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Abstract 

Continuous glucose monitoring (CGM)-derived time in range (TIR) correlates with Glucose management indicator(GMI) 
which correlates with hemoglobin A1c (HbA1c) among patients with type 1 and type 2 diabetes mellitus. Compare to 
HbA1c it has better correlation with glucose control, because HbA1c can be influenced by conditions like anemia, 
Chronic kidney disease, Cirrhosis of the liver etc. With our current project we wanted to introduce CGM not in 
specialized endocrine clinic, but in Internal medicine Residency clinic. The CGM team had 12 Internal Medicine and 
Transitional year Residents who were functioning under the supervision of Board Certified Endocrinologist who was a 
member of the clinic also. Twenty Five patients -85% with type 2 DM and 15% with type 1 DM on multiple injections of 
Insulin per day-3-4, self-monitored their blood Glucose(SMBG). They were given CGM- Dexcom G6 in the clinic. In the 
first 2- weeks after the switch the TIR of the blood glucose of the patients-70-180 mg/dl was 18%. Their average blood 
glucose was 286 mg/dl, GMI was 11.21%. During then first 2- weeks after initiation of CGM the patients were educated 
in length by our CGM team about their diet, physical activity, how to adjust their Insulin based on their blood glucose 
levels as well as how to treat the hypoglycemia. Members of the CGM team were contacting the patients twice a week to 
adjust patients treatment with Insulin and other per oral antidiabetic medications and or injectable – GLP1-RAG if 
needed after consultation with the Endocrinologist in the clinic based on the shared information between the clinic and 
the patients. Once a month the patients were seen in the clinic by member of the CGM team as well. The patients were 
followed for 2- years. After 3- months on CGM and followed for the 2 years thereafter the patients TIR improved from 
18 % to 74%, GMI decreased from 11.21% to 7.04% and the average blood glucose decreased from 286 mg/dl to 158 
mg/dl. There was also significant reduction of the hypoglycemia. Twenty percent of the patients were able to 
discontinue their Insulin and be treated only with oral antidiabetic medications plus/minus GLP1-RAG and have GMI 
less than 7%. We have showed that targeted TIR – above 70% which has been associated recently with diabetic micro 
and macrovascular complications in diabetic patients can be achieved not only in specialized endocrine clinics , but in 
Internal Medicine residency clinic and can be adopted by other Internal Medicine Residency programs in USA. 
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1. Introduction

The introduction of CGM is among the major inventions in Diabetology in the last 20- years. With its implementation we 
can obtain full picture of glucose control of patients with type- 1 and Type- 2 DM throughout the 24- hour period. With 
Self-Monitoring Blood Glucose (SMBG) we are obtaining information just 3-4 times a day and we are losing the overall 
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picture of glucose variability. Because the DM is a chronic disease treating it without CGM is like taking the long trip 
without the benefit of the map. The CGM systems have become much more patient’s friendly and preferred compare to 
SMBG. The CGM has become as per ADA the standard of care of patients with type 1 DM and in majority of patients with 
type 2 DM on 3-4 injections of Insulin per day. 

Time in range (TIR) and other continuous glucose monitoring (CGM)-derived metrics have been standardized in 
international consensus conferences. TIR correlates closely with GMI. GMI reflects the HbA1c without its limitations. 
The goal of TIR of 70% or above - blood sugar goal between 70-180 mg/dl per day correlates with GMI/HbA1c of 6.7-
7%. Evidence is emerging about the association of TIR with long-term diabetes complications, and each 10% increase 
in TIR shows a substantial decrease in risk for long-term diabetic complications. Application of TIR into clinical practice 
can be easily done with a gradual approach to the analysis and interpretation of CGM-derived metrics and the 
ambulatory glucose profile report. The education of physicians and their partnership with the patients are crucial for 
successful implementation of TIR and all CGM-derived metrics in clinical practice. 

HbA1c traditionally has been considered the gold standard for monitoring the glycemic control in the last 2-3 months 
and the main tool to assess the risk of diabetes complications [1,2]. However, HbA1c has several limitations. It does not 
provide information about glycemic variability, hypo- or hyperglycemi and the glucose trends throughout the 24-hour 
period. In addition, HbA1c is affected by the age, hemoglobinopathies, pregnancy, chronic kidney disease (CKD), 
cirrhosis of the liver, and ethnic and racial differences in glycation rates [3]. 

An expert panel published a consensus report in 2017 identifying several metrics with the purpose of establishing 
recommendations for the interpretation of CGM data [4,5]. These CGM-derived metrics were further defined in 2019, 
and 10 core metrics were selected as clinical targets for CGM data interpretation and use in clinical care, to help the 
clinicians and patients with diabetes in assessing their glycemic status [6]. The evidence is building around TIR as a 
predictor of long-term diabetes microvascular and macrovascular complications. 

The CANDY (Continuous Glucose Monitoring to Assess Glycemia in Chronic Kidney Disease [CKD]) trial was a 
prospective observational study designed to examine hyperglycemia, glycemic variability, and biomarkers of glycemic 
control in 105 participants with type 2 diabetes, CKD, and diabetic polyneuropathy (DPN). The prevalence of DPN was 
inversely correlated with TIR independently of HbA1c. With each 10% lower TIR the risk of Diabetic 
polyneuropathy(DPN) increased by 25%. In addition, the glucose management indicator (GMI), a CGM-derived 
estimation of HbA1c, was significantly associated with the prevalence of DPN (odds ratio 1.79, 95% CI 1.05–3.04) per 
every 1% higher GMI (7). 

There is a prospective study of 3,262 patients with type 2 diabetes that revealed an association between TIR and 
Diabetic retinopathy(DR), with increasing prevalence and severity of DR in patients with lower TIR and higher glycemic 
variability (P <0.001). Furthermore, the association of TIR with the prevalence of all stages of DR was independent of 
HbA1c [8]. 

Another study showed the association between urinary albumin-to-creatinine ratio (UACR) and TIR. The mean change 
in TIR was 13.2% (95% CI 6.2–20.2%), whereas the change in HbA1c was −1.3% (95% CI −1.6 to −1.0%); the change in 
UACR was −15% (95% CI −38 to 17%) (all P <0.05). In addition, the changes in UACR from baseline to study end were 
inversely correlated with the changes in TIR (R = −0.03, P = 0.04), and UACR decreased by 19% for each 10% increase 
in TIR (P = 0.04) [9]. 

Studies have also focused on TIR as a predictor of risk for macrovascular complications. A cross-sectional analysis of 
2,215 patients with type 2 diabetes investigated the relationship of TIR with carotid intima-media thickness (CIMT), a 
surrogate marker of cardiovascular disease (CVD). Participants with abnormal CIMT had significantly lower TIR 
(P <0.001) and higher HbA1c.The risk of abnormal CIMT was decreased by 6.4% for each 10% increase in TIR [10].  

Evidence is also emerging regarding the role of TIR as a predictor of mortality risk. A very recent prospective analysis 
of 6,225 patients with type 2 diabetes, followed for a median of 6.9 years, revealed that TIR is inversely correlated with 
the risk of all-cause mortality, with each 10% decrease in TIR having a hazard ratio of 1.08 (95% CI 1.05–1.12) for all-
cause and 1.05 (95% CI 1.00–1.11) for CVD mortality [11]. 

A cross-sectional, observational study of 336 patients with type 2 diabetes showed an association between TIR and 
lower extremities arterial disease (LEAD). Lower TIR was seen in patients with type 2 diabetes and LEAD (P <0.01), 
whereas the prevalence of LEAD by severity decreased with ascending quartiles of TIR (P <0.05) [12]. 
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All this studies confirm the role of TIR in developing the micro and macrovascular complications in patients with DM 
and the goal of the clinicians is to increase the TIR to the accepted goal of 70%. 

Objectives 

 To improve time in range (TIR) after switching from SMBG to CGM meaning BS between 70-180 mg/dl to 70% 
per day or above which approximates 17 – hours a day in patients with DM on multiple dose injections (MDI) 
of Insulin per day plus/ minus oral antidiabetic medications or and GLP1-RAG. 

 To improve the quality of care of Patients with DM type-1 and type - 2 who were out of control on 3- or more 
injections of Insulin per day in Internal medicine Residency Clinic by switching from Self-monitoring blood 
glucose/SMBG/ 3-4 times a day to Continuous Glucose Monitoring/CGM/ measured by improving patient’s 
Glucose management indicator/GMI/ which approximates HbA1c, but it is more accurate. 

2. Material and methods 

Twenty- five Patients with uncontrolled DM were recruited in our Internal Medicine Residency by our CGM team in 
Mountain View Hospital, Las Vegas, Nevada. The team consisted of 4- Transitional Year Residents 8- Internal Medicine 
Residents and Board- Certified Endocrinologist. 

The patients had Type 1 DM- 15% and Type 2 DM- 85%. Their average hbA1C before the switch to CGM was 11.21%. 
All of the patients were using 3-4 injections of Insulin per day plus minus antidiabetic oral medications or GLP-RAG and 
were SMBG four times a day. 

The patients were between 42-75 years of old. 

After the CGM team member in the clinic was notified by the patients about their interest in having CGM instead of SMBG 
the consent form was signed by the patients after thorough explaining to them the usage of CGM. 

The patients with compatible with the CGM I Phones or Android Phones were given by the CGM team a share code. That 
way the CGM team was able to monitor 24/7 the blood glucose data of the patients. The patients were seen monthly by 
the CGM team member. 

The patients who did not have compatible with CGM I Phones or Android Phones were given receiver and every month 
were seen in the clinic. There the patient’s data were downloaded and the Insulin adjusted as needed.  

Both type of patients were contacted by member of the CGM team twice weekly and their Insulin was adjusted based 
on their blood glucose readings. They were given pamphlets about the carbohydrate content and the calories of different 
types of food as well as instructions about the physical activity needed. The patients were educated how to treat their 
low blood sugar. All activities of the CGM team were supervised by the Endocrinologist who was a member of the CGM 
team. 

3. Results  

We had -25- patients in the Project with either DM type 2-85% or DM type 1-15%. They were SMBG - 3-4 times per day 
before starting the CGM. The patients were between 42-75 years of age. The Mean HbA1c before the switch from SMBG 
to CGM was 11.21%. One hundred and twenty days after starting the CGM and following the patients up to 2- years the 
HbA1c measured by GMI decreased from 11.21% to 7.04%. 

Time in range of BS between 70-180 mg/dl per day was 74% on CGM and surpassed the goal of 70%. On SMBG the 
patients had only 18 % of the time blood glucose in range. 

The average blood glucose per 24- hours decreased from 286 mg/dl using SMBG to 158 mg/dl by using CGM. 

Twenty percent of patients were able to discontinue their Insulin and be compensated with GMI less than 7% only with 
antidiabetic oral medications and or GLP1-RAG. 

The mild and more serious hypoglycemia also decreased significantly by using CGM. 
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The patient’s satisfaction improved measured by CGM Quality of life Questionnaire after the switch. This was due to 
better control of the patient’s Diabetes Mellitus and improved patients’ physical activity. Patients also started living 
healthier lifestyles and eating healthier. 

4. Discussion 

Over the last two decades the CGM has become an increasingly used for real-time monitoring of blood glucose in a 
variety of diabetes treatment settings and applications [13,14,15]. The CGM devices have become easier to use and 
operate and are covered by a wider range of insurance plans.  

The clinical improvement of glucose control continue to improve using CGM. 

The earliest application of the CGM devices was in patients with type- 1 diabetes on intensive insulin therapy with the 
goal to reduce hypoglycemia and improve glucose control [16].  

Recently, the GOLD Trial and the DIAMOND Trial, two randomized controlled trials, have confirmed the independent 
value of CGM in guiding intensive insulin therapy for type -1 Diabetic patients treated with MDI 16,17].  

Also recently there are trials confirming the role of CGM in improving the glucose control in patients with type 2 DM as 
three quarters of the patients on Multiple daily injections of Insulin(MDI) had improvement of HbA1c by 0.5%. 

The American Diabetic Association and International Consensus provides recommendations for blood glucose control 
using CGM as shown in Figure 1[18,19]. 

 

Figure 1 ADA goals using CGM in different type of Patients 

The most important goal to be achieved with the usage of CGM is the blood sugar between 70-180 mg/dl. We call this 
Time in range. The goal is the blood glucose to be in range between 70-180 mg/dl 70% of the time, except in older 
patients with high risk of hypoglycemia and pregnant patients as you can see from Figure 1. 

There is a correlation between time in range and the microvascular complication of patients with type -I and type -II 
DM as described in figure 2(20). 
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Figure 2 Frequency of development of microvascular complication according to level of TIR (70- 180 mg/dL) 
computed from quarterly seven-point blood glucose testing 

As discussed recently multiple trials showed the correlation between time in range(TIR) and the prevalence of Diabetic 
Polyneuropathy, Diabetic Retinopathy, Diabetic nephropathy as well as macrovascular complications like lower 
extremity arterial disease, carotid intima-media thickness as a surrogate marker for atherosclerotic cardiovascular 
disease and cardiovascular mortality. Usually in majority of these studies 10% change in TIR let to significant change in 
micro or macrovascular complication rate. 

In our study we were able to increase the TIR from 18 % while the patients were SMBG to 74% while using CGM. The 
average daily blood glucose decreased from 284 mg/dl to 158 mg/dl. 

We think that the more significant drop in our population of patients of average blood glucose and increment in TIR 
compare to other studies was due to the patient’s characteristics-more indigent patients in Community settings, with 
poor understanding of their disease, with poor eating habits and not realizing how to adjust their Insulin dynamically 
at least twice a week based on the level of their blood sugar, before switching to CGM and counseled by our CGM clinic 
team.  

The reported average improvement of HbA1c in our patient’s population was- 4.17%, while on average HbA1c improves 
based on other studies was between 0.3-0.6%. 

We believe that the significant improvement of the TIR after switching to CGM in our patient in long term will decrease 
the patients diabetic related micro and macrovascular complications. 

The biggest obstacle we encountered is educating our patients how to use CGM and interpret the data, to use calorie 
and carbohydrate counting, to exercise regularly and how to treat their hypoglycemia. Our CGM team did an excellent 
educational work. 
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5. Conclusion 

According to Prof. I. Tsanov the governing decision plays a key role in the success of medical experiments [21].  

This shows that our decision about the utilization of CGM device and proper patients education and follow-up can be 
done in Internal medicine residency continuity clinic run by Transitional year and Internal Medicine residents. This was 
done traditionally in the past in specialized endocrine centers. 

In our project for the first time as far as we know we have proved that we can improve the TIR and average blood glucose 
by switching from SMBG to CGM the patients with type 1 and type 2 DM on multiple daily injections of Insulin in Internal 
Residency Medicine continuity clinic with active participation of Internal medicine and Transitional Year Residents 
under the supervision of Board Certified Endocrinologist who was a part of the clinic. This can be adopted by other 
Internal Medicine Residency programs in USA to improve the quality of care of most difficult to treat diabetic patients. 
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