
ORIGINAL ARTICLE

The Effects of Basal Insulin Suspension at the Start of
Exercise on Blood Glucose Levels During Continuous
Versus Circuit-Based Exercise in Individuals with Type 1
Diabetes on Continuous Subcutaneous Insulin Infusion

Dessi Zaharieva, MSc,1 Loren Yavelberg, MSc,1 Veronica Jamnik, PhD,1 Ali Cinar, PhD,2,3

Kamuran Turksoy, PhD,2 and Michael C. Riddell, PhD1,4

Abstract

Background: Exercise causes glycemic disturbances in individuals with type 1 diabetes (T1D). Continuous
moderate-intensity aerobic exercise (CON) generally lowers blood glucose (BG) levels and often leads to
hypoglycemia. In comparison, circuit-based exercise (CIRC) may attenuate the drop in BG. The goal of this
study is to contrast the effects of basal insulin suspension at the onset of two different forms of exercise (CON
vs. CIRC).
Methods: Twelve individuals (six men and six women) with T1D on insulin pump therapy were recruited for
the study. All participants completed a maximal aerobic fitness test and two 40-min exercise sessions, con-
sisting of either continuous treadmill walking or a circuit workout. Basal insulin infusion was stopped at the
onset of exercise and resumed in recovery. After providing an initial reference value, volunteers were blinded to
their [BG] and were asked to estimate their levels during exercise.
Results: Oxygen consumption (47.5 – 7.5 vs. 54.5 – 13.5 mL$kg-1$min-1, P = 0.03) and heart rate (122 – 20 vs.
144 – 20 bpm, P = 0.003) were lower in CON vs. CIRC. Despite the lower workload, BG levels dropped more
with CON vs. CIRC (delta BG = -3.8 – 1.5 vs. -0.5 – 3.0 mmol/L for CON vs. CIRC, respectively, P = 0.001).
Participants were able to estimate their BG more accurately during CON (r = 0.83) vs. CIRC (r = 0.33) based on
a regression analysis.
Conclusion: Despite a lower intensity of exercise, with full basal insulin suspension at the start of exercise,
CON results in a larger drop in BG vs. CIRC. These findings have implications for single hormone-based
artificial pancreas development for exercise. While this study does not negate the importance of frequent
capillary BG monitoring during exercise, it does suggest that if persons are knowledgeable about their pre-
exercise BG levels, they can accurately perceive the changes in BG during CON, but not during CIRC.
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Introduction

Regular physical activity (PA) is recommended for
improving insulin sensitivity, blood lipid profiles and for

reducing the risk of cardiovascular disease for individuals
with type 1 diabetes (T1D).1 Exercise can increase the like-

lihood of hypoglycemia and may also lead to challenges in
maintaining blood glucose (BG) control overall.2 Without
insulin dose adjustments or carbohydrate intake, continuous
moderate-intensity aerobic exercise (CON) typically leads
to large reductions in [BG] concentrations,3 whereas inter-
mittent high intensity circuit-based exercise (CIRC) either
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attenuates the decrease, or may even cause a small rise in
[BG] levels.4,5 While both CON and CIRC can lead to spe-
cific training adaptations, individuals with T1D now rou-
tinely perform CIRC for a variety of reasons, including
enhanced fitness without promoting hypoglycemia.4,6

Tsalikian et al.7 demonstrated that the risk of developing
exercise-associated hypoglycemia could be effectively re-
duced with the suspension of insulin infusion (i.e., pump
suspend) in children on continuous subcutaneous insulin in-
fusion (CSII) therapy. In contrast, Admon et al.8 found that
pump suspension did not attenuate the drop in glycemia
compared to leaving the pump on with a reduced basal rate
(i.e., 50%). In a more recent study, McAuley et al.9 reported
that a basal rate reduction of 50% performed 60-min before
the start of exercise failed to cause a significant reduction in
circulating insulin levels during exercise compared to base-
line. In all of these studies, only one type of exercise was
performed (i.e., CON).

The primary purpose of this study was to examine the
effects of basal insulin suspension at the onset of two dif-
ferent forms of prolonged exercise (i.e., CON vs. CIRC). The
secondary purpose was to assess the accuracy of [BG] esti-
mations when participants were provided with their measured
[BG] value 10-min before the onset of exercise. Our hy-
pothesis was that suspending basal insulin at the onset of
CON would lead to a greater drop in glycemia compared to
CIRC because of the higher reliance on anaerobic metabo-
lism in the latter activity. We also hypothesized that partic-
ipants could accurately estimate their BG concentrations
during both forms of exercise.

Methods

Study participants

The experimental protocol conformed to the standards set by
the Declaration of Helsinki and was approved by the Research
Ethics Board at York University. The study was registered at
clinicaltrials.gov in 2017 (identifier: NCT03034798). Twelve
participants with T1D were recruited for the study. All of the
participants engaged in regular PA, including structured exer-
cise and reported monitoring BG levels regularly with capillary
testing and a handheld glucose meter (4+ times per day). The
inclusion criteria included the following: T1D for >1 year; on
CSII for at least 3 months; at least in fair glycemic control (last
HbA1c £9.0% or 75 mmol/mol). Exclusion criteria included the
following: frequent and unpredictable hypoglycemia; unable to
exercise on a regular basis due to an injury; having conditions
that may make exercise unsafe (i.e., high blood pressure, late
pregnancy, etc.).

Experimental design

Participants completed a total of three exercise visits at the
Human Performance Laboratory at York University. The first
visit was for the determination of maximal aerobic capacity
(VO2max) followed by two prolonged exercise visits con-
sisting of either CON or CIRC, performed in random order.
Participants were asked to avoid alcohol and caffeine con-
sumption and refrain from all forms of exercise >3 metabolic
equivalents for 24 h before each visit. To accommodate
participant scheduling, the experimental visits (CON and
CIRC) were conducted either in the late morning (*1100 h,

n = 6) or in the late afternoon (*1600 h, n = 6). For each
participant, the timing of both CON and CIRC visits were
standardized to try and control for as many variables as
possible (pre-exercise meal, time of day, and circulating in-
sulin levels). Participants were asked to consume the same
meal of their choice, at least 4 h before coming to the labo-
ratory, and take their regular insulin bolus for the meal before
the exercise start time. Participants were asked to refrain from
food or drink following their last meal before the exercise
session, unless hypoglycemia developed ([BG] <3.9 mmol/
L). There were no reported incidents of hypoglycemia pre-
exercise for CON and CIRC conditions and it was confirmed
by examining the participants pump history that no additional
insulin bolus was given after the last meal. This protocol
ensured that participants arrived at the laboratory with little
or no ‘‘on-board’’ or active bolus insulin based on the phar-
macokinetics of their rapid acting insulin analog.10 Basal
insulin was kept to the usual rate until the exercise start time.

Fitness assessment (visit 1)

During the initial visit, anthropometric measurements
(height, body mass, and body fat percentage) were com-
pleted. Participants were screened for any cardiovascular
complications using the Physical Activity Readiness Ques-
tionnaire for Everyone (PAR-Q+).11 VO2max and peak heart
rate (HR) were measured using an incremental-to-maximum
effort treadmill protocol. Participants also completed a su-
pramaximal workload with increasing incline to confirm the
attainment of VO2max following a 2-min break.12 After the
exercise, an enhanced Enlite� sensor with iPro2 continuous
glucose monitor (CGM) (retrospective, non real-time analy-
sis) was placed on the abdomen using an Enlite Serter
according to the manufacturer’s instructions (Medtronic
MiniMed�, Northridge, CA). Participants wore the CGM for
one week and were instructed to use the glucose meter pro-
vided (Contour� Next Link, Ascensia Diabetes Care, ON,
Canada) for self-monitoring of [BG] (SMBG) throughout the
study. Following an initial calibration 1-h after sensor in-
sertion, participants were advised to calibrate four times daily
with no more than 12-h in between each calibration. The
timing of the CGM placement was at least 24 h before ex-
ercise visits 2 and 3. If visit 3 was scheduled more than one
week after the VO2max test, a new CGM was inserted at least
24 h before the exercise visit.

Exercise sessions (visits 2 and 3)

Participants completed either 40-min of CON or CIRC in
a randomized and counterbalanced design, with each visit
separated by at least two days. Figure 1 represents a time-
line and study design for both CON and CIRC visits. The
CON visit consisted of treadmill walking/light jogging at
40%–50% of the participant’s predetermined VO2max,
while the CIRC visit included treadmill walking (4 min);
marching on the spot with dumbbells (45 s); squats with
front sweep (60 s); four jumping jacks; quadruped (30 s);
two jumping jacks; four push-ups; prone forearm planks
(20 s); marching on the spot with dumbbells (30 s);
weighted ball lifts (60 s); four push-ups; prone forearm
plank (20 s), and cycling at a moderate workload (4 min).
This CIRC was performed three times (*13 min each
time), lasting a total of 40 min (any time lost or gained by
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the participant doing the CIRC was made up for by varying
the duration of cycling at the end of each CIRC.

For both CON and CIRC, basal insulin delivery was
stopped at the onset of both exercise modalities (using the
‘‘suspend insulin’’ feature) and resumed to the usual rate
immediately postexercise, as is the customary approach by
many patients who exercise regularly. Capillary [BG] and
lactate measurements were determined approximately every
10-min throughout exercise using a handheld glucose meter
(Contour� Next Link; Ascensia Diabetes Care) and lactate
analyzer (Scout+; EKF Diagnostics, Cardiff, UK), respec-
tively. Participants were told their measured [BG] value 10-
min before the onset of exercise in both CON and CIRC
visits and then they were blinded to their measured glucose
meter values until 20 min into recovery. Participants were
asked to estimate their [BG] concentration at each measured
glucose time point (i.e., every 10-min). The discrepancy
between estimated and measured [BG] concentrations was
assessed according to Clarke Error Grid analyses13 (using
measured and perceived BG levels) and a modified Bland
Altman plot14 ([measured BG – estimated BG]/measured
BG). If a participant developed hypoglycemia (whole BG of
<3.9 mmol/L), they were instructed to stop exercising (if it
was during exercise) and 16 g of oral dextrose (Dex4�;
AMG, QC, Canada) was provided.

Statistics

The [BG] measurements between CON and CIRC, as
measured by the handheld glucose meter, were compared
using two-way (time by trial) repeated measures analysis of
variance. Bonferroni post hoc tests were used if significant
interactions were found and statistical significance was set at
P < 0.05, unless otherwise indicated. Participant anthropo-
metric and descriptive characteristics were reported using
mean and standard deviation. Two-way paired t-tests were
used to compare energy expenditure (in kilocalories or kcal)
and percent of VO2max during CON and CIRC. A linear
regression was used to compare the measured BG concen-
trations with perceived [BG] concentrations during CON and
CIRC. The percent of time spent in different BG ranges (i.e.,
hypoglycemia, euglycemia, and hyperglycemia) 12-h after
CON and CIRC, as measured by CGM, were compared us-
ing the Mann–Whitney test for nonparametric statistics. For
this analysis, euglycemia was defined by the iPro2 CGM as

a BG concentration of 3.9–10.0 mmol/L, hypoglycemia as
<3.9 mmol/L, and hyperglycemia as >10.0 mmol/L. All sta-
tistical analyses were conducted using STATISTICA 7.0
(StatSoft) and GraphPad Prism software (Version 7.0). Fin-
gerstick capillary BG was measured with the glucose meter
and used as a reference to evaluate the accuracy of the Enlite/
iPro2 CGM. The mean absolute relative difference (MARD)
was calculated as the absolute relative difference between the
glucose meter value and sensor value over the glucose meter
value multiplied by 100. Two-way paired t-tests were used to
compare the absolute relative difference between CON and
CIRC conditions pre-, during, and postexercise.

Results

Anthropometric measurements of all participants (six men
and six women) are shown in Table 1. Most participants were
young adults (mean age 32 – 11 years [mean – SD]), lean
(body fat 21.8% – 9.4%,) and in excellent metabolic control
(HbA1c 7.0% – 0.9%). Disease duration ranged from 2 to 43
years and total daily insulin dose averaged 39 – 14 U in the
group. Participants were using Medtronic� (n = 6), Animas�

(n = 4), or OmniPod� (n = 2) insulin pumps.
Both BG (7.5 – 2.6 to 9.9 – 4.4 mmol/L) and lactate levels

(1.0 – 0.3 to 13.2 – 4.2 mmol/L) increased from pre to post
VO2max (P < 0.05 for both). Figure 2 shows the change in
BG from pre-exercise (-10 min) to recovery (+30 min) dur-
ing both CON and CIRC visits. During the CIRC visit, pre-
exercise BG was 8.2 – 0.4 mmol/L (mean – SD), dropping
to 6.8 – 0.6 mmol/L by the end of the activity. During CON,
the pre-exercise BG was 9.5 – 0.7 mmol/L, dropping to
5.7 – 0.4 mmol/L by the end of exercise. The drop during
CON was greater than the drop during CIRC in 10 of the 12
participants (83%) and for the group as a whole (P < 0.05).
Figure 3 represents the mean energy expenditure (in kcal)
during CON and CIRC visits (panel a) and the percent of
VO2max during CON and CIRC (panel b). On average,
participants worked at a higher percent of their VO2max
during CIRC compared to CON (P = 0.03) and tended to
expend greater energy during CIRC than in CON (P = 0.07).
Figure 4 shows the lactate concentrations before, during, and
immediately after exercise in both visits. Lactate concentra-
tions were significantly higher during CIRC compared to
CON (P = 0.001 at t = 20 and t = 40, respectively).

FIG. 1. Timeline for CON and CIRC exercise sessions. Both of the exercise sessions were conducted at either 1100 or
1600 h depending on participant availability (this was consistent for each individual). Basal insulin was suspended at the
onset of both CON and CIRC exercise conditions and resumed to the normal rate immediately postexercise (n = 12).
*Arrival to laboratory.
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Figure 5 demonstrates the accuracy of perceived to mea-
sured BG concentrations via Clarke Error Grids (a) and
Bland–Altman plots (b) for the two exercise sessions. Table 2
represents BG estimations separated by zones A–E of the
Clarke Error Grids during CON and CIRC. These zones de-
pict the likelihood of inappropriate treatment based on the
perceived versus measured BG values.13 Based on regression
analyses and our assessment using Clarke Error Grid analy-
ses, participants were able to more accurately estimate their
BG throughout CON (r = 0.83) compared to CIRC (r = 0.33),

although both conditions showed reasonably ‘‘safe’’ BG es-
timations overall, with 97% of the values within zones A and
B of the Clarke Error Grid (Figure 5). Figure 6 (panel a)
represents the 12-h recovery CGM data following the CON
and CIRC sessions (n = 8 only because of technical limita-
tions in data capture from CGM) and (panel b) the percentage
of time spent in each of the following zones: euglycemia
(3.9–10.0 mmol/L); hypoglycemia (<3.9 mmol/L); and hy-
perglycemia (>10.0 mmol/L). Compared to CIRC, CON eli-
cited greater BG variability and led to a higher percentage of

Table 1. Individual Anthropometric and Clinical Characteristics

Subject
ID

Age
(years)

Gender
(M/F)

Height
(cm)

Body
mass
(kg)

Diabetes
duration
(years)

TDD
(units)

Basal
insulin

(%)
Body

fat (%)
VO2max

(mL$kg-1$min-1)

HR
peak
(bpm)

HbA1c

(%)

1 35 M 174 80.5 12 50 37 22.0 49.9 203 7.9
2 34 F 182 78.0 31 46 57 27.9 37.9 195 7.7
3 27 F 167 70.0 19 35 49 29.4 41.6 199 7.1
4 49 M 184 75.1 35 24 71 16.6 47.7 188 7.4
5 19 M 177 72.7 5 50 35 11.3 65.0 201 6.8
6 44 M 173 72.8 41 23 38 8.3 59.8 175 5.5
7 26 F 170 75.6 9 47 49 34.6 35.6 189 8.0
8 19 M 187 74.6 7 48 42 9.8 74.5 200 6.9
9 24 M 183 78.0 14 65 55 14.5 56.7 208 8.2

10 53 F 156 56.6 3 23 42 30.8 42.7 160 5.9
11 24 F 170 75.1 2 29 37 31.3 40.5 184 6.2
12 31 F 165 65.3 3 25 46 25.6 39.7 174 6.1
Mean – SD 32 – 11 M = 6 F = 6 174.9 – 9.1 72.9 – 6.5 16 – 13 39 – 14 47 – 11 21.8 – 9.4 50.1 – 13.7 191 – 14 7.0 – 0.9

HR, heart rate; TDD, total daily insulin dose; VO2max, maximal aerobic capacity.

FIG. 2. Relative (delta) change in BG with CIRC exercise (circle) and CON exercise (triangle) pre-, during, and
postexercise (n = 12). Hashed box represents the exercise session (40-min). Data are expressed relative to the BG levels at
the onset of exercise (time = 0). Data are expressed as mean – SD; *P < 0.05.
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time spent in hypoglycemia postexercise (3% vs. 10% of the
time in hypoglycemia, respectively).

Table 3 shows the CGM sensor performance data during
the CON and CIRC trials. Sensor performance was good
overall, with MARD values all below 15% pre-, during, and
postexercise in both trials. However, during the exercise
period itself, the MARD was significantly lower during CIRC
versus CON (P = 0.03).

Discussion

It is recommended that basal insulin reductions be per-
formed 30–90 min before exercise to allow for circulating

insulin levels to drop by the onset of exercise.1,15,16 However,
in reality, many individuals with T1D suspend basal insulin at
the start of exercise with varying degrees of success for hy-
poglycemia prevention.17 This study demonstrates that with
basal insulin suspension at the onset of exercise, the mean
drop in BG is greater during CON versus CIRC (P = 0.001),
as seen in Figure 2. Similarly, Moser et al.18 found that the
drop in BG levels with intermittent high-intensity exercise
(IHE) was less than with CON in MDI patients. Interestingly
in our study, the energy expenditure (measured in kcal)
during exercise was similar between conditions (P = 0.09);
however, the intensity of exercise, as measured by the percent
of VO2max was slightly, but significantly greater in CIRC
versus CON (P = 0.03, Figure 3). These findings suggest that
basal insulin suspension at the onset of exercise is more
protective against the drop in glycemia for mixed activities
when compared to activities that are primarily aerobic in
nature. These findings also reveal that CON is likely a more
challenging form of exercise for the development of auto-
mated insulin delivery system that rely on single hormone
therapy and technologies that trigger changes in an algorithm
at the time of exercise start (like HR or accelerometry).19

We first performed a pilot study, in a subset of participants
(n = 3), to determine whether CON could be performed safely
without any changes to the usual basal rate. All participants
developed moderate hypoglycemia within 30 min of starting
CON. Thus, for safety and ethical reasons, this arm of the
intervention was eliminated. The failure to have data collected
with pump on for both CON and CIRC conditions limits our
capacity to clearly demonstrate that pump off reduces the risk
of hypoglycemia compared to pump on. However, with this
study design, it was still possible for us to determine whether
participants respond differently to CON versus CIRC with
basal insulin suspension. Another limitation in our study is
that we did not include plasma free insulin measurements and
this information would have provided insight regarding the
impact of basal insulin suspension at the start of two different
forms of exercise. A number of groups have recently dem-
onstrated that exercise increases circulating free insulin

FIG. 3. (a) Energy expenditure in kilocalories (kcal) during CIRC and CON exercise sessions and (b) the percent of
VO2max during CON and CIRC exercise (n = 12). Data represent mean – SD; *P < 0.05.

FIG. 4. Lactate concentrations (mmol/L) at the start
(t = 0), middle (t = 20 min), and end (t = 40 min) of exercise
during both CIRC and CON conditions (n = 11). Data rep-
resent mean – SD; P < 0.05.
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concentrations in patients on CSII when basal insulin rates are
kept constant,20 lowered,9 or suspended altogether21 before
exercise start. It is likely that increases in adipose tissue blood
flow with exercise22 may be facilitating tissue depot uptake of
insulin, which may contribute to an increased risk for
exercise-associated hypoglycemia. The greater drop in gly-
cemia during CON versus CIRC is likely related to higher
levels of counterregulatory hormones released and/or greater
lactate production during CIRC.23

Al Khalifah et al.24 showed that individuals with a good
level of aerobic fitness (based on the norms for age and sex)
are more susceptible to hypoglycemia during exercise,
possibly due to their better insulin sensitivity and their
higher work capacity. In our study, we terminated exercise

on three occasions because of documented hypoglycemia
(twice during CON; once during CIRC). However, one par-
ticipant had a VO2max of 59.8 mL$kg-1$min-1 and the other
39.7 mL$kg-1$min-1, so fitness level likely did not explain
the incidence of hypoglycemia in our study.

Due to the increased risk for exercise-associated dysgly-
cemia, the usual clinical recommendation is to increase the
frequency of BG monitoring before, during, and following
PA participation.25,26 However, it can be difficult, or unde-
sirable at times, to perform SMBG during exercise, especially
in competition where the activity must be stopped to ‘‘test.’’
In fact, in activities such as swimming, cycling, and sky-
diving, it becomes incredibly challenging, and in some cases
impossible, to test BG levels frequently while exercising.

FIG. 5. (a) Clarke Error Grids comparing measured BG concentrations with perceived [BG] concentrations during CIRC
exercise (circles) and CON exercise (triangles). The BG values are separated into zones A–E that represent the clinical
implications of estimation errors. (b) Bland–Altman plots comparing the difference between measured and perceived BG
values within two standard deviations. A BG measurement was taken 10-min before the onset of exercise and participants
used this value as a reference during exercise. In general, participants could accurately estimate their BG levels during
exercise, particularly during CON exercise. During CON exercise, the best-fit y-intercept was 1.97 – 0.44 mmol/L and CIRC
exercise y-intercept was 4.20 – 0.95 mmol/L (P < 0.05).
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Previous studies have assessed the accuracy of perceiving
BG levels in individuals with T1D27,28 but few have focused
on exercise per se. Cox et al.27 found that although BG esti-
mations were highly variable across participants, very
few dangerous errors were made in estimating BG levels. In

another study that assessed the BG estimation accuracy in
adolescents, a poor correlation (r = 0.35) was found between
measured and perceived BG during 60-min of CON steady-
state cycling exercise.29 In general, adolescents tended to un-
derestimate their own BG when they were hyperglycemic and
overestimate their own BG when they were hypoglycemic
during exercise. This phenomenon was also more apparent
with CIRC in this study (Figure 5). In the conditions of which
our study was designed, the majority of participants were
found to accurately estimate their own BG during both forms
of exercise when they were provided with a reference BG
value 10-min before exercise. We also found that the accuracy
of the BG estimations was better during CON (r = 0.83) com-
pared to CIRC (r = 0.33) (Figure 5). The reason for this dif-
ference is unclear, but may be attributed to the frequent
variation in exercise intensities throughout the 40-min CIRC
session, which may mask the capacity to estimate BG. Another
limitation is that it is unclear how critical a reference value is
for improving an individual’s estimations of BG concentra-
tions during exercise. Future studies should include a subset of
participants that are not provided with a reference BG value
before exercise as a comparison, or perhaps a visit in which
participants are blinded to their own pre-exercise BG.

Table 2. Clarke Error Grid Analyses

Zones
Continuous

(CON) exercise
Circuit-based

(CIRC) exercise

A 50/70 (71%) 44/70 (63%)
B 18/70 (26%) 24/70 (34%)
C 0/70 (0%) 1/70 (1%)
D 2/70 (3%) 0/70 (0%)
E 0/70 (0%) 1/70 (1%)

Clarke Error Grid zones A–E during CON versus CIRC exercise.
Zone A, values within 20% of the measured BG (CON 71%, CIRC
63%); Zone B, points are outside of 20%, but would not lead to
inappropriate treatment (CON 26%, CIRC 34%); Zone C, points
leading to unnecessary treatment (CON 0%, CIRC 1%); Zone D,
points indicate potentially dangerous failure to detect hypo- or
hyperglycemia (CON 3%, CIRC 0%); Zone E, points that would
confuse treatment of hypo- for hyperglycemia and vice versa (CON
0%, CIRC 1%).

FIG. 6. (a) Twelve-hour recovery CGM glycemia following CON (light shade) and CIRC exercise (dark shade). Data
represent mean – SD of 12-h postexercise from 1200–0000 or 1800–0600 h. (b) Time spent (%) in hypoglycemia, eu-
glycemia, and hyperglycemia following CON versus CIRC exercise sessions (n = 8). CGM, continuous glucose monitor.
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Previous studies have investigated the accuracy of various
CGM systems during IHE versus CON, although findings
remain inconclusive.30–32 Bally et al.31 found comparable
CGM accuracy during IHE and CON whereas Moser et al.30

revealed CGM overestimation during IHE. More recently,
Taleb et al.32 compared the performance of two current and
widely used CGM systems (Dexcom G4� Platinum, Med-
tronic Enlite with MiniLink� transmitter) at rest and during
exercise; finding that both products had lower performance
during exercise compared to rest. Similarly in this study,
CON revealed lower performance in comparison to rest and
recovery periods. The higher MARD during CON may be
attributed to the more rapid drop in glycemia compared to
CIRC (Table 3). However, based on the overall MARD
values in our study, the enhanced Enlite/iPro2 CGM perfor-
mance appears more accurate than the real-time CGM sys-
tems used in the previous study.32 The limitation with iPro2
CGM, however, is that glucose values are not reported in
real-time and as such can only be used for retrospective
analysis.

Numerous studies have demonstrated delayed hypogly-
cemia postexercise, typically occurring from 8 to 12 h in
recovery from prolonged activity.33–36 Similarly in our study,
12-h postexercise, the percent of time spent hypoglycemic
(defined as a sensor glucose <3.9 mmol/L) tended to be
higher following CON (10%) versus CIRC (3%) (Figure 6b).
Some common suggestions to help reduce nocturnal hypo-
glycemia include reducing basal insulin rates overnight, re-
ducing fast-acting insulin with the evening meal, and/or
consuming low glycemic index food at bedtime, although
further research in this area is required.33

In conclusion, basal insulin suspension at the onset of
exercise leads to a greater drop in glycemia during CON
versus CIRC. CON also tends to increase the percent of time
spent in hypoglycemia 12-h following exercise. More ef-
fective strategies are needed to reduce the barriers associated
with exercise such as the fear of hypoglycemia.37 In addition,
the type of exercise performed may also impact an individ-
ual’s estimations of their BG levels. Following a baseline
glucose meter reading, estimating BG levels during exercise
should be done with caution, particularly in those individuals
with hypoglycemia unawareness. Both frequent SMBG and
CGM use for exercise are highly recommended for active in-
dividuals with T1D to increase safety and to help with deci-
sion support from healthcare providers.1 Based on our findings
that circuit-based exercise deteriorates BG estimations com-

pared to continuous moderate-intensity aerobic exercise, this
study supports the need for increased vigilance around mon-
itoring BG levels during activities that are interspersed with
frequent variation in exercise intensities.
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