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Abstract

Background: The purpose of this multicenter study was to investigate the accuracy of a real-time continuous glucose
monitoring sensor in Chinese diabetes patients.
Subjects and Methods: In total, 48 patients with type 1 or 2 diabetes from three centers in China were included in the study.
The MiniMed Paradigm� 722 insulin pump (Medtronic, Northridge, CA) was used to monitor the real-time continuous
changes of blood glucose levels for three successive days. Venous blood of the subjects was randomly collected every 15 min
for seven consecutive hours on the day when the subjects were wearing the sensor. Reference values were provided by the
YSI� 2300 STAT PLUS� glucose and lactate analyzer (YSI Life Sciences, Yellow Springs, OH).
Results: In total, 1,317 paired YSI–sensor values were collected from the 48 patients. Of the sensor readings, 88.3% (95%
confidence interval, 0.84–0.92) were within – 20% of the YSI values, and 95.7% were within – 30% of the YSI values. Clarke
and consensus error grid analyses showed that the ratios of the YSI–sensor values in Zone A to the values in Zone B were
99.1% and 99.9%, respectively. Continuous error grid analysis showed that the ratios of the YSI–sensor values in the region of
accurate reading, benign errors, and erroneous reading were 96.4%, 1.8%, and 1.8%, respectively. The mean absolute relative
difference (ARD) for all subjects was 10.4%, and the median ARD was 7.8%. Bland–Altman analysis detected a mean blood
glucose level of 3.84 mg/dL. Trend analysis revealed that 86.1% of the difference of the rates of change between the YSI
values and the sensor readings occurred within the range of 1 mg/dL/min.
Conclusions: The Paradigm insulin pump has high accuracy in both monitoring the real-time continuous changes and
predicting the trend of changes in blood glucose level. However, actual clinical manifestations should be taken into account
for diagnosis of hypoglycemia.

Introduction

Blood glucose monitoring is essential to assess glucose
metabolism disorder and the efficacy of associated

treatments.1 In humans, because blood glucose levels con-
tinuously fluctuate, routine determination of blood glucose
levels at different time points does not reflect the fluctuation
of blood glucose levels over the course of the day. As a result,
continuous glucose monitoring (CGM) is extremely advan-
tageous. CGM is a novel technique that only recently has been
gradually applied in clinical practice to monitor blood glucose
levels. By using a subcutaneously implanted glucose sensor to
measure the glucose level in the interstitial fluid, the tech-
nique allows assessment of fluctuating blood glucose levels

and occult hypoglycemia and hyperglycemia in addition to
routine determination.

Currently, the CGM technique is categorized as either
professional CGM (retrospective CGM system) or individual
CGM (real-time [RT] CGM system). The RT-CGM system
provides instant information about the blood glucose level. In
addition, it has alert and forecasting functions that help to
instantly regulate blood glucose levels.2 Previous studies of
evidence-based medicine have supported the usefulness of
the RT-CGM system in clinical practice.3,4 One report showed
that the hemoglobin A1c levels were markedly reduced in
patients 25 years of age or older who received intensive
therapy for type 1 diabetes, and patients favored CGM over
performing home monitoring with a blood glucose meter.5
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Bergenstal et al.6 found that sensor-augmented pump therapy
for the treatment of type 1 diabetes mellitus resulted in a
significant decrease in hemoglobin A1c levels and a greater
proportion of patients who reached the hemoglobin A1c tar-
get compared with those on a regimen of multiple daily in-
sulin injections. Ehrhardt et al.7 found that RT-CGM
significantly improved hemoglobin A1c compared with the
self-monitoring of blood glucose in patients with type 2 dia-
betes mellitus.

In these studies, the accuracy of sensor readings is a critical
factor that impacts the benefit to the patients. Only sensor
readings that accurately reflect the blood glucose level can
instruct clinicians and patients for better control of blood
glucose levels. The venous blood glucose level is the gold
standard for assessing the accuracy of CGM.8–10 However, the
current standard for assessing the accuracy of CGM data in
the Chinese population is mainly based on self-monitoring of
blood glucose.11 Few studies have performed systematic
evaluation of blood glucose levels using frequent venous
blood collection in patients with diabetes mellitus. In partic-
ular, the accuracy of RT-CGM in Chinese populations remains
unclear. Therefore, the current multicenter study was con-
ducted to investigate the accuracy and safety of RT-CGM in
Chinese diabetes subjects.

Subjects and Methods

Subjects

The present study was a multicenter, prospective, single-
sample study. In total, 48 participants were collected from
three hospitals in China, and the study period was between
August and October 2010. The sample size of each center was
as follows: 15 participants from the Shanghai Jiao Tong Uni-
versity Affiliated Sixth People’s Hospital, 18 participants from
the General Hospital of Beijing Military Area, and 15 partici-
pants from the Chinese PLA General Hospital. Those patients
who met the following criteria were included in the present
study: (1) 18–75 years old, (2) diagnosed as having diabetes
who were willing to perform the study and complete the data
collection (they complied with the specifications of instru-
ments, including the MiniMed Paradigm� 722 insulin pump
[Medtronic, Northridge, CA], MiniLink signal transmitter
[Medtronic], and glucose sensor; (3) accepted capillary blood
glucose tests at least four times a day; and (4) in stable con-
dition prior to the study. Those who met the following criteria
were excluded: (1) pregnant or planning to become pregnant;
(2) a history of adhesive tape allergy; (3) skin abnormalities,
like psoriasis, rash, or Staphylococcus aureus infections, that
hindered the sensor-wearing; and (4) patients whose condi-
tions were extremely severe and not stable. This study was
independently approved by the ethics committee of each
participating hospital. All subjects gave and signed written
informed consent before study initiation.

Experimental procedure

All subjects received RT-CGM for three successive days.
The Paradigm 722 insulin pump, subcutaneous glucose sen-
sor, and MiniLink signal transmitter were connected to the
participants for 3 days. The glucose sensor was implanted into
the abdominal subcutaneous tissues of the participants and
connected to the MiniLink signal transmitter to transmit the

RT data to the pump. However, the infusion of the insulin
pump was not enabled. During the period of monitoring,
fingertip blood glucose levels were tested using the One-
Touch� blood glucose meter (LifeScan Inc., a Johnson &
Johnson Company, Milpitas, CA) at least four times daily and
then were inputted into the insulin pump for calibration. The
venous blood of the subjects was randomly collected every
15 min for seven consecutive hours on the day when sub-
jects wore the sensor. It was tested using the YSI� 2300 STAT
PLUS� glucose and lactate analyzer (YSI Life Sciences, Yel-
low Springs, OH). Any adverse events were noted during the
period of blood glucose monitoring.

Data collection

All data from the study were collected using Oracle Remote
Data Capture (Oracle Corp., Redwood, CA). The electronic
data stored in the Paradigm 722 insulin pump were exported
using CareLink software (Medtronic).

Accuracy analysis of sensor

Statistical analysis of the accuracy of the sensor included
primary analysis, secondary analysis, and trend analysis. The
YSI’s plasma glucose level (YSI value) was selected as the ref-
erence blood glucose level, and each YSI value was paired with
the corresponding glucose sensor reading (sensor reading).

Primary analysis indicated the agreement between the
sensor readings and YSI values at a deviation of 20%, which
was calculated using the following formula: Rate of agree-
ment (%) = (number of the paired sensors within – 20%
agreement of the YSI values/total number of the paired sen-
sors) · 100%. The statistical critical value of the agreement at
the deviation of 20% was 59.52%.

Secondary analysis included the following statistical
methods: (1) Error grid analysis. The confidence interval of
Zone A plus Zone B was calculated following the report
published by Clarke et al.12 in 1987. In addition, consensus
error grid analysis and continuous error grid analysis were
used in the current study. (2) Absolute relative difference
(ARD) is the ratio of the absolute difference between the
sensor reading and the YSI value to the YSI value. It was
calculated each day during the study period, and the ARD for
the whole study period was also analyzed. (3) Correlation
analysis, a descriptive parameter, was used to assess the
correlation between the sensor reading and YSI value. (4)
Linear models were used to assess the bias between the sensor
reading and the YSI value. When the slope of the linear curve
was 1 and the intercept was 0, there was no bias between the
sensor reading and YSI value. (5) Bland–Altman analysis. The
Bland–Altman scatter plot based on the mean value of the YSI
value and sensor reading (horizontal coordinate) and the
difference between paired YSI–sensor values (vertical coor-
dinate) was used to assess the relationship between the bias
and blood glucose level.

Trend analysis was used to observe the changes in YSI
value and sensor reading at different initial concentrations of
glucose. The rate of change (ROC) of reference YSI values was
defined as the change of YSI value per unit time (less than
20 min). The ROC of the sensor reading was defined as the
change of sensor reading per unit time (less than 20 min). In
the present study, we investigated the ROC of YSI value and
sensor reading at different initial concentrations of glucose.
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Moreover, we observed the absolute difference of ROC of YSI
value and sensor reading and the frequency of the various
differences.

The sample size selected was based on the primary analysis
of the primary effectiveness endpoint. A sample of approxi-
mately 42 adult subjects provided a total of approximately 392
paired measures for each of the three testing days, making a
total of 1,176 paired measurements. A simulation was per-
formed 1,000 times, and the lower boundary of the intercept of
the null model was tested against the critical value of 0.5952.
The results of the simulation indicated that a sample size of 42
yielded a power of 90% to demonstrate that the overall
agreement rate was not inferior to 0.5952.

Safety analysis

The descriptive statistics were used to describe the security
events. Adverse events were monitored each day. All moderate
to serious adverse events associated with the instruments and
operating instructions were reported to the sponsors via the
electronic case report form. All serious adverse events and non-
expected instrument-related adverse events were also reported
to the sponsors via the electronic case report form. In addition,
the skin of the subjects who used sensors was evaluated.

Statistical analysis

All data were entered in Excel (Microsoft Corp., Redmond,
WA), and all statistical analyses were performed using the
statistical software SAS version 9.2 (SAS Institute, Cary, NC).

Results

In total, 48 patients with diabetes completed the whole
study, including four patients with type 1 diabetes and 44
patients with type 2 diabetes. Females represented 35.4% and
males represented 64.6% of total subjects. The patients’ mean
age was 48.5 – 12.2 years old, and the mean body mass index
was 25.4 – 3.5 kg/m2.

Agreement of the paired value

In total, 1,317 paired YSI–sensor values were collected from
the 48 patients. On Days 1–3, there were 454, 440, and 423
values, respectively. Of the sensor readings, 88.3% (95%
confidence interval 0.84–0.92) were within – 20% of the YSI
values (when the blood glucose level was within the range of
hypoglycemia, the deviation was defined as less than 20 mg/
dL), which reached the goal of preset accuracy. The rates of
agreement were 84.8%, 87.5%, and 92.9%, respectively, on

Days 1–3 (Table 1). When 30% deviation (when the blood
glucose level was within the range of hypoglycemia, the de-
viation was defined as less than 30 mg/dL) was selected as the
standard, the accuracy of the sensor was further improved,
and 95.7% of the sensor readings were within – 30% of the YSI
values. If the range of blood glucose levels was partitioned,
the deviation between the sensor reading and YSI value de-
creased, and the rate of agreement increased with the incre-
ment of the blood glucose level within the deviation of – 20%
or 30%. The highest rate of agreement occurred in the 240–
400 mg/dL range, where 97.3% of sensor readings were
within – 20% of YSI values and 100% of sensor readings were
within – 30% of YSI values.

Clarke error grid analysis

Clarke error grid analysis was conducted in 1,317 paired
values. The scatter plot was created based on the YSI values
(horizontal coordinate) and sensor readings (vertical coordi-
nate), and the Clarke error grid was created. The results
showed that 99.1% of the paired YSI–sensor values fell within
Zones A and B (87.8% within Zone A and 11.3% within
Zone B) (Fig. 1a). The accuracy of the sensor changed with the
range of blood glucose level. When the blood glucose level
was more than 120 mg/dL, more than 89.7% of the paired
values fell within Zone A. Additionally, 23.1% and 82.3% of
the paired values fell within Zone A in the 40–80 mg/dL and
80–120 mg/dL ranges, respectively (Table 2).

Consensus error grid analysis

Consensus error grid analysis showed that 99.9% of the
paired YSI–sensor values fell within Zones A and B (90.9%
within Zone A and 9% within Zone B) (Fig. 1b). The accuracy
of the sensor changed with the range of blood glucose level.
When the blood glucose level was more than 120 mg/dL, over
91.1% of the paired values fell within Zone A. Moreover,
65.4% and 88.7% of the paired values fell within Zone A in the
40–80 mg/dL and 80–120 mg/dL ranges, respectively.

Continuous error grid analysis

The continuous error grid analysis was performed in three
steps: (1) Rate-error grid analysis showed that the ratio of the
YSI–sensor values in Zones A and B was 96.9% (90% in Zone
A and 6.9% in Zone B; Fig. 2a). (2) Point-error grid analysis
showed that ratio of the YSI–sensor values in Zones A and B
was 99% (89% in Zone A and 10% in Zone B; Fig. 2b). (3) The
combined continuous error grid matrix of the rate error grid

Table 1. Agreement of Paired YSI–Sensor Values Within 20% (or 20 mg/dL in the 40–80 mg/dL Range)

by Sensor Day, Real-Time Algorithm, and Percentage

Number in agreement per total readings [% (n/N)]

Reference YSI value range All ranges Day 1 Day 2 Day 3

40–80 mg/dL 50.0 (13/26) 0.0 (0/7) 50.0 (4/8) 81.8 (9/11)
> 80–120 mg/dL 82.3 (219/266) 76.1 (54/71) 86.5 (96/111) 82.1 (69/84)
> 120–240 mg/dL 89.7 (785/875) 86.3 (270/313) 87.9 (246/280) 95.4 (269/282)
> 240–400 mg/dl 97.3 (146/150) 96.8 (61/63) 95.1 (39/41) 100.0 (46/46)

Overall 88.3 (1,163/1,317) 84.8 (385/454) 87.5 (385/440) 92.9 (393/423)

n/N, number of paired values/total paired values.
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analysis and the point error grid analysis showed that ratios of
the YSI–sensor values in zones of accurate reading, benign
errors, and erroneous reading were 96.4%, 1.8%, and 1.8%,
respectively (Fig. 2c).

ARD

The mean ARD for all subjects was 10.4%, and the median
ARD was 7.8%. The mean ARD values were 11.3% (SD,
10.9%), 10.6% (SD, 10.3%), and 9.1% (SD, 8%) on Days 1–3,
respectively. The range of blood glucose levels was stratified,
and a blood glucose level between 40 and 80 mg/dL was
designated as the mean absolute difference (MAD). Blood
glucose levels greater than 80 mg/dL were described as ARD.
The results showed that the deviation between the sensor
readings and YSI glucose values decreased with the increment
of blood glucose level, and the lowest deviation occurred in
the 120–240 mg/dL range.

Correlation analysis

The correlation analysis of sensor readings and YSI values
revealed that there was a significant positive correlation be-
tween them (r = 0.900, P < 0.001).

Bland–Altman analysis

The Bland–Altman scatter plots were created based on the
mean paired YSI–sensor values (horizontal coordinate) and
the difference between the YSI values and sensor readings
(vertical coordinate). The plots revealed that the mean blood
glucose level was 3.84 mg/dL (95% confidence interval
- 38.83 to 46.51 mg/dL). There was no change in the differ-
ence of the paired values at different blood glucose level
ranges (Fig. 3).

Trend analysis

The initial blood glucose levels were stratified into hypo-
glycemia ( < 70 mg/dL), normal blood glucose range (70–
180 mg/dL), and hyperglycemia ( > 180 mg/dL). The trend of
change in the blood glucose level was observed. The trend
analysis of the change of YSI values showed that there were
minor ROCs in the blood glucose level under conditions of
hypoglycemia, hyperglycemia, or normal blood glucose lev-
els. The range of change was concentrated within - 0.5 and
0.5 mg/dL/min. The ROC of sensor readings appeared sim-
ilar to that of YSI glucose values. The difference analysis of the
ROC of sensor readings and YSI values showed that 86.1% of

FIG. 1. (a) Clark Error Grid (CEG) analysis of blood glucose (BG) measurements. Each grid shows the comparison of sensor
values on the y-axis with BG values obtained with reference method on the x-axis. (b) Consensus Error Grid (EG) analysis of
BG measurements. Each grid shows the comparison of sensor values on the y-axis with BG values obtained with reference
method on the x-axis.

Table 2. Clarke Error Grid Analysis of Paired YSI–Sensor Glucose Values

at Different Blood Glucose Levels by Real-Time Algorithm

Reference blood glucose level range (%)

Clarke error grid zone Total range (mg/dL) 40–80 (mg/dL) 80–120 (mg/dl) 120–240 (mg/dL) 240–400 (mg/dL)

A + B 1,305 (99.1%) 15 (57.7%) 266 (100.0%) 875 (100.0%) 149 (99.3%)
A 1,156 (87.8%) 6 (23.1%) 219 (82.3%) 785 (89.7%) 146 (97.3%)
B 149 (11.3%) 9 (34.6%) 47 (17.7%) 90 (10.3%) 3 (2.0%)
C 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
D 12 (0.9%) 11 (42.3%) 0 (0.0%) 0 (0.0%) 1 (0.7%)
E 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Total 1,317 (100.0%) 26 (2.0%) 266 (20.2%) 875 (66.4%) 150 (11.4%)

Percentages represent number of paired values/total paired values.
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the difference of ROC was concentrated within - 1 to 1 mg/
dL/min, and only 1.3% of the absolute difference of the paired
values was more than 3 mg/dL/min (Table 3).

Survival of sensor

In total, 48 sensors completed the consecutive 3-day test.
Only three sensors failed to complete the test because of
failure in adjustment, connection, did not initialize, or other

causes. The survival rate of the sensor was 94.1%. In ad-
dition, the functional data obtained from the sensor re-
vealed that 81.6% of the sensor functioned for 70 successive
hours.

Safety

There were no adverse events related to instruments or op-
erations. However, nine patients experienced skin-associated

FIG. 2. (a) Continuous rate error grid (EG) of paired YSI–sensor values by the REAL-Time algorithm. Each grid shows the
comparison of sensor values on the y-axis with blood glucose (BG) values obtained with reference method on the x-axis. (b)
Continuous EG of paired YSI–sensor values by the REAL-Time algorithm. (c) Continuous EG matrix of paired YSI–sensor
values by the REAL-Time algorithm.
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adverse events. Three subjects had erythema on three occasions
due to sensor implantation. Moreover, erythema was present
on the tape-adhesive areas in a subject once. One subject had a
bruise, two subjects had bleeding on two occasions, and two
patients suffered from itching. However, no phyma, exudation,
or scleroma was found.

Discussion

CGM measures glucose concentration in the subcutaneous
interstitial fluid but not in the plasma; thus the assessment of
its accuracy has been given high priority. Currently, common
procedures of systematic assessment are based on using

FIG. 2. (Continued).

FIG. 3. Bland–Altman scatter plots of paired YSI–sensor glucose values.
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plasma glucose levels as reference by drawing venous blood
frequently (once every 15 min). However, there is little infor-
mation regarding the assessment of the accuracy of RT-CGM
using frequent venous blood collection in the Chinese popu-
lation. Hence, we conducted the current multicenter study to
address the issue. The accuracy of CGM includes both point
accuracy and trend accuracy. Both comprise two aspects:
numerical accuracy and clinical accuracy. It is known that
system error usually emerges if linear regression and corre-
lation analysis are used to assess the accuracy of CGM. When
the aforementioned two methods are used for measuring the
same sample, the possibility of major measurement error be-
tween them cannot be excluded even if a high correlation is
achieved, so the high correlation is inadequate to assure the
alternative application of the two measurement methods in
clinical practice. Therefore, linear regression and correlation
analysis are not suitable for assessing the agreement between
two methods for measuring blood glucose levels.

In the past decade, there were a few studies illustrating
the accuracy of the CGM system by various statistical
methods. Kerssen et al.13 used the Pearson correlation
analysis, MAD, and Clarke error grid analysis and found
that the CGM system was accurate in pregnant women with
type 1 diabetes mellitus. Morrow et al.10 tested an electro-
chemical CGM system in patients undergoing automated
glucose clamp procedure. Djakoure-Platonoff et al.14 used
non-calibration capillary glucose data as reference to dem-
onstrate the accuracy of the CGM system through methods
of correlation coefficient, error grid analysis, and MAD.
Weinstein et al.15 compared the FreeStyle� Navigator (Ab-
bott Diabetes Care, Alameda, CA) CGM system measure-
ments with venous blood glucose values by mean and
median ARDs and Clarke error grid analysis and proved
that the CGM system was consistent and accurate. Zisser
et al.16 compared CGM measurements against YSI values
taken once every 20 min and showed the accuracy of the
DexCom� (San Diego, CA) SEVEN� system. Rabiee et al.17

evaluated the accuracy of the RT-CGM system in an inten-
sive care unit using a study using hyperinsulinemic-
euglycemic and hyperglycemic clamps and found that the
underestimation of hypoglycemia by RT-CGM made it un-
reliable in the intensive care unit setting.

In the present study, the accuracy of CGM was compre-
hensively evaluated using multiple statistical methods, in-
cluding the agreement between the sensor readings and the
YSI values at deviations of 20% and 30%, error grid analysis,
ARD, linear model analysis, Bland–Altman analysis, and
trend analysis.18 The agreement analysis between CGM val-

ues and YSI values, ARD, correlation analysis, and Bland–
Altman analysis reflected point numerical accuracy, Clarke
and consensus error grid analyses reflected point clinical ac-
curacy, trend analysis reflected trend numerical accuracy, and
continuous error grid analysis reflected trend clinical accu-
racy. Agreement analysis was the major method that was
used. Our findings showed that 88.3% of the sensor readings
were within – 20% of the YSI values, and 95.7% were with-
in – 30% of the YSI values. This suggested that a high rate of
agreement was achieved between the sensor readings and
reference blood glucose values. Mastrototaro et al.19 investi-
gated the accuracy and efficacy of an RT-CGM sensor in 72
subjects with type 1 diabetes and found that the overall per-
centages of sensor readings were 75.6% and 86.8%, respec-
tively, within – 20% and – 30% agreement of the reference
glucose readings. In addition, the rate of agreement between
sensor readings and YSI values increased with time. Similar
results were observed in ARD, which was thought to be due
to the increased adjustment times, leading to the enhanced
accuracy of sensor readings.20

Clinical accuracy is defined as clinical decision-making
based on the obtained results. If a high rate of agreement is
achieved between two detecting techniques, an accurate
clinical decision can be made. Otherwise, a wrong medical
decision may result. The Clarke error grid, an analysis pro-
posed by Clarke et al.12 in 1987, is usually used to assess
clinical precision. This analysis is an effective approach that
combines the precision of glucose measurement with clinical
results. It breaks down a scatterplot of a reference glucose
meter and an evaluated glucose meter into five zones. Zone A
values are within 20% of the reference sensor; Zone B contains
points that are outside of 20% but would not lead to inap-
propriate treatment. Our findings showed that 99.1% of the
paired YSI–sensor values fell within Zones A and B of the
Clarke error grid, exceeding the critical value of accuracy that
met the clinical requirements. Similar results were achieved
using consensus error grid analysis.21

In the current study, we also used continuous error grid
analysis, which is an improved error grid analysis used to
assess the accuracy of the sensor readings. Continuous error
grid analysis is a method that combines the blood glucose
levels at different time points with the ROC of the blood
glucose level.22 Results from continuous error grid analysis
showed that 99% of the sensor readings reached the clinical
critical value of accuracy, and the trend of change of 96.9% of
the sensor readings reached the clinical critical value of ac-
curacy. The ratios of the YSI–sensor values in regions of ac-
curate reading, benign errors, and erroneous readings were

Table 3. Difference Analysis of YSI Glucose Values and Rate of Change of Sensor Glucose Readings

Relative deviation Absolute value of relative deviation

Group (mg/dL/min) Number % Group (mg/dL/min) Number %

< - 3 10 0.8 — — —
- 3 to < - 2 16 1.3 — — —
- 2 to < - 1 57 4.5 — — —
- 1 to £ 1 1,093 86.1 (0, 1) 1,093 86.1
1 to £ 2 67 5.3 (1, 2) 124 9.8
2 to £ 3 19 1.5 (2, 3) 35 2.8
> 3 7 0.6 > 3 17 1.3
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96.4%, 1.8%, and 1.8%, respectively. The mean ARD was
10.4%, and the median ARD was 7.8%. These values are in
accordance with the previous study.9 In addition, consensus
error grid analysis was used to assess the clinical precision of
the paired YSI–sensor values during hypoglycemia (40–
80 mg/dL). The results showed that of the 26 paired data,
96.2% fell within Zones A and B of the error grid, which in-
dicated high clinical precision. However, it is noted that the
agreement between the YSI values and sensor readings indi-
cated that only 50% of the sensor readings were within – 20%
agreement of the YSI values during hypoglycemia. It is
thought that there are more than 90% of patients with type 2
diabetes, in whom a lower incidence of hypoglycemia occurs
compared with those with type 1 diabetes, thus leading to
possible deviation when minor sample size is observed. It is
suggested that the fingertip blood glucose test, in combination
with error grid analysis, should be conducted for the diag-
nosis of hypoglycemia.

The present study also assessed the agreement of the trend
of change between the sensor readings and the reference
values during hypoglycemia, normal glucose levels, and hy-
perglycemia. The results revealed a high rate of agreement
between the sensor readings and reference values. Trend
analysis indicated that 86.1% of the difference of the ROCs
occurred in the range of 1 mg/dL/min, which suggested that
the RT-CGM system would reflect the changes of blood glu-
cose levels very well.

The multiple statistical methods used in this study showed
that the Paradigm insulin pump was both numerically and
clinically accurate. However, the performance in detecting
hypoglycemia remains to be further explored. Therefore, we
suggest that the Paradigm insulin pump is a useful tool in the
management of diabetes. For example, it can provide much
more glycemic information, including magnitude, duration,
and frequency of blood glucose levels, so as to provide evi-
dence for optimal treatment decisions. It has alert and fore-
casting functions that help to instantly regulate blood glucose
levels.

A few limitations of this study should be recognized. First,
the number of type 1 diabetes patients included in the study
was relatively small. Second, at the beginning of the study,
we did not set specific limitation on patients’ diabetes du-
ration, therapeutic regimen, and level of hemoglobin A1c
as enrollment requirements. It will be very interesting to
confirm our result in patients with different diabetes dura-
tions, therapeutic regimens, and initial hemoglobin A1c in
the future.

In conclusion, the Paradigm insulin pump displays high
accuracy in both monitoring RT continuous changes and
predicting the trend of changes in blood glucose level.
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