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OBJECTIVE

To assess the reliability of self-perception of glycemia during high-intensity interval
training (HIIT) in subjects with type 1 diabetes (T1D).
RESEARCH DESIGN AND METHODS

This randomized crossover study included subjects who completed four fasted HIIT
sessions. Subjects answered the Edinburgh Hypoglycemia Scale, estimated their
blood glucose (BG), and had plasma glucose (PG) collected throughout exercise and
recovery.
RESULTS

CONCLUSIONS

During HIIT, despite progressing hyperglycemia, subjects experience increased
hypoglycemia symptoms and tend to underestimate their BG level.
Many individuals with type 1 diabetes (T1D) feel hesitant engaging in physical activity
due to fear of hypoglycemia (1). High-intensity interval training (HIIT) can maintain
hypoglycemia or promote hyperglycemia (2), an effect closely associated with
catecholamine release (3).
Awareness of blood glucose (BG) during exercise is challenging since self-monitored
BG typically requires an unwanted activity pause and continuous glucose monitoring
devices have shown increased lag time during exercise and early recovery (4). Active
exercisers with T1D may be predominantly relying on their own perceptions of their
glycemia, an ability that has not been widely studied. In athletes with T1D, estimated
BG was correlated (R2 = 0.69) with self-monitored BG during moderate-intensity
exercise, but not during circuit-based exercise (R2 = 0.11) (5), suggesting that different
forms of exercise might alter the perception of glycemia. This study evaluated the
reliability of the self-perception of hypoglycemia among people with T1D participating
in HIIT.
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NOVEL COMMUNICATIONS IN DIABETES

As PG increased throughout exercise, hypoglycemia scores increased across each
category: autonomic (3.1–4.4, P < 0.05), neuroglycopenic (1.5–2.4, P < 0.05), and
nonspeciﬁc (1.3–1.9, P < 0.05). Subjects’ estimated BG showed a negative bias that
widened as exercise progressed and peaked at 21.6 6 3.3 mmol/L (P < 0.001)
postinsulin correction.
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RESEARCH DESIGN AND METHODS

This study was part of a larger clinical
trial evaluating optimal insulin correction for hyperglycemia after HIIT (6).
Seventeen ﬁt adults with T1D completed
four identical, supervised weekly fasted
HIIT sessions comprising three 5-min
bouts. The ﬁrst and last bouts included
30-s intervals of cycling progressing to
130% of peak aerobic power. The middle
bout included a series of marching with
dumbbells, jumping jacks, burpees, pushups, forearm plank, and medicine ball
sweeps.
During the exercise, at 5, 15, and
25 min, subjects were asked to estimate
their BG level, the Edinburgh Hypoglycemia Scale (7) was verbally administered, and plasma glucose (PG) was
collected (YSI 2300 STAT Plus; YSI, Yellow Springs, OH). At 15 min post-HIIT,
if PG was .8.0 mmol/L, an insulin
dose was administered based on the
patient’s own sensitivity factor, using
a standard target of 6.0 mmol/L and
applying a multiplier of 0%, 50%,
100%, or 150%. The Edinburgh Hypoglycemia Scale and PG collection continued every 30–180 min postinsulin
correction. The protocol was approved
by an independent ethics committee,
and all participants provided written
informed consent.
Data Analysis

Symptom scores, and estimated and measured BG, were analyzed with repeated
measures mixed models. Subject BG
estimation accuracy was assessed by
comparing mean absolute relative difference, bias, and the %15/15 to measured
YSI PG (8). Clinically relevant accuracy was
determined using the Surveillance Error
Grid (SEG, www.diabetestechnology
.org/seg). Analyses were conducted with
SAS 9.4 (SAS, Cary, NC).
RESULTS

The baseline characteristics of the 17 subjects have been previously described (6).
On average, subjects were (mean 6 SD)
34.9 6 10.1 years of age, had a diabetes
duration of 17.0 6 11.0 years, and were
generally well controlled (A1C 7.2 6
0.9%). Across all HIIT sessions, PG increased from 8.8 6 1.0 to 12.0 6
2.3 mmol/L after the 25-min HIIT session
(Fig. 1), peaking at 12.7 6 2.4 mmol/L
after the 15-min session. Insulin was then
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administered depending on treatment
assignment, and 180 min later, PG increased further in the 0% arm and decreased in the 50%, 100%, and 150%
intervention arms.
Despite the rise in PG during exercise,
the Edinburgh Hypoglycemia Scale
symptom scores increased, rather than
decreased (Fig. 1A). Each score peaked
at the end of exercise (total symptoms
3.0 6 0.2, autonomic 4.4 6 0.3, neuroglycopenic 2.4 6 0.2, and nonspeciﬁc
1.9 6 0.1), and each was signiﬁcantly
higher than the 5- and 15-min scores.
During exercise, subjects consistently
underestimated their BG level, with a
negative bias of 20.9 6 3.2 mmol/L (P =
0.02) by end of exercise and by 21.6 6
3.3 mmol/L (P , 0.001) after insulin
correction. The 0% correction arm, which
achieved the highest peak BG, showed
the greatest negative bias (22.9 6
0.5 mmol/L vs. 21.9 6 0.5 mmol/L in
the 50% arm, P = 0.02; 21.1 6 0.5 mmol/L
in the 100% arm, P , 0.001; and 20.6 6
0.4 mmol/L in the 150% arm, P , 0.001).
The mean absolute relative difference
of estimated BG increased during exercise and recovery and peaked after insulin correction (27.3% vs. 19.9% at end
of exercise, P = 0.01; and 16.0% in early
exercise, P , 0.001). The %15/15 measure was similarly lowest postinsulin
correction (33.8%) compared with end
of exercise (50.0%) and early exercise
(56.3%) (P , 0.01).
The SEG analysis showed that “no-risk”
accuracy deteriorated throughout recovery, such that after insulin correction,
only 52.6% of paired values were in the
no-risk zone compared with 65.6% at the
end of exercise and 71.9% during early
exercise (P , 0.001) (Fig. 1B and C).
CONCLUSIONS

During and after hyperglycemia-inducing
HIIT sessions, we observed a marked rise
in glycemia and a paradoxical increase in
false hypoglycemia symptoms with impaired self-perception of glycemia. This
effect intensiﬁed throughout exercise,
with each category of symptom scores
(autonomic, neuroglycopenic, nonspeciﬁc, and total) exhibiting highest values
at the end of exercise.
This unique divergence in PG and hypoglycemia symptom scores during HIIT
may directly relate to a key physiologic response to hypoglycemia, adrenergic activation, and resulting autonomic

symptoms. HIIT activity is known to produce exaggerated responses in plasma
catecholamines, adrenaline, and noradrenaline (2), and the subsequent adrenergic
response may produce symptoms that
mimic hypoglycemia. The similarity in
the symptoms may be altering the exercisers’ judgement, incorrectly identifying
themselves as experiencing hypoglycemia. The association is further seen in
the ﬁnding that hypoglycemia symptom
scores return to normal after exercise,
when the adrenergic drive is halted.
Exercisers with T1D may also be somewhat primed to believe they are developing hypoglycemia, given the strong
association between exercise and the
fear of hypoglycemia (1).
In addition to the false perception of
hypoglycemia during exercise, subjects
similarly believed that their BG was signiﬁcantly lower than their measured PG.
This negative bias widened as exercise
continued and then widened further
postinsulin correction. The tendency to
underestimate BG during physical activity (i.e., cycling) was ﬁrst implied in
adolescents in 2002 (9) and recently
suggested to be more prominent in
circuit-based exercise as compared with
continuous treadmill walking/running
among ﬁt adults (5). Our ﬁndings now
quantify the negative bias, suggest a
continuing duration beyond exercise itself, and ﬁnally deﬁne an increased risk of
dosing error based on the SEG ﬁndings of
fewer paired values in the no-risk zone
(Fig. 1B and C). Other potential mechanisms include the rise in lactate during
HIIT, but hyperlactatemia normally impairs perception of hypoglycemia (10),
whereas we identiﬁed increased symptom perception. HIIT generally increases
prefrontal cortex oxygenation and improves cognitive performance and is
therefore an unlikely contributor itself
(11). However, cortical glucose uptake is
known to be reduced with intensive
exercise (12), suggesting that depletion of
brain glycogen levels may be a possible
alternative explanation (13).
A study strength is that data were
collected as a predeﬁned secondary
end point from a controlled trial, using
a crossover design to limit variability
with participants blinded to their actual
PG.
Limitations include the fact that hypoglycemia symptom scores were not
collected pre-exercise so calculation of

care.diabetesjournals.org

Potashner and Associates

Figure 1—A: The hypoglycemia symptom scores during exercise and the simultaneous rise in PG. B: The SEG analysis for the early exercise period (5 min).
C: The SEG analysis for the postinsulin correction period. *P , 0.05, signiﬁcantly different compared with 5 min. †P , 0.05, signiﬁcantly different
compared with 15 min.

absolute change was not possible. These
ﬁndings may be limited to HIIT training
and may not generalize to other forms
of exercise. BG accuracy is reported using
statistical tools that are more commonly

used to assess the accuracy of glucose
measuring devices.
During HIIT exercise of intensity sufﬁcient
to produce hyperglycemia, subjects with
T1D experience increases in symptoms of

hypoglycemia and a parallel tendency to
underestimate their BG, which endures
postexercise. The heightened adrenergic
drive of a HIIT session presents the most
likely explanation, but further mechanistic
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research is needed. BG awareness training
might be similarly explored in future studies (14). Although HIIT is often endorsed
as a safer option for patients with T1D
because of reduced hypoglycemia risk
(2), the paradoxical increased perception of hypoglycemia may not allay the
fear of hypoglycemia and may even lead
to overtreatment with carbohydrate,
which may further deteriorate glucose
levels.
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