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Abstract

Acetaminophen (APAP) can cause erroneously high readings in real-time continuous glucose monitoring (rtCGM) systems.
APAP-associated bias in an investigational rtCGM system (G6) was evaluated by taking the difference in glucose measurements
between rtCGM and YSI from | hour before to 6 hours after a |-g oral APAP dose in 66 subjects with type | or type 2
diabetes. The interference effect was defined as the average post-dose (30-90 minutes) bias minus the average baseline bias
for each subject. The clinically meaningful interference effect was defined as 10 mg/dL. The G6 system’s overall mean (£SD)
interference effect was 3.1 + 4.8 mg/dL (one-sided upper 95% Cl = 4.1 mg/dL), significantly lower than 10 mg/dL. The G6
system’s resistance to APAP interference should provide reassurance to those using the drug.
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Acetaminophen (APAP) is a commonly used analgesic and
antipyretic agent. Its phenolic moiety is easily oxidized and
can interfere with electrochemical sensors used for real-time
continuous glucose monitoring (rtCGM)." The additional
signal can result in erroneously high rtCGM readings.”®
Patients are routinely advised against basing diabetes man-
agement decisions on rtCGM data in the hours following a
dose of APAP.> Consequently, tCGM systems that provide
accurate readings during APAP use are of considerable inter-
est. A novel permselective membrane coating for an investi-
gational rtCGM system (G6, Dexcom, Inc, San Diego, CA)
was designed to minimize or prevent the spurious (interfer-
ence) signal generated by APAP. This study evaluated the
average interference effect (additional bias) from a maxi-
mum recommended dose of acetaminophen on the G6 rtC-
GM’s displayed glucose value when compared to a reference
glucose concentration measurement; the primary objective
was to demonstrate that the overall mean interference effect
was less than 10 mg/dL.

Methods

This  prospective, multicenter, single-arm  study
(ClinicalTrials.gov identifier: NCT03087877) enrolled 70
subjects with diabetes at four investigational sites (14-19
subjects per site) in the United States between January and
March 2017. The study was conducted under an abbreviated
IDE 21 CFR 812.2(b) and was reviewed and approved by

central IRBs. Major eligibility criteria for this analysis
included age 18 years or older, diagnosis of type 1 (T1D) or
type 2 diabetes (T2D), and ability to refrain from APAP use
for 24 hours prior to sensor insertion and for the duration of
the study. Major exclusion criteria were significant allergy to
medical-grade adhesives, pregnancy, gastroparesis, hemato-
crit outside normal range, abnormal liver function tests, and
known contraindication to taking the recommended oral
dose of APAP (e.g., cirrhosis, chronic heavy ethanol use,
breast feeding).

Sensor insertions were performed at the clinic by clinical
staff. Sensors were placed on the abdomen and subjects were
asked to use the study-assigned blood glucose meter (Bayer
Contour Next EZ blood glucose meter; 510(k) K111268) for
system calibrations, and for self-management decisions. On
day 4 or day 5 of sensor wear, subjects returned in a fasting
state to attend one, in-clinic session lasting 8 hours. An oral,
1-gram dose of APAP (the maximum recommended one-
time dose) was administered during the clinic session.
Venous blood samples were drawn and plasma glucose con-
centrations measured with the YSI reference instrument
(YSI, Inc, Yellow Springs, OH) over a 7-hour period.
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Measurements were made at 10 = 5-minute intervals for 1
hour pre-dose to 2 hours post-dose, then at 15 + 5-minute
intervals for remainder of the clinic session. A heating pad
was applied around the IV site to “arterialize” the venous
sample, allowing for a closer match between venous and
capillary glucose concentrations.>* Capillary BG testing was
also performed at every 30 £ 5-minute intervals using the
study-assigned blood glucose meter. No glucose manipula-
tions were performed.

Serum APAP concentrations were determined at two time
points: 1 hour prior to APAP dosing, to verify that patients
had refrained from APAP dosing prior to the study; and 1
hour after APAP dosing, to examine the APAP concentration
relative to the tCGM bias within the expected peak absorp-
tion time.

This study’s primary objective was to determine if the
G6 interference effect was less than a clinically relevant
threshold (defined as 10 mg/dL) after APAP ingestion. G6
sensor readings temporally matched with YSI values
formed the analysis dataset. The interference effect was
defined as the average bias 30 minutes to 90 minutes after
APAP intake minus the average bias at baseline for each
subject. For example, if a subject’s average baseline bias (0
to 60 min before APAP intake) was 1 mg/dL and increased
to 3 mg/dL between 30 to 90 minutes after APAP intake,
then the interference effect for that subject is 2 mg/dL. The
hypothesis was that the mean interference effect was less
than the clinically meaningful threshold, defined for this
study as 10 mg/dL. A one-sample #-test was used to test this
hypothesis at a one-sided significance level of 5%. Among
the study’s secondary objectives was the maximum inter-
ference effect of the G6 sensor worn by each subject. The
maximum bias post-dose (BPD,,,,) was calculated as the
average of the three glucose values including and adjacent
to the most biased value ( G6,,,,) minus the matched YSI
value (YSI

tmax
tmax)'
BPD,. = G6(lnay )= YSI (£ )-

The maximum interference effect was defined as the maxi-
mum post-dose (30-90 minutes) bias (BPD,,,,) minus the
average baseline bias for each subject. In a feasibility study,
we found this method reduced the variability of the estimated
bias over a single glucose measurement. Additional second-
ary endpoints included the mean interference effect of patient
subgroups stratified by site, gender, BMI, and age; the mean
bias of the study-assigned blood glucose meter; and the mean
absolute relative difference (MARD) of the G6 system before
and after APAP intake.

Results

Seventy subjects enrolled in the study; among these 70
subjects, 70% had T1D and 30% had T2D; 51% were

female; the mean + SD BMI was 28.7 + 6.6 kg/m’; the
mean + SD HbAlc was 7.5 £ 1.2%. Data from 4 subjects
were excluded because of sensor failures or accidental
sensor restarts; data from 66 (94.3%) subjects were avail-
able for analysis.

The mean interference effect of the G6 system was 3.1 +
4.8 mg/dL (Table 1) and the one-sided upper 95% CI was
4.1 mg/dL, which was significantly lower than the perfor-
mance goal of 10 mg/dL (P < 0.001). The mean interference
effect over time is shown in Figure la. The mean bias was
5.9 mg/dL at baseline and increased to 9.1 mg/dL during 30
minutes to 90 minutes after APAP intake. The mean interfer-
ence effect versus the APAP concentration at 1 hour is given in
Figure 1b. The mean interference effect was similar for sub-
jects with high (10-26 mg/L) venous APAP concentration at 1
hour compared to those with low (<10 mg/L) venous APAP
concentration (3.9 vs 1.6 mg/dL, respectively; Table 1).
Subgroup analysis of patients stratified by site, gender, BMI,
and age demonstrated that mean interference effect was below
the performance goal of 10 mg/dL for each defined patient
subgroup (Table 1). The maximum interference effect was
also assessed for each subject; the overall mean maximum
interference effect was 7.7 mg/dL (one-sided upper 95% CI
was 8.8 mg/dL)—still lower than the performance goal.

The accuracy of the G6 rtCGM system assessed in refer-
ence to YSI values is given in Table 2. The mean absolute
relative difference (MARD) was 6.7% pre-APAP dose and
8.0% post-dose. Similarly, the %20/20 accuracy remained
stable after APAP intake (96.4% pre-dose vs 95.9%
post-dose).

The accuracy of the study-assigned glucose meter
devices was assessed in reference to temporally matched
YSI values. The meters had a mean bias of 3.6 mg/dL at
baseline, which increased to 4.6 mg/dL during 30 minutes
to 90 minutes after APAP intake. However, the MARD
remained stable following APAP intake (4.6% pre-dose vs
4.8% post-dose).

Discussion/Conclusions

Real-time and intermittently scanned CGM systems that
rely on electrochemical sensors, such as the Dexcom G4,
Dexcom G5, MiniMed Sof-Sensor, Medtronic Enlite, and
Abbott FreeStyle Libre, can be subject to varying degrees
of interference from several medications and nondrug com-
pounds, including acetaminophen, salicylates, and ascorbic
acid.”” Because of the known interference effect of APAP,
instructions for use and training materials highlight that
users should not rely on rtCGM data when they have
recently taken APAP.>® However, there remains a need for
rtCGM systems that are resistant to APAP interference for
people using rtCGM data nonadjunctively or for those
using rtCGM data to govern insulin pump behavior in
closed-loop systems.
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Table I. Interference Effect Overall, by APAP Concentration and by Subject Characteristics.
Mean interference Median interference Interference effect

Group # of subjects effect (mg/dL) + SD effect (mg/dL) (mg/dL), min, max
Overall 66 3.1 £48 2.6 -10.4,17.3
APAP concentration at | hour post-dose

<10 mg/L 22 1.6 £4.9 2.1 -10.4, 10.1

10-26 mg/L 44 39+46 3.0 -6.2,17.3
YSI glucose at | hour post-dose®

<100 mg/dL 14 24 +46 2.2 -8.1,12.0

100-150 mg/dL 29 26+42 2.4 -104,7.7

>150 mg/dL 17 49+6.0 3.1 -6.2,17.3
Site number

| I5 1.0+3.0 0.6 -48,49

2 14 46+38 5.0 -4.0, 12.0

3 19 1.9+£55 2.0 -10.4, 10.1

4 18 5150 34 -0.7,17.3
Gender

Female 33 45+45 44 -48,17.3

Male 33 1.7 £47 2.1 -10.4, 14.3
BMI category®

Normal 23 40+43 2.7 -3.7,173

Overweight 19 29+48 23 -8.1, 143

Obese class | 12 1.7+48 1.6 -6.2, 10.1

Obese class 2 I 3957 5.0 -104, 12.0
Age

18-64 years 56 28+5.0 24 -104,17.3

265 years 10 47 +£32 4.8 1.0, 10.1

*Six subjects did not have a YSI measurement at 60 minutes after APAP intake.

®One subject had missing BMI.

The design of the current study was based on pilot in vivo
studies of APAP pharmacokinetics and the dynamics of its
interference with APAP-sensitive rtCGM systems. This
study’s primary objective (overall mean interference effect
of <10 mg/dL) was established based on the perceived mini-
mal clinical risk of a 10 mg/dL positive bias in rtCGM read-
ings and the expected variability of readings from rtCGM
systems during normal day-to-day use (i.e., in the absence
of APAP). The study’s objective was met in that the observed
mean interference effect was 3.1 £ 4.8 mg/dL, which was
statistically significantly lower than the performance goal of
10 mg/dL (one-sided upper 95% CI of 4.1 mg/dL). This
small interference effect would have a negligible effect on
bolus insulin administered. Even when the maximum inter-
ference effect for each subject was evaluated, the mean
maximum interference effect was 7.7 mg/dL (one-sided
upper 95% CI was 8.8 mg/dL)—less than the performance
goal.

While there was a modest bias in the G6 throughout the
study, even at baseline, the mean bias for the meters used

to calibrate the G6 sensors at baseline was 3.6 mg/dL;
biased SMBG calibrations may partially explain the slight
bias in the rtCGM values. Blood glucose values entered
for calibration are evaluated and weighted as part of a
rolling average and used by a proprietary algorithm to
determine the glucose value sent to the display device.
Therefore, bias in meter readings can translate to bias in
1tCGM data.®

The study evaluated the effects of a single 1-g APAP
dose, which represents the maximum recommended adult
dose for any 6-hour period. The drug reaches peak blood
concentration within 90 minutes of ingestion and has a
half-life of 1.5-2.5 hours in adults.”'® Because the temporal
profile of interference with susceptible rtCGM systems fol-
lows the temporal profile of ISF and plasma APAP concen-
trations,’ study of higher or repeated doses was deemed
unnecessary.

The novel G6 rtCGM system and its resistance to APAP
interference described here should alleviate accuracy con-
cerns for those using the drug.
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Figure 1. The APAP interference effect on the G6 system.

(a) Mean interference effect over time of the Gé system.
Performance goal was a mean interference effect (average
post-dose bias minus average baseline bias) of 10 mg/dL. (b) Per
subject interference effect by APAP concentration at | hour post-
dose with 95% limits of agreement (dotted lines).

Table 2. Accuracy of the G6 System in Reference to YSI Values
in the Hour Before and Hour After APAP Dosing.

Pre-APAP intake Post-APAP intake

No. of pairs 446 389
Mean bias (mg/dL) 6.0 8.7
Mean AD (mg/dL) 9.5 10.9
Mean RD (%) 43 6.6
MARD (%) 6.7 8.0
I5/15 (%) 91.0 86.6
20/20 (%) 96.4 95.9
30/30 (%) 99.8 100
40/40 (%) 100 100

Abbreviations

AD, absolute difference; APAP, acetaminophen; CGM, continuous
glucose monitoring; MARD, mean absolute relative difference;
RD, relative difference; rtCGM, real-time continuous glucose mon-
itoring; SMBG, self-monitored blood glucose; T1D, type 1 diabe-
tes; T2D, type 2 diabetes.

Acknowledgments

The authors are grateful to the investigators at the clinical sites—
Drs. K. Castorino, T. Bailey, L. J. Klaff, and M. Christiansen—for
contributing to data collection. The authors thank the participants
for their involvement in the study.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest with
respect to the research, authorship, and/or publication of this article:
PC, TKIJ, JH, DP, and AKB are full-time employees of Dexcom, Inc.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was funded by Dexcom, Inc.

References

1. Zhang Y, Hu Y, Wilson GS, Moatti-Sirat D, Poitout V, Reach
G. Elimination of the acetaminophen interference in an implant-
able glucose sensor. Anal Chem. 1994;66(7):1183-1188.

2. Basu A, Slama MQ, Nicholson WT, et al. Continuous glucose
monitor interference with commonly prescribed medications: a
pilot study. J Diabetes Sci Technol. 2017;11(5):936-941.

3. Basu A, Veettil S, Dyer R, Peyser T, Basu R. Direct evidence
of acetaminophen interference with subcutaneous glucose
sensing in humans: a pilot study. Diabetes Technol Ther.
2016;18(suppl 2):5243-S247.

4. Maahs DM, DeSalvo D, Pyle L, et al. Effect of acetamino-
phen on CGM glucose in an outpatient setting. Diabetes Care.
2015;38(10):e158-e159.

5. Dexcom. Dexcom G5 mobile continuous glucose monitor-
ing system user guide. San Diego, CA: Dexcom, Inc; 2016.
Available at: https:/s3-us-west-2.amazonaws.com/dexcompd{/
LBL013990-REV003-G5-Mobile-User-Guide-NA-Android-US.
pdf (accessed January 3, 2018).

6. Medtronic. MiniMed 670G system user guide. Northridge,
CA: Medtronic Minimed; 2016. Available at: https://www.
medtronicdiabetes.com/sites/default/files/library/download-
library/user-guides/MiniMed%20670G%20System%20
User%20Guide.pdf (accessed December 13, 2017).

7. Abbott. FreeStyle Libre Flash glucose monitoring system:
User’s manual. Alameda, CA: Abbott Diabetes Care Inc; 2017.
Available at: https://www.accessdata.fda.gov/cdrh_docs/pdf15/
P150021C.pdf (accessed December 13, 2017).

8. Dexcom. Dexcom G5 mobile system continuous glucose
monitor for non-adjunctive use in the treatment of diabetes
mellitus: Executive summary for the clinical chemistry and
clinical toxicology devices panel meeting. U.S. Food & Drug
Administration; 2016. Available at: https://www.fda.gov/down-
loads/AdvisoryCommittees/CommitteesMeetingMaterials/
MedicalDevices/MedicalDevicesAdvisoryCommittee/
ClinicalChemistryandClinical ToxicologyDevicesPanel/
UCMS511811.pdf (accessed January 3, 2018).

9. Hodgman MJ, Garrard AR. A review of acetaminophen poi-
soning. Crit Care Clin. 2012;28(4):499-516.

10. Critchley JA, Critchley LA, Anderson PJ, Tomlinson B. Differences
in the single-oral-dose pharmacokinetics and urinary excretion of
paracetamol and its conjugates between Hong Kong Chinese and
Caucasian subjects. J Clin Pharm Ther. 2005;30(2):179-184.


https://s3-us-west-2.amazonaws.com/dexcompdf/LBL013990-REV003-G5-Mobile-User-Guide-NA-Android-US.pdf
https://s3-us-west-2.amazonaws.com/dexcompdf/LBL013990-REV003-G5-Mobile-User-Guide-NA-Android-US.pdf
https://s3-us-west-2.amazonaws.com/dexcompdf/LBL013990-REV003-G5-Mobile-User-Guide-NA-Android-US.pdf
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/MiniMed%20670G%20System%20User%20Guide.pdf
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/MiniMed%20670G%20System%20User%20Guide.pdf
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/MiniMed%20670G%20System%20User%20Guide.pdf
https://www.medtronicdiabetes.com/sites/default/files/library/download-library/user-guides/MiniMed%20670G%20System%20User%20Guide.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf15/P150021C.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf15/P150021C.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/ClinicalChemistryandClinicalToxicologyDevicesPanel/UCM511811.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/ClinicalChemistryandClinicalToxicologyDevicesPanel/UCM511811.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/ClinicalChemistryandClinicalToxicologyDevicesPanel/UCM511811.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/ClinicalChemistryandClinicalToxicologyDevicesPanel/UCM511811.pdf
https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/ClinicalChemistryandClinicalToxicologyDevicesPanel/UCM511811.pdf

