
Journal of Diabetes Science and Technology
2015, Vol. 9(5) 1021–1026
© 2015 Diabetes Technology Society
Reprints and permissions: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1932296815577812
dst.sagepub.com

Original Article

Several real-time continuous glucose monitoring (CGM) 
systems have been used for diabetes management. Many 
people have identified patient specific benefits from using a 
CGM system. Whether their objective is an improved A1C, 
reduction in hypoglycemia, optimized therapy, or use in an 
artificial pancreas system, CGM is a tool helping people 
reach their diabetes management goals. Those goals are eas-
ier to reach due to significant advances in CGM such as bet-
ter accuracy, more reliability, improved connectivity, and 
smaller form factors.

Continuous glucose monitors have long been associated 
with improved patient outcomes as a result of patients’ 
increased cognizance of their glucose levels. It was previ-
ously reported that the use of a 3-day, subcutaneous, real-
time, continuous glucose sensor was well-tolerated and 
resulted in an improvement in glycemic excursions.1 There is 
abundant clinical evidence suggesting that patients who use 
their CGM data to improve their treatment decisions experi-
ence a reduction of A1c values2-4 and glycemic excursions.5,6 
A recent JDRF CGM trial showed that using CGM is associ-
ated with improved glycemic control in adults.7 Also, CGM 
glucose readings provide a unique perspective from which to 

view diurnal glucose patterns without time and frequency 
biases.8 It has also been shown that viewing both continuous 
glucose readings and trend information help patients identify 
and prevent unwanted periods of hypo- and hyperglycemia.9 
We have previously reported a continuous improvement in 
CGM performance that compares favorably to an earlier 
7-day CGM product.10 Reports have shown that patients 
using a modified CGM system in conjunction with an insulin 
pump can significantly reduce their nocturnal hypoglyce-
mia.11,12 Patients using CGM have better information to 
make better diabetes treatment decisions than ever before.13,14

This clinical study assessed the accuracy, safety and clini-
cal benefit of the Dexcom G4 Platinum system, commercial-
ized late 2013.
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Abstract
Background: The purpose of this study was to evaluate the accuracy and efficacy of Dexcom G4 Platinum CGM System. 

Methods: Seventy-two subjects enrolled at 4 US centers; 61% were male; 83% had T1DM and17% had T2DM. Subjects wore 
at least 1 system for up to 7 days. Subjects participated in a total of 36 hours in the clinic to contribute YSI reference glucose 
measurements with venous blood draws every 15 minutes on study Day 1, Day 4, and Day 7. 

Results: The overall mean absolute relative difference (ARD) versus YSI was 13% with a median of 10%. Precision ARD was 
9% ± 4% between 2 sensors with a 7% coefficient of variation. The mean ARD versus SMBG was 14% with a median of 11%. 
One hundred two (94%) sensors lasted 7 days and the systems displayed 97% of their expected glucose readings in average. 
The time spent in low CGM readings during nighttime hours decreased from the first night use to the 6th night (P < .001) 
with a small difference in average CGM glucose from 147 ± 40 mg/dL to 166 ± 62 mg/dL. There were no serious adverse 
events or infectious complications reported. 

Conclusions: The study showed the Dexcom G4 Platinum CGM System is one of the most accurate CGMs. The significant 
reduction in nocturnal time spent in a hypoglycemic state observed during this study suggests that a longer term study of 
CGM use, especially nocturnal use, could be beneficial for patients with hypoglycemia unawareness.
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Materials and Methods

Study Population

Seventy-two subjects with diabetes mellitus were enrolled at 4 
centers within the United States between November 2011 and 
February 2012. Forty-four subjects were male (61%), and 28 
subjects were female (39%). The mean ± SD age of those who 
enrolled was 42.2 ± 14.0 years old with the youngest being 18 
and the oldest being 74. The majority of subjects (94%) were 
White, 1 subject was Asian (1%), and 3 subjects were African 
American. Sixty-four subjects were not of a Hispanic or Latino 
ethnicity origin and 8 subjects were Hispanic or Latino. Sixty 
subjects were persons with type 1 diabetes (83%), and 12 sub-
jects were persons with type 2 diabetes (17%). Fifty-nine sub-
jects used insulin by multiple daily injections (MDI) or 
continuous subcutaneous insulin infusion (CSII) therapy 
(82%), while 7 other subjects used oral agents or non-insulin-
injectable hypoglycemic agent treatment (10%), and 6 sub-
jects used a combination treatment (8%).

At baseline, subjects performed SMBG 5.1 ± 2.7 times 
daily, and had an A1C of 7.7 ± 1.3% and Hematocrit of 44.1 
± 4.2%. Subject BMI was 28.7 ± 5.8 kg/m2, ranging from 
19.6 to 49.4 kg/m2. The study protocol was approved by the 
institutional review boards of all participating centers, and 
all subjects provided witnessed, written informed consent 
prior to enrollment.

Study Procedures and Data Collection

This study was prospective, open-labeled, nonrandomized, 
and enrolled subjects from November 2011 to February 2012 
(clinicaltrials.gov ID: NCT01514292). All subjects partici-
pated in 1 G4 Platinum sensor session that lasted up to 7 days 
(168 hours). For the purpose of assessing sensor precision, 
36 subjects wore 2 systems simultaneously, 1 system was 
blinded and the other was unblinded during home use, and 
both systems were blinded during in-clinic hours.

All subjects were provided with a SMBG meter 
(OneTouch® Ultra2®, LifeScan, Inc, Milpitas, CA) and test 
strips. This meter was used to collect blood glucose measure-
ments performed throughout the study for receiver calibra-
tion and diabetes self-management purposes; capillary 
samples were obtained from fingersticks (alternative-site 
testing was not allowed).

Subjects were asked to participate in between 36 to 39 
hours of blood draws through an intravenous catheter span-
ning 3 in-clinic sessions. Subjects contributed fingersticks 
using their provided meter approximately once every 30 min-
utes (and as indicated for diabetes management or clinical 
safety purpose) for the clinic session duration, as well as 
undergoing peripheral intravenous (IV) catheterization of the 
dorsal hand, lower arm, or antecubital region to obtain blood 
samples for YSI blood glucose determination. Carbohydrate 
consumption, insulin dosing, and meal timing were 

manipulated to obtain a wide range of glucose values during 
the clinic session.

During home use 1 CGM system was set to display (pro-
spective) mode. Subjects were asked to use the blood glu-
cose meter and test strips provided to them to take a minimum 
of 7 fingersticks per day (for calibration, diabetes manage-
ment, and confirming high and low CGM glucose alerts).

Adverse event screening and sensor insertion site assess-
ments were performed at each clinic visit. Digital data from 
CGM receivers and SMBG meters were downloaded via per-
sonal computer for analysis. At all times, subjects were 
instructed to use SMBG values in conjunction with sequen-
tial CGM readings over time to guide diabetes management 
decisions.

Statistical Methods and Data Analyses

The system performance was evaluated in terms of the pro-
portion of the CGM system values that are within ± 20% of 
relative difference of reference value at glucose levels >80 
mg/dL and ± 20 mg/dL of absolute difference at glucose 
level ≤ 80 mg/dL (hereafter referred to as %20/20 mg/dL). 
The %20/20 metric measures the closeness of the CGM sys-
tem to a reference standard. Performance of the system was 
also evaluated according to length of time from sensor inser-
tion and system accuracy was assessed by the difference in 
the glucose measurements from the CGM system real-time 
display to subjects when compared to the laboratory standard 
results from YSI. Pearson correlation coefficients were used 
to evaluate the relationships between CGM, YSI, and SMBG 
measurements. Also, Clarke error grid (CEG) Analysis and 
continuous glucose error grid analysis (CG-EGA)15 were 
used to quantify the clinical accuracy of CGM in reference to 
the laboratory standard of YSI.

Diagnostic features of the CGM were assessed for both 
hypoglycemia and hyperglycemia. The features tested were 
detection rates, and true CGM alert rate. The true alert rate 
shows a percentage of how often the CGM alert is correct or 
incorrect; and the detection rate shows a percentage of how 
often the CGM recognizes and alerts the user to a hypoglyce-
mia threshold event or how often it misses an event.

The frequency and time of CGM hypoglycemia (extreme 
low, hypoglycemia) events during nocturnal use (8 pm to 8 
am) was also summarized. CGM extreme low, and CGM 
hypoglycemia were defined as a CGM reading ≤ 55 mg/dL, 
and ≤ 70 mg/dL respectively, and time of CGM hypoglyce-
mia is estimated as the cumulated CGM readings. A CGM 
reading is accounted for 5 minutes interval of time.

Chi-squared tests were used for comparisons of categori-
cal variables, and nonparametric tests were used for com-
parisons of continuous variables. All statistical comparisons 
were conducted at the α = .05 level of significance using 
2-tailed tests. Analyses were performed using SAS® 
Software, version 9.3 (SAS Institute, Inc, Cary, NC).
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Results

Dexcom G4 Platinum Accuracy

Of the enrolled 72 subjects, 68 participated in all 3 clinic ses-
sions including blood draws. A total of 9152 CGM-YSI tem-
porally paired points that fell within a 40-400 mg/dL range of 
the CGM were analyzed. The Pearson correlation coefficient 
calculated between CGM and YSI measurements was 0.95 
and is a statistically significant linear relationship (P < 
.0001); the overall median absolute relative difference 
(ARD) was 11% with a mean ± SD of 13 ± 11%; the total 
percentage points within 20 mg/dL or 20% of YSI reference 
values was 82%, the percentage within 30 mg/dL or 30% of 
YSI reference was 93%. CEG analysis showed 8934 (98%) 
points falling within clinically acceptable regions A or B, 
with 7363 (81%) in clinically accurate region A and 1571 
(17%) in region B (errors leading to benign or no treatment); 
25 (0.3%) points were in region C (errors resulting in over-
correction of acceptable glucose levels); 193 (2%) were in 
region D (errors representing failure to detect unacceptable 
glucose levels); and 0 (0.0%) were in region E (errors lead-
ing to erroneous treatment decisions). The CG-EGA results 
indicated that 80% of the System readings were accurate 
within the hypoglycemia range (BG < = 70 mg/dl), 98% 
were accurate within the euglycemia range (70 < BG < = 180 
mg/dl), and 96% were accurate within hyperglycemia range 
(BG > = 180 mg/dl). Similar results were observed for the 
CGM-SMBG matched pair data. Overall, the accuracy 
results of CGM when compared to either laboratory standard 
YSI or SMBG meter were similar (Table 1).

Sensor Stability and Reliability

Performance of the system was evaluated according to length 
of time from sensor insertion. Sensor accuracy and stability 
were assessed by comparing mean ARD of the paired CGM-
YSI values on days 1, 4, and 7 of sensor wear. The median 
ARD was observed to be statistically better on day 4 (8.2%) 
and on day 7 (8.9%) when compared with day 1 (13.2%) (P 

< .001); and the %20/20 was better on Day 4 and Day 7 
(87%) when compared with day 1 (71%) (P < .001). The 
performance of G4 Platinum improved after the first day of 
use and was designed to be used for up to 7 days. Out of 108 
evaluated sensors, 94% of the sensors lasted up to 7 days, 
and the vast majority of (93.5%) sensors provided at least 
75% of expected readings during system use. During each 
day of sensor use, the average sensor provided glucose read-
ings 97% ± 2% of the time.

Sensor Precision

A subgroup of 36 subjects simultaneously wore 2 systems to 
evaluate the glucose precision of the system. Of the 63,078 
total paired CGM data, the mean paired ARD (%) was 9%, 
with a mean coefficient of variation of 7%.

Hyperglycemia Detection and CGM Alert 
Accuracy

When the hypoglycemia alert was set at 70 mg/dL, the Dexcom 
G4 Platinum detected true hypoglycemia (in YSI blood glu-
cose measurement ≤ 70 mg/dL) 83% of the time within 15 
minutes, and alerted correctly 80% of the time within a 15 
minute time window. When the hyperglycemia alert was set a 
200 mg/dL, the G4 Platinum detected true hyperglycemia (in 
YSI blood glucose measurement ≥ 200 mg/dL) 97% of the 
time within 15 minutes, and alerted correctly 92% of the time 
within a 15 minute time window (Table 2).

Nocturnal CGM Hypoglycemia Reduction

The number of hypoglycemia events that subjects experi-
enced during the night decreased over the 7 days of system 
wear. Of subjects, 61% (44 out of 72) experienced CGM low 
events during their first night of CGM wear, which reduced 
to 28% (20 out of 72) of subjects for their 6th night of CGM 
wear (P = .002). Similarly, 56% (40 out of 72) of subjects 
experienced at least 1 CGM extreme low during their first 

Table 1.  Dexcom G4 Platinum System Overall Accuracy.

Compared with YSI Compared with SMBG

N of samples 9152 7508
Mean ARD (%) 13% 14%
Median ARD (%) 10% 11%
%20/20/%30/30 82%/92% 81%/94%
Mean ARD within days (Day 1/4/7) 17%/11%/12% 17%/13%/13%
Median ARD within days (Day 1/4/7) 13%/8%/9% 14%/10%/10%
CEG zone A (%)/ A+B (%) 81%/ 98% 79%/97%
CG-EGA accurate zone hypoglycemia/euglycemia/hyperglycemia 80%/98%/96% 80%/96%/94%
Mean AD (mg/dL) for CGM ≤ 100 mg/dL 13 mg/dL 12 mg/dL
Mean ARD (%) for CGM >100 mg/dL 12 % 13%
Sensor life (Up to 7 days) 94%
On time within days (288 per day) 97%



1024	 Journal of Diabetes Science and Technology 9(5) 

night, which reduced to 13% (9 out of 68, 3 subjects’ sensors 
ended early) of their 6th night of CGM wear (P < .0001). The 
number of subjects experienced CGM hypoglycemia were 
also reduced (P = .0004) (Figure 1).

The time (hours) spent in hypoglycemia during the night 
also decreased over the 7-day use of the Dexcom G4 Platinum 
CGM. For CGM low, the average time decreased from 1.2 ± 
1.4 hours on the first night to 0.2 ± 0.6 hours on the 6th night 
(P < .0001). Similarly, the average time spent at CGM 
extreme low reduced from 0.8 ± 1.0 hours on the first night to 
0.1 ± 0.5 hours on the 6th night (P < .0001). The time spent in 
CGM hypoglycemia was also reduced (P < .0001) (Figure 2).

Safety

No serious adverse events or serious device-related adverse 
events occurred during the study. Infrequent (< 10%) very 
mild skin irritation, such as erythema or edema, occurred 
around the sensor adhesive area.

Discussion

In this study, the overall mean ARD between CGM measure-
ments of interstitial glucose levels and venous YSI reference 
blood glucose levels was small (13%). A strong linear relation-
ship between CGM and YSI reference blood glucose levels 
was found (indicated by a statistically significant correlation 
coefficient of 0.95, P < .0001). A satisfactory clinical assess-
ment for CGM was seen using CEG analysis through finding 
that 81% of paired sensor-YSI points falling within the A zone 
and 98% of paired points falling within both the A and B 
zones. These results are better than accuracy measures 
observed in a previous report of a 7-day use of a CGM sys-
tem.10,11 Moreover, the present study found that G4 Platinum 
accuracy significantly improved after the first day of use (13% 
median ARD), with the median ARD on day 4 and day 7 being 
8% and 9%, respectively. The significantly improved CGM 
performance, particularly the high correlation of CGM versus 
YSI that accompanies improved rate of change performance, 

Table 2.  Hypoglycemia and Hyperglycemia Detection and Alert Rates.

Threshold level (mg/dL) Evaluable events N Subjects having event
Hypoglycemia  

detection rate (95% CI) True alert rate (95% CI)

70 1606 60 83% (81%, 85%) 80% (79%, 81%)
80 2357 65 86% (85%, 88%) 88% (87%, 88%)
90 3037 68 89% (88%, 90%) 90% (89%, 90%)
100 3803 71 90% (89%, 91%) 93% (93%, 93%)

Threshold level (mg/dL) Evaluable events N Subjects having event Hyperglycemia 
detection rate (95% CI)

True alert rate (95% CI)

180 6250 70 97% (97%, 98%) 92% (92%, 93%)
200 5406 66 97% (96%, 97%) 92% (91%, 92%)
220 4736 62 95% (94%, 96%) 91% (90%, 91%)
240 4111 62 94% (93%, 95%) 91% (91%, 92%)

Figure 1.  Number of subjects experienced night time CGM extreme low (≤55 mg/dL) or hypoglycemia (≤70 mg/dL).
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suggests that a CGM device will be ready for independent dia-
betes management and is currently able to provide patients and 
caregivers real insights into carbohydrate intake, illness, exer-
cise, and effect of insulin on metabolic control. This increased 
awareness and control suggest a lasting clinical efficacy for 
the use of CGM in the treatment of diabetes.

The study showed improved CGM reliability with a 
paired ARD between G4 Platinum systems of 9%, and 94% 
of the sensors lasted until day 7. A JDRF multicenter ran-
domized study7 found that the adult cohort that used CGM 
more frequently (83% used at least 6 days per week) showed 
substantially greater improvement in glycemic control with-
out a significant increase in hypoglycemia. The impressive 
sensor life of this new CGM device will help increase the 
adherence of CGM and facilitate subjects’ improvement in 
their glycemic control.

We report here that the Dexcom G4 Platinum showed bet-
ter performance of its diagnostic features comparing previ-
ous generation of CGM system to supplement a previous 
report regarding the system.10 The true hyperglycemia alert 
rates of more than 90% suggests that the device should 
reduce patient alert fatigue and increase trust in CGM alerts 
since hyperglycemia would be correctly detected by the 
CGM at least 90% of the time. These findings are certainly 
encouraging as they convey the realistic possibility of rec-
ommending that patients dose insulin on the CGM readings. 
Having reliable nighttime alerts can also be a major advan-
tage over traditional SMBG in terms of reducing time in 
hypoglycemia since the CGM remains active during sleep 
and can wake the patient when intervention is necessary. 
However, while CGM does offer these advantageous fea-
tures over SMBG, we found approximately 20% false detec-
tion rates and also 20% false alert rates, which is 1 area that 
the diabetes community will welcome improvements.

Although very short term, this study showed statistically 
significant reductions both in number of subjects who experi-
enced CGM hypoglycemia and time spent hypoglycemic dur-
ing nighttime use. This could be due to a number of factors. 
For example, more accurate readings in hypoglycemia, better 
detection rates, or it could be basal insulin levels. While the 
answer is not clear from this study, it is clear that there is a 
phenomenon occurring in the short term, and the diabetes 
community would benefit from more focus on nighttime 
hypoglycemia reduction and prevention as well as the 
improvement of CGM accuracy. To fully explore this, a base-
line period of blinded CGM is needed, but this study does 
raise the question and gives it cogency. Although we are not 
suggesting that these reductions were clinically meaningful 
for the long-term management of diabetes, the Dexcom G4 
Platinum data is provided in the form of real-time glucose 
values, trend graphs, hyper-/hypoglycemia alerts and trend 
arrows that may enable users to reduce both high and low 
glucose excursions, which suggests better short-term man-
agement of their diabetes. Furthermore, the real-time data and 
trend features offer patients different options in terms of deci-
sion-making since they provide a more complete picture of 
glycemic control, in particularly during night time use.

The results for this CGM device are indeed encouraging 
and suggest that a long-term validation study of clinical 
CGM benefit should be pursued, as well as guidelines in how 
to best use CGM in different areas of diabetes management 
such as hypoglycemia unawareness, tight glycemic control, 
or the effects of insulin.
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Figure 2.  Nocturnal time spend in CGM extreme low (≤55 mg/dL) or hypoglycemia (≤70 mg/dL).
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