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The HbA1c value has been the gold standard for evaluating glucose control for decades. However, it has
limitations such as the lack of information on glycemic variability or the risk of hypoglycemia. 

The increasing use of continuous glucose monitoring has provided patients and healthcare professionals
with a range of useful metrics for the management of diabetes. 

Among them, Time in Range (TIR) is a simple and intuitive metric that gives information regarding the 
quality of glucose control. 

TIR is strongly correlated with HbA1c, and it has been linked to the risk of developing microvascular and 
macrovascular complications. 

The International Consensus on Time in Range has recently set targets for different diabetes populations.
Nowdays we have data for strogly support the use of TIR as an essential parameter in the management of 

diabete



• TIR was defined as the time spent in an individual’s target glucose range. 
• It can be expressed as a percentage (%) of CGM readings, the average time (hours and 

minutes) spent in the range per day, or both. 
• It can also be individualized, reporting the amount of time the patient remains within a 

certain goal selected as appropriate for each case, taking several individual factors into
consideration, such as type of diabetes, age, pregnancy o intention to be pregnant and 
comorbidities



CGM metrics can help to provide an improved understanding of glycemic control and 
variability compared with HbA1c

CGM, continuous glucose monitoring; TIR, time-in-range.
Battelino T, et al. Diabetes Care 2019;42:1593–603.
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AMD Annal 2021: Glycemic Control in T1D
About the 70 % of T1DM patients does not reach the HbA 1c goal, < 7 %.

https://aemmedi.it/wp-content/uploads/2022/05/AMD-Annali-diabete-tipo-1-2022-prot.pdf



Such factors are connected to clinical unmet needs, such as hypoglycemia

*95% CI: 35.7–40.4; **95% CI: 2.36–2.49. CI, confidence interval.

1. Ratzki-Leewing A, et al. Oral presentation at IDF 2021; 2. Dalal M, et al. Adv Ther 2017;34:2083–92; 3. Leiter L, et al. Can J Diabetes 2005;29:186–92;
4. Frier BM. Nat Rev Endocrinol 2014;10:711–22.; 5. Bonds D, et al. Brit Med J 2010;340:b4909; 6. Cryer P. Diabetes Care. 2012;35:1814–6;
7. Barendse S, et al. Diabet Med 2012;29:293–302; 8. Ratzki-Leewing A, et al. Diabetes Ther 2019:10:2305–11. 

Hypoglycemia risk can translate 
into hypoglycemia fear

Psychosocial implications, e.g.:

Impaired daily living
(e.g. driving/work)7

Hospitalization2 Physical 
morbidity4 or 

death5,6

Emergency 
care visits3

People experiencing hypoglyemia
are at greater risk of:

38%* of people with diabetes report ≥1 severe hypoglycemia event per year

2.42** events per person year are reported (similar rates by diabetes type)1

Strained 
relationships8

Depressive 
symptoms and 

anxiety7



Hypoglycemia can result in clinical inertia, which is a major obstacle to 
optimal glycemic control

*Using a definition of discontinuation of a greater than 45-day gap in insulin prescription coverage.

1. Harris S, et al. Poster presented at 19th Annual World Congress Insulin Resistance Diabetes & Cardiovascular Disease 2021 #0093;
2. Dalal M, et al. Adv Ther 2017;34:2083–92; 3. Leiter L, et al. Can J Diabetes 2015;39:19–25; 4. Leiter LA, et al. Can J Diabetes 2005;29:186–92;
5. Peyrot M et al. Diabet Med 2012;29:682–9.

49%

of people with 
T2D experience hypoglycemia during 

the titration period1

79%

of people with 
T2D who experience hypoglycemia 

discontinue basal insulin within 
12 months of initiation2,*

60% and 79%

of people with T2D and T1D, 
respectively, intentionally reduce 
their insulin dose to lower their 

risk of hypoglycemia3,4

76%

of physicians would 
treat people with diabetes more 

aggressively if not 
for concerns 

about hypoglycemia5



Hb, hemoglobin. Aijan RA. Diabetes Technol Ther 2017;19:S27–36. 

Reviewing the gold standard for glycemic
control assessment

Easy to measure

ADVANTAGES LIMITATIONS

HbA1c

Predictive of vascular complications

Helps management decisions

Only provides an approximate 
measure of glycemia

Unable to address glucose 
variability or hypoglycemia

Unreliable in certain conditions 
(renal failure, Hb abnormalities, other)

Relatively cheap









The value of TIR as a predictor of
diabetes-related complications

Re-analysis of DCCT data in adults with T1D (N=1440) 
collected between 1983–19931

*For assessment of retinopathy, DCCT definitions of primary prevention were used: no retinopathy at baseline (n=726) and retinopathy at baseline (n=714). **For assessment of 
microalbuminuria, 1283 participants with an AER <30 mg/24 h were included in the analysis. †Out of 105 participants, 81 were participations with moderate-to-severe CKD
(eGFR <60 ml/min/1.73m2) and 23 were matched control participants with eGFR ≥ 60 ml/min/1.73m2. ‡HR: 0.54 (CI: 0.40–0.73), for time to first severe hypoglycemia when
TIR is >70% (vs TIR ≤50%); HR: 0.60 (CI: 0.43–0.85), for time to first microvascular complication when TIR is >70% (vs TIR ≤50%); HR: 0.69 (CI: 0.52–0.91), for time to first 
MACE when TIR is >70% (vs TIR ≤50%). CI, confidence interval; CKD, chronic kidney disease; DCCT, Diabetes Control and Complications Trial; MACE, major adverse cardiac events. 
1. Beck RW, et al. Diabetes Care 2019;42:400–5; 2. Mayeda L, et al. BMJ Open Diab Res Care 2020;8:e000991;
3. Lu J, et al. Diabetes Care 2021;44:549–55; 4. Bergenstal R, et al. Presented at ADA 2020 (21-LB).

Each 10% drop in TIR was associated with increased frequency of:

In people
with T1D

+64%
increased risk of 

retinopathy*

In people
with T1D

+40%
increased risk of 

microalbuminuria**

In people with T2D 
and chronic kidney 

disease

+25%
increased odds
of peripheral 
neuropathy

A control-matched study 
of 105 people with T2D 

and CKD2†

In people with 
T2D

+8%
increased risk of 

all-cause mortality

+5%
increased risk of 
cardiovascular 

mortality

A single-center cohort 
study of 6225 people 

with T2D3

Post hoc analyses from the 
DEVOTE study in people with 

T2D (n=5644)4

More TIR (>70%) 
vs

less TIR (≤50%) 
was associated with a reduced 

risk of developing:‡

Severe
hypoglycemia -46%

Microvascular 
complications

-40%

MACE -31%(95% CI: 51–78) (95% CI: 25–56) (95% CI: 2–52)

(95% CI: 5–12)

(95% CI: 0–11)







(A) CGM use over time. (B) CGM use in 2010–2012 versus 2016–2018.4
1. Lawton J, et al. BMC Endocr Disord 2018;18:12; 2. Martens T, et al. JAMA 2021;325:2262–2;
3. Karter A, et al. JAMA 2021; 325:2273–84; 4. Foster N, et al. Diabetes Technol Ther 2019;21:66-72.

The increasing use of CGM technology is paving the way for new metrics of 
glycemic control

Provides individuals with a means of accessing 
detailed blood glucose data1

Allows individuals to better understand how 
insulin, activity and food impact their diabetes1

Use is associated with significant improvements
in HbA1c2

Initiation is associated with significant reductions 
in emergency department visits and 
hospitalizations for hypoglycemia3

The additional value of CGM50
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Presenting core metrics through the Ambulatory Glucose Profile 
(AGP)

AACE, American association of clinical endocrinologists; ADA, American diabetes association.
1. Hammond P. Br J Diabetes 2016;16(S1):S10–5; 2. Bergenstal R, et al. J Diabetes Sci Technol 2013;7:562–78; 3. Battelino, T, et al. Diabetes Care. 2019;42:1593–603;
4. American Diabetes Association Professional Practice Committee. Diabetes Care 2022;45:S83–96; 5. Fonseca V and Grunberger G. Endocr Pract 2017;23:629–32.

• AGP includes all core metrics & 14-day 
composite glucose profile

• Helps to identify trends1 and visually 
represent glycemic patterns2

Recognized in ATTD CGM consensus3

Recommended in ADA “Standards of 
Medical Care in Diabetes”4

Included in update to AACE 
CGM consensus5



Current consensus on CGM TIR targets for most people with T1D and T2D

High-risk individuals (with complications or comorbidities & pregnancy) have different targets.

*For age <25 years, if the HbA1c goal is 7.5% then set TIR target to approximately 60%. **Percentages of time-in-ranges are based on limited evidence – more research is needed. 
†Percentages of time-in-ranges have not been included because there is very limited evidence in this area – more research is needed. ‡Includes percentage of values >250 mg/dL (13.9 
mmol/L). §Includes percentage of values <54 mg/dL (3.0 mmol/L). Battelino T, et al. Diabetes Care 2019;42:1593–603.

T1D* and 
T2D

Older/High-risk:
T1D and T2D

Pregnancy:
T1D**

Pregnancy:
gestational & T2D†

>250 mg/dL
(13.9 mmol/L)

>180 mg/dL
(10.0 mmol/L)

Target range:
70–180 mg/dL

(3.9–10.0 mmol/L)

<70 mg/dL (3.9 mmol/L)
<54 mg/dL (3.0 mmol/L)

Target

<25%

>70%

<4%§

<1%§

Target

<10%

<50%‡

<1%

>50%

Target

<25%§

>70%

<4%§

<1%§

<5%

>140 mg/dL
(7.8 mmol/L)

Target range:
63–140 mg/dL

(3.5–7.8 mmol/L)

<63 mg/dL (3.5 mmol/L)
<54 mg/dL (3.0 mmol/L)

>140 mg/dL
(7.8 mmol/L)

Target range:
63–140 mg/dL

(3.5–7.8 mmol/L)

<63 mg/dL (3.5 mmol/L)
<54 mg/dL (3.0 mmol/L)

>250 mg/dL
(13.9 mmol/L)

>180 mg/dL
(10.0 mmol/L)

Target range:
70–180 mg/dL

(3.9–10.0 mmol/L)

<70 mg/dL (3.9 mmol/L)



Linear correlations have been observed between
TIR and HbA1c

A meta-analysis of 18 recent studies in people with T1D and T2D using CGM as a therapeutic intervention alone or with an insulin pump. The relationship of %TIR to 
HbA1c was determined using linear regression analysis and Pearson’s correlation coefficient.

Vigersky R & McMahon C. Diab Technol Ther 2019;21:1–5.

In a meta-analysis of 
18 studies across both T1D 
and T2D populations, there 

was a 0.8% change in 
HbA1c for every absolute 

10% change in %TIR 

TIR may represent a suitable alternative metric to HbA1c when assessing glycemic control
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Linear correlations have been observed between TIR and HbA1c

A meta-analysis of 18 recent studies in people with T1D and T2D using CGM as a therapeutic intervention alone or with an insulin pump. The relationship of %TIR to 
HbA1c was determined using linear regression analysis and Pearson’s correlation coefficient

TIE, time in range; T1D, Type 1 diabetes; T2D, Type 2 diabetes. Vigersky RA & McMahon C. Diab Technol Ther. 2019;21:1–5

In a meta-analysis of 18 
studies across both T1D and 
T2D populations, there was 
a 0.8% change in HbA1c 
for every absolute 10% 

change in %TIR 

TIR may represents a suitable alternative metric to HbA1c when assessing glycemic control
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TIR = 12.762*HbA1c + 155.4
R = 0.84; R2 = 0.7139

20 However, this correlation is impacted 
by factors such as glycemic variability, 

which should be taken into 
consideration when transitioning from 

HbA1c to %TIR

CGM data from 2559 individuals with T2D were included. Glycemic variability was assessed using the glucose coefficient of variation. Estimated HbA1c was 
calculated via mean sensor glucose. While a strong correlation between TIR and estimated HbA1c was observed (r=−0.908), regression slopes differed significantly 
based on glucose coefficient of variation. Lu J, et al. Diabetes Res Clin Pract 2020;161:108032.



TIR to be included in future clinical 
trials

• For many years, HbA1c has been used as an outcome in clinical trials and a predictor of long-term diabetic
complications, resulting in large amounts of data. 

• However, given the limitations of HbA1c in characterizing daily glycemic fluctuations or in accurately reflecting mean
blood glucose levels, there is a need to incorporate outcomes beyond HbA1c into regulatory decisions and clinical 
care . 

• The question is whether it is possible to use TIR as an alternate endpoint for clinical trials, including those for 
regulatory purposes. 

• Further prospective studies are required to obtain a definitive role of TIR in the onset and progression of chronic
complications. In the meantime, the data available so far suggest that TIR could be an acceptable end point for 
clinical trials.





SDC e Glucometria



•….To some extent, this is a renaissance of 
‘‘glycemology”, the science of measuring 
and interpreting glucose values, the 
‘‘core” of diabetology, and is now, more 
than ever, at the center of diabetes 
management
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