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Letter to the Editor

Continuous glucose monitoring (CGM) devices detect more 
hypo- and hyperglycemic events compared to self-monitor-
ing of blood glucose (SMBG)1 and are emerging as the stan-
dard of care for type 1 diabetes (T1D).2 CGM devices are 
also shown to detect activity-related dysglycemia in youth 
with T1D.3 However, the physiologic lag in equilibrium 
between CGM and SMBG of 5-15 minutes may cause a 
clinically important discrepancy during exercise.4,5 It 
remains unclear whether CGM use during exercise suffices 
for glucose-management decisions. The data presented here 
examined the concurrent use of two real-time CGM 
(rtCGM), and one flash glucose monitor (FGM) compared 
with SMBG during aerobic exercise to determine how these 
devices could be used effectively to guide carbohydrate 
intake to avoid hypoglycemia.

A male subject with T1D (age 40 years; diabetes dura-
tion 25 years; HbA

1c
 6.5%) was studied after informed 

consent was obtained. He wore a hybrid closed loop 
(HCL) insulin delivery system (Medtronic 670G, 
Minneapolis, MN; rtCGM1), Dexcom G5® CGM (San 
Diego, CA; rtCGM2) and Abbott FreeStyle Libre 
(Chicago, IL; FGM). The FGM and rtCGM devices were 
inserted 24-48 hours pre-exercise. SMBG was performed 
using a Contour® Next Link glucose meter (Ascensia 
Diabetes Care, Parsippany, NJ, USA) according to manu-
facturer recommendations. The HCL system was placed in 
“exercise-target” mode 1 hour before, disconnected dur-
ing, and reconnected immediately after exercise. Pre-
exercise meals were consumed >4 hours before activity. 
The exercise consisted of 1 hour of moderate-intensity 
running for 13 sessions over two months. Carbohydrate 
gels were consumed to avoid hypoglycemia during exer-
cise based on the subject’s experiences.

At exercise onset, glucose levels were higher with FGM 
(237 ± 45 mg/dL) versus rtCGM1 (198 ± 34 mg/dL), 
rtCGM2 (206 ± 35 mg/dL), and SMBG (215 ± 33 mg/dL) 
(all P < .05; Figure 1). SMBG values dropped rapidly during 

exercise from 215 ± 33 to 104 ± 23 mg/dL (P = .0001), 
despite significant carbohydrate intake (60 ± 24 g/session). 
SMBG measured lower than the other devices (P < .0001), 
while FGM showed a transient rise in glucose levels (P < 
.05). The mean absolute relative difference (MARD) was 
lower before exercise in rtCGM2 (6 ± 6%) versus rtCGM1 
(9 ± 5%) and versus FGM (11 ± 8%) (P = .02). During 
exercise, the MARD increased across all devices (rtCGM1, 
29 ± 24%; rtCGM2, 31 ± 21%) and was highest for FGM 
(44 ± 24%, P < .001).

This case study demonstrates that while rtCGM and FGM 
may correlate well with SMBG during periods of relative 
glucose stability, a clinically important lag effect is observed 
during aerobic exercise when glucose levels are rapidly 
declining. It is notable that SMBG levels dropped markedly 
during exercise despite using a HCL system set in “exercise-
target” mode 1 hour pre-exercise, further highlighting the 
challenge that exercise places on developing HCL systems.6 
Overall, we found that the absolute difference in glucose lev-
els between SMBG and rtCGM or FGM were greatest during 
the first 30 minutes of exercise, when SMBG had the largest 
decline. Interestingly, FGM overestimated glucose levels 
markedly throughout exercise and frequently reported a tran-
sient rise after exercise onset. Because of the observed over-
estimation in glucose levels during exercise, we recommend 
initiating carbohydrate feeding sooner (when glucose is 
<200 mg/dL and dropping) when relying on these devices, 
particularly with FGM.
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Figure 1. Absolute glucose concentrations for all devices (rtCGM1, rtCGM2, FGM, and SMBG) across 13 exercise sessions. * indicates 
that FGM is significantly higher than all other device (rtCGM1, rtCGM2, and SMBG) at P < .05. α indicates that SMBG values are 
significantly lower than both rtCGM1 and rtCGM2 at P < .05. # indicates that SMBG remained significantly lower than FGM values from 
the start to the end of exercise at P < .05. Data represents mean ± SD.
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