TBR is unable to estimate the short-term 

glycaemic variability which requires specific metrics among whom [45] the %CV appears to be the 

most applicable for clinical practice [17,18] with a threshold of 36% to separate stable from labile 

diabetes. However daily repeated measures of short-term glucose variability can provide an estimate 

of longer-term variation of glucose homeostasis if averaged over several days. It should be 

mentioned that the “averaged daily CV”, calculated by using the abovementioned computation, 

should not be confused with the “daily CV by average”, which is provided by averaged glucose 

profiles over time. The latter, which is usually smaller than the former [50], underestimates the 

glycaemic variability, the underestimation becoming more and more marked with worsening 

synchrony of glucose patterns from day-to-day [51]. Therefore a large disparity between the 



“averaged daily CV” and the “daily CV by average” reflects high between-day glucose variability. 

Finally, it is necessary not to confuse the short or medium- term variability and the long-term 

variability of glucose homeostasis (visit-to-visit variability), which is usually calculated by the 

standard deviation (SD) and CV of fasting blood glucose or HbA1c measured from monthly or 

quarterly spot blood sampling [52,53,54]. 

Conclusion: from the “glucose tetrad” to an extended group of metrics 

It appears that a broad range of metrics representing short, medium and long-term glycaemia is 

necessary to quantify or detect the four main components of dysglycaemia (figure 1). As some of 

these metrics are more or less inter-correlated, they could, at first glance, appear to be somewhat 

redundant, but our present review implies that the word complementarity is more appropriate. The 

assessment of ambient hyperglycaemia (figure 6) should not be limited to quarterly measurements 

of HbA1c, but should encompass medium -term metrics such as those of the TIR, TAR and GMI 

[14,20-22] that integrate the chronic glucose exposure overall several days or weeks. The detection 

of hypoglycaemia, which is limited when patients are relying on spot capillary glucose testing, can be 

enhanced using the TBR < 70 or < 54 mg/dL over short-or medium -term periods of time. Whereas 

the glycaemic variability based on daily glucose fluctuations is normally the remit of short-term 

metrics, the use of CGM devices over longer periods of time permits a broader assessment of this 

parameter. However, when such medium-term measurements are performed, our recommendation 

would be to express the results as “averaged glycaemic variability” rather than as “glycaemic 

variability by average”. In other words, the daily measure of glycaemic variability (%CV) should be 

averaged over several consecutive days, because the use of the “glycaemic variability by average” 

leads usually to an underassessment of glucose fluctuations. Finally, the postprandial glucose 

excursions contribute both to the chronic glucose exposure and glycaemic variability and its 

assessment requires specific determinations [17]. According to the data provided by studies of 24-h 

glycaemic profiles in people with type 2 diabetes [31-33], postprandial glucose peaks usually occur 60 

to 90 minutes from the beginning of the meal and therefore special attention should be given to the 

the 1-hour glucose value that appears to be the most appropriate for testing postprandial glucose 

excursions [55-57]. 

Currently and as represented in figure 6, the target ranges and thresholds have been defined for all 

the aforementioned parameters, ambient hyperglycaemia, glycaemic variability, hypoglycaemia and 

postprandial glucose [6,20], with most of them requiring the use of CGM technologies and more 

specifically of those also permitting medium- and long-term recording [58]. 
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Legends of figures 

 

Figure 1: Assessment of glucose homeostasis from the « glucose tetrad » with recommended target 

ranges and thresholds. %CV: coefficient of variation for glucose; PPG: postprandial glucose 

Figure 2: Regression lines used for computing the eHbA1c (estimated HbA1c) and the GMI (Glucose 

Management Indicator) on the Y axis from the CGM-measured mean glucose concentration on the X 

axis. The assessments of eHbA1c and GMI are based on the results of the ADAG study [35] and on 

data sets combining the Beck [36] and HypoDE [38] equations. Slight differences are observed 

between the 2 regression lines at least when CGM-measured mean glucose concentrations remain 

within a range from 100 (5.6mmol/L) to 200 mg/dL (11.1 mmol/L)(shaded area)  

Figure 3: Relationship of the TIR (X axis expressed as percentage from 0 to 100) versus the mean 

glucose concentration (Y axis expressed as mg/dL or mmol/L) in 247 patients with either type 1 or 

type 2 diabetes. The limits of the 95% confidence band (shaded areas) for the measured mean 

glucose values around the fitted line are indicated as broken lines. The lower thresholds of the 70% 

TIR recommended by the International Consensus corresponds to a mean glucose concentration of 

150 mg/dL (8.3 mmol/L) [95%CI = 110-190 mg/dL (6.1-10.5 mmol/L) 

Figure 4: Relationship between HbA1C (%) and Time-in Range (%). The 18 points correspond to the 

mean paired HbA1c and TIR data sets reported in different articles. A TIR value of 70% corresponds 

to an HbA1c level of 6.7% (50 mmol/mol) and any 10% change in TIR (e.g. from 50 to 60%) is 

equivalent to a 0.8% (9mmol/mol) change in HbA1c [adapted from reference 43] 

Figure 5: Relationship of the TBR expressed as percentage after transformation into its square root (X 

axis, √TBR) versus the coefficient of variation for glucose (%CV, Y axis expressed as percentage). The 

square roots were used according to the analysis of the residuals in order to improve the linear fitting 

of the relationship. The broken lines indicate the limits of the 95% confidence band (shaded area) for 

the %CV around the fitted line. The threshold of the 4% TBR (i.e.√4% = 2 on the X axis) recommended 

by the international consensus corresponds to a %CV of 33% (95% CI = 18-48%) 

Figure 6: Assessment of the glucose homeostasis from the most recently extended group of metrics 

that include long-, intermediate-and short-term metrics. 

TIR: Time in Range between 70 and 180 mg/dL (3.9 and 10.0 mmol/L)  ; TAR: Time above Range >180 

mg/dL (10.0 mmol/L) ; TBR: Time below Range < 70 or 54 mg/dL (3.9 or 3.0 mmol/L) ; GMI: Glucose 



Management Indicator derived from the measured mean glucose concentration; %CV: coefficient of 

variation for glucose; PPG : Postprandial glucose 

 


