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Abstract
Continuous glucose monitoring 
(CGM) is quickly becoming a 
mainstay of diabetes management. 
Continuous glucose data can help 
patients and their providers identify 
glucose trends, make informed 
treatment decisions, reduce risk of 
hypoglycemia and augment insulin 
delivery in hybrid closed-loop insulin 
delivery systems. CGM has the 
potential to improve short-term and 
long-term outcomes for the person 
with diabetes. As an integral member 
of a diabetes care team, the 
registered dietitian nutritionist (RDN) 
can play a valuable role in helping 
patients choose CGM devices, 
identify glycemic trends, make 
therapy recommendations and use 
data to adapt behaviors that improve 
health outcomes.

Introduction
CGM was first introduced 
approximately twenty years ago (1) 
as an adjunct tool for measuring 
glucose. While traditional home 
blood glucose monitors provide a 
“snapshot” of the blood glucose, the 
CGM provides continuous up-to-date 
glucose readings that present more 
of a “motion picture” of glucose 
levels. Early devices were fraught 
with challenges such as painful and 
frequent insertions, false alarms, 
inaccurate readings and failed 
communication signals. Over the 
course of twenty years, the systems 
have become much more accurate 
(2) and user-friendly. The clinical 
benefits of CGM include reduction of 

hypoglycemia, reduction of 
hemoglobin A1c and the increase of 
the amount of time glucose values 
are in target range (2-4). Uses for 
CGM include personal, professional 
and augmented insulin pump 
systems. Personal CGM may be 
continuously worn by the patient to 
aid in therapy decisions or 
intermittently used to observe 
trends. Professional CGM is a clinic-
owned CGM worn by the patient for 
6 to 14 days. This data can be used by 
the patient and their care team to 
detect trends and decide on 
therapeutic changes. The newest use 
of CGM includes the combination of 
insulin pump therapy and 
continuous sensor data for insulin 
delivery, and suspension using real-
time glucose values. The diabetes 
technology world is evolving at a 
rapid pace to advance the patient 
experience with these devices. The 
diabetes team is tasked to keep up 
with the emerging science and 
device options in order to help 
patients utilize these dynamic tools 
and improve quality of life and 
glycemic control. 

Nuts and Bolts of 
Continuous Glucose 
Monitoring 
While traditional glucose meters 
measure capillary blood glucose by 
finger-stick, CGMs measure glucose 
in the interstitial tissue fluid. The 
sensor is inserted into the skin and 
subcutaneous tissue where it remains 
for a week or longer. A transmitter 
connected to the sensor sends data 
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to a receiver. The user is able to view 
“real-time” sensor glucose values 
approximately every one to five 
minutes (5). The system also displays 
past glucose trends and directional 
arrows indicating the rate of glucose 
change. The user can set alarms for 
high and low values as well as set 
predictive alerts which indicate 
possible future highs or lows based 
on rate of change. Some CGMs 
require patients to acquire periodic 
blood glucose values by finger-sticks 
in order to calibrate the CGM while 
other models are calibrated at the 
factory. All CGM systems require a 
warm-up period when the sensor is 
first inserted. During this time, the 
patient is unable to see data and 
must rely on traditional monitoring. 
Some CGMs have FDA approval to 
use the data for treatment-based 
decisions while other models require 
the user to check blood glucose via 
finger-stick when treating high or 
low blood glucose.

It is important to teach patients that 
blood glucose and interstitial or 
sensor glucose values can differ. 
When blood glucose is relatively 
stable, the concentration of glucose 
in the blood and interstitial tissue is 
similar. However, as glucose levels 
rise or fall due to variables such as 
carbohydrate intake, insulin delivery 
or exercise, the difference between 
blood glucose and interstitial glucose 
levels may be greater. After the initial 
effect of the variable, it can take 
some time for the blood glucose and 
interstitial glucose concentration to 
equalize. This effect is referred to as 
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“lag time.” If calibration is required, 
patients are usually instructed to 
calibrate their device during a steady 
state (before eating, before giving 
rapid-acting insulin or before 
exercise) as this can aid in sensor 
accuracy.  

The accuracy of each device is rated 
using a standard known as 
percentage mean absolute relative 
difference (%MARD) (2). The %MARD 
indicates how well the sensor 
readings compare to Yellow Springs 
Instrument (YSI) reference values (an 
industry standard).  The accuracy and 
precision of CGM devices have 
improved over the years which is 
reflected in lower %MARD values 
which can be found on the 
manufacturers’ websites and device 
manuals. Patients are cautioned to 
check blood glucose after thorough 
handwashing if their sensor glucose 
readings do not reflect physical 
symptoms.

Besides allowing the patient and 
their caregivers to view glucose data 
in real-time, CGMs generate 
retrospective data allowing the 
patient and their care team to 
analyze glucose trends and patterns. 
Data can be transmitted to the cloud 
or uploaded from the receiver to a 
shared site or at the provider’s office. 
CGM reports can provide insight into 
the effect of specific variables on 
glucose levels as well as an overview 
of patterns. One trending metric 
includes “time in range,” generally 
defined as 70-180 mg/dl for patients 
with type 1 (T1D) and type 2 diabetes 
(T2D) (6). Individualized target ranges 
are recommended for older, high-
risk, and pregnant patients. CGM 
users are able to make changes to 
their care plan and analyze the 
impact on “time in range” with the 
goal of increasing the percentage of 
time glucose is in ranges and 

decreasing time spent below 70 mg/
dl and above 180 mg/dl.

Types of CGM
Personal Use
The RDN can help patients decide 
which type of CGM is best – 
considering insurance coverage, cost, 
ease of use, available alerts, need for 
calibration and ability to share 
results.  The currently available CGMs 
and some of the relevant features are 
listed in Table 1. The Dexcom, 
Senseonics, and Medtronic models 
are examples of “real-time CGM” 
(rtCGM) as the glucose values are 
constantly transmitted to a device - 
providing high and low glucose 
alerts and predictive alarms. Adults 
and children treated with insulin can 
benefit from the alerts that the 
rtCGM models provide. The Freestyle 
Libre system is an example of 
“intermittently scanned CGM” 
(isCGM), or flash technology, as the 
user must scan the reader over the 
sensor in order to obtain glucose 
values that are updated every 
minute. While isCGM does not 
provide high or low alerts at this 
time, or predictive alarms, this can be 
a more affordable option for adults 
who have a low risk for 
hypoglycemia. All systems do have 
the ability for past data and trends to 
be viewed by the patient and 
healthcare providers. Some systems 
are calibrated at the factory and 
therefore do not require periodic 
finger-sticks for calibrations. The 
Freestyle Libre and Dexcom systems 
have obtained FDA approval for 
sensor values to be used for 
treatment decisions. The Medtronic 
Guardian Connect does not have this 
indication as of yet and requires the 
user to check blood glucose by 
finger-stick when dosing insulin for 
treatment decisions. With any CGM, 
the user may need to perform finger-
sticks in the case of questionable 

CGM data, lost CGM connection or 
during warm-up period. Traditionally, 
CGMs are inserted by the user at 
home every 6-14 days. The newest 
brand of CGM on the market is the 
Senseonics Eversense which includes 
a pill-sized sensor that is surgically 
implanted in the upper arm as an 
outpatient procedure and changed 
out every ninety days. At this time, 
the Eversense is not widely available.

One major benefit of CGM is the 
ability to share data in real-time. The 
sensor data can be sent to a mobile 
device carried by the user and that 
data is then available to selected 
caregivers such as parents, school 
nurses, spouses or friends. This can 
provide an enhanced level of 
confidence and security for the user 
and the caregivers. For example, 
parents can receive low glucose 
alerts during the night and respond 
to or prevent a hypoglycemic event. 
When exploring this feature, it is best 
to consult the company website to 
find current list of compatible mobile 
devices.

Professional Use of CGM
Continuous glucose monitors can 
also be used in the ambulatory clinic 
for recording glucose trends. These 
systems are purchased by the 
healthcare provider and placed on 
patients in a clinic setting. See Table 2 
for currently available Professional 
CGM. The patient wears the device 
for multiple days and is asked to keep 
records of food, activity and 
medication. Once the device is 
returned and uploaded, the provider 
can view trend reports and make 
treatment or lifestyle 
recommendations to improve 
glycemic control. Professional CGM is 
useful for patients with T1D or T2D 
who do not monitor blood glucose 
consistently, suspect nocturnal hypo- 
or hyperglycemia, and experience 
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Table 1.  CGM Devices Available for Personal Use (7)

Sensor wear

Sensor 
placement*

Transmitter

Warm-up 
period

Smart phone 
compatible

Calibration

Use Sensor 
Data for 
Treatment-
based decision

Data Sharing
Software

Age indication

Sensor/
Transmitter
Water 
resistance

Medicare 
Coverage**

Other 
considerations

Intermittently Scanned 
Continuous Glucose 
Monitors (isCGM)

Real-time Continuous Glucose Monitors (rtCGM)

Abbott Freestyle Libre 
14-day (8)

14 days 

Upper arm

Single use sensor/ 
transmitter unit

1 hour

Yes – Freestyle
LibreLink app

None required

Yes

LibreView

18 years and above

3 feet 
30 minutes

Yes

Potentially lower cost;

easy data sharing with 
LibreLink Up app

Medtronic 
Guardian 
Connect (11)

7 days 

Abdomen
Upper arm

•  Attaches to 
sensor

•  Recharged 
regularly

•  Replaced 
annually

Up to 2 hours

Yes - Guardian 
connect app

Every 12 hrs

No

Carelink

14 years and 
above

8 feet 
30 minutes

No

Sugar IQ app 
can be used to 
help patient 
identify BG 
trends

Dexcom G6 (10)

10 days 

•  Abdomen – all 
ages

•  Upper 
buttocks - age 
2-17yrs

•  Attaches to 
sensor

•  Replaced every 
90 days

Up to 2 hours

Yes -
 Dexcom app

None required

Yes

Dexcom Clarity

2 years and 
above

8 feet 
24 hours

Yes

Easy sharing 
with Dexcom 
Share app

Dexcom G5 (9) 

7 days

•  Abdomen – all 
ages

•  Upper 
buttocks - age 
2-17yrs

•  Attaches to 
sensor

•  Replaced 
every 90 days

Up to 2 hours

Yes -
Dexcom app

Every 12 hrs

Yes

Dexcom Clarity

2 years and 
above

8 feet 
24 hours

Yes

Easy data 
sharing with 
Dexcom Share 
app

Senseonics 
Eversense (12)

90 days

Upper arm

•  Attaches to 
sensor

•  Recharged 
regularly

24 hours

Yes - Eversense 
app

Every 12 hrs

No

Eversense DMS

18 years and 
above

Transmitter 3.2 
feet 
30 minutes

No

Transmitter will 
vibrate on arm 
for low alerts 
even if phone is 
not within 
range

*FDA approved sites
** Medicare coverage requirements include: 1) patient must be taking 3 or more insulin injections/day; and 2) documentation that 
patient is currently checking blood sugar four times per day.
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wide fluctuations in blood glucose or 
when the hemoglobin A1c does not 
correspond with blood glucose 
values. For optimal results, it is 
important that the patient be willing 
to keep detailed food, exercise and 
medication records while wearing 
the CGM so the provider can assess 
the influence of these variables when 
interpreting results.

Clinics can bill insurance for 
placement/removal of professional 
CGM and interpretations of results. 
The startup/training CPT code 95250 
is used for sensor placement, 
hookup, calibration of monitor, 
patient training, removal of sensor 
and printout of recording. The CGM 
interpretation CPT code 95251 is 
billed for analysis, interpretation and 
report and must be based on a 
minimum of 72 hours of sensor data. 
The interpretation must be 
performed by a physician, nurse 
practitioner or physician assistant 
(14). However, the RDN working with 
these team members may play an 
integral role in reviewing food and 
activity records alongside the CGM 
report and providing expert advice 
to the interpreter. Because the RDN is 
often the team member that 
investigates the details of the 
patient’s food, exercise and insulin 
habits, the RDN can use the patient’s 
CGM reports to help patients identify 

the best lifestyle practices to 
optimize glycemic control. 

CGM Integrated Pump Therapy
The introduction of sensor-
augmented delivery systems allows 
for a more dynamic, and potentially 
safer, way to deliver insulin for insulin 
pump wearers. At this time, there are 
three FDA-approved integrated 
systems available in the United 
States: Medtronic 630G pump/
Guardian Sensor 3; Medtronic 670G 
pump/Guardian Sensor 3; and 
Tandem T-SlimX2 pump/Dexcom G6. 
One useful feature of 670G and 
T-SlimX2 pumps when worn with the 
sensor includes the ability to suspend 
basal insulin when a low blood 
glucose is predicted and then 
automatically resume insulin when 
the glucose begins to trend back 
upwards (15-16). This allows for 
reduced incidence of hypoglycemia 
and also can help prevent 
hyperglycemia resulting from 
prolonged basal suspension. When 
the 670G pump is set to “automode,” 
the pump replaces the programmed 
basal rates with micro-delivery of 
insulin that is determined by the 
patient’s current sensor glucose, rate 
of change, active insulin and target 
of 120 mg/dl. This allows for 
personalized background insulin 
delivery based on current glucose 
and trends. The Tandem X2 with 

Control IQ has also been FDA 
approved and is expected to be 
launched for public use in 2020. 

Contraindications and other concerns 
All CGMs include a sensor and or 
transmitter that is attached to outer 
skin. The tape can cause skin 
irritation or can detach prematurely. 
There are various types of medical 
tape and skin preparation solutions 
that can assist patients with 
adherence and skin reactions. Certain 
substances can interfere with CGM 
accuracy, including acetaminophen 
and ascorbic acid (3). It is best to 
check with the CGM company 
regarding substance interference. 
CGM sensors can also be sensitive to 
pressure on the sensor. False lows 
may result if the sensor receives too 
much pressure due to lying on the 
site or seatbelt pressure. Patients 
should be instructed to check blood 
glucose by finger-stick when the 
sensor glucose does not match 
physical symptoms. Patients are also 
advised to remove sensors and 
transmitters during X-ray, MRI and CT 
scan. 

Summary
The RDN can play a valuable role in 
CGM therapy by guiding patients in 
choosing and obtaining CGM, 
teaching patients best practices for 
using CGM, and helping patients and 

Table 2.  CGM Devices Available for Professional Use (15)

Sensor Wear

Readings available 
for patient to see

Calibration

Dexcom G4

Up to 7 days

Determined by provider;
can be set for blinded or 
non-blinded use

Every 12 hours

Abbott Freestyle Libre Pro

Up to 14 days

No

None required

Medtronic iPro2

Up to 6 days

No

None required but user does need 
to check BG on a meter that is 
downloaded along with the CGM
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providers interpret results and 
improve lifestyle habits that can 
improve glycemic control. When a 
patient provides detailed records of 
food, medication and activity along 
with CGM trend graphs, the RDN can 
help the patient discover the effects of 
food, insulin doses, insulin timing and 
activity, and guide the patient on 
targeted behavior modifications. 
Some studies suggest that CGM 
technology can assist patients in 
behavior modification regarding food 
and exercise choices, and when used 
alongside lifestyle interventions, can 
aid patients in caloric and 
carbohydrate reduction (18).

Additional benefits of CGM include 
the ability for patients to monitor 
“time in target range.” CGM software 
can display the amount of time 
glucose is in range which can be 
used as another tool to assess the 
patient’s glycemic control. With the 
goal of spending more time within 
this range, the RDN and the patient 
can see how the lifestyle 
modifications affect this metric to 
improve safety and glycemic control. 
It is essential that the RDN working 
with people with diabetes stay 
informed and skilled in this evolving 
technology.  Many resources are 
available and a few are listed in Table 
3. As more people with diabetes turn 
to CGM therapy, the informed RDN 
can serve as a valuable resource for 
patients.
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