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Exercise is an important component of managing type 1
diabetes. It has many important cardiovascular health
benefits for children and adolescents with type 1 diabetes,
including weight control and reduction of triglyceride and
total cholesterol levels (1). Physical activity also improves
bone health (2) and sense of well-being (3). Recent meta-
analyses suggest thatincreases in physical activity can also
be associated with A1C reductions (1,4).

The American Diabetes Association (ADA), the Interna-
tional Society for Pediatric and Adolescent Diabetes
(ISPAD), and many other organizations strongly
encourage physical activity for children with type 1
diabetes (5,6). The ADA recommends that youth with type 1
diabetes follow the same recommendations given for
healthy children, including engaging in at least 60 min of
moderate- or vigorous-intensity physical activity per day (5).

Rates of physical activity for American youth are very low.
Only about one-fourth of healthy adolescents get at least
60 minutes of physical activity per day (7). Most children

and adolescents with type 1 diabetes also do not meet
physical activity recommendations, and some reports
suggest that those with type 1 diabetes engage in less
physical activity than their peers (1,8,9). A recent study by
Czenczek-Lewandowska et al. (10) found that this was
true regardless of the method of insulin delivery used.
There are significant barriers to physical activity in ad-
olescents with type 1 diabetes, including fear of hypo-
glycemia (11) and hyperglycemia (5).

It is estimated that 10-20% of hypoglycemic episodes in
pediatric patients with type 1 diabetes are associated with
exercise (12). The most commonly identified reason for
severe hypoglycemia is exercise, and most severe episodes
occur at night, frequently when the patient is sleeping
(11). Intensity and duration of exercise influences risk
of hypoglycemia (6). McMahon et al. (13) found that
glucose requirements after afternoon exercise increase
both shortly after exercise and then again 7-11 hours later.
The latter time point puts individuals at risk for nocturnal
hypoglycemia. Of interest, these researchers did not find
this same biphasic pattern if exercise is done at noon (14),
suggesting that changing the timing of exercise can be a
way to ameliorate the risk of hypoglycemia.

Recommendations for ways to decrease exercise-related
hypoglycemia risk are available. ADA and ISPAD rec-
ommendations for diabetes care around exercise start
with checking blood glucose at least before, during, and
after exercise (5,6). Additional blood glucose checks
might be warranted in different situations (e.g., if per-
forming significantly strenuous exercise) (5,6). Fur-
thermore, management includes considering insulin
regimen changes and/or increased carbohydrate intake
(5,6). To decrease risk of hypoglycemia, both insulin
pump users and those with a multiple daily injection
(MDI) insulin regimen can decrease bolus insulin that is
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administered within a few hours of exercise, basing the
percentage reduction on exercise type, intensity, and
duration (5,6). In addition, basal insulin delivered via
insulin pump can be reduced before exercise (lowering the
basal infusion rate or disconnecting the pump) for periods
of anticipated prolonged exercise. To decrease the risk of
subsequent delayed nocturnal hypoglycemia, overnight
basal insulin may also be decreased, for those using either
an insulin pump or an MDI insulin regimen (5,11). Food
intake can also be increased or additional carbohydrates
can be eaten during prolonged activity (5,6). The ISPAD
guidelines also recommend eating meals with both
carbohydrate and protein content after exercise, to take
advantage of the high insulin sensitivity resulting from
exercise (6).

Although, as detailed above, there are various guidelines
regarding how adolescents with type 1 diabetes should
manage their insulin and carbohydrate intake in relation
to exercise, there are few data about what behaviors
adolescents actually carry out around exercise. A recent
study by Roberts et al. (15) looked at behavior around
physical activity in youths with type 1 diabetes who were
10-18years of age, used an insulin pump, and exercised at
least once per week. They found that, although the
majority of participants did make an insulin adjustment at
some point surrounding exercise, only 10% made an
adjustment overnight, and they concluded that many
youths were not adjusting their insulin regimen ade-
quately for exercise.

We wanted to understand the behavior of adolescents
using either an MDI regimen or an insulin pump and to try
to identify factors that correlate with their behavior. It is
important to first understand adolescents’ current man-
agement strategies to plan new approaches toincrease the
time youths with type 1 diabetes spend exercising safely,
which, as noted above, is an important component of
diabetes management. We surveyed adolescents with
type 1 diabetes about their insulin management, their
physical activity, and the adaptive strategies they use to
manage their diabetes around exercise. We also looked at
whether their level of activity and fear of hypoglycemia
influenced their insulin management practices in any way.

We conducted a cross-sectional study in our academic
medical center diabetes clinical practice. Adolescents
between 12 and 18 years of age with type 1 diabetes were
recruited in two clinic sites during routine visits. There
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were multiple physician and nurse practitioner clinical
pediatric care providers at both sites. The Indiana Uni-
versity Institutional Review Board approved the study,
and parents and adolescents provided informed consent
and assent, respectively.

Demographic data collected included sex, date of birth,
and date of diagnosis. Participants’ height, weight, BMI,
and A1C were abstracted from the medical record. BMI
was compared with the Centers for Disease Control and
Prevention (CDC) 2000 reference standards to determine
z scores and percentiles according to age and sex (16).
Participants completed three surveys during their visit,
as outlined below. Most adolescents completed all
questions, and the percentages reported are based on
responses received.

The International Physical Activity Questionnaire (IPAQ)
short form, validated in people 15-69 years of age, was
used to assess activity (17). The IPAQ consists of seven
questions regarding physical activity in the past 7 days. It
asks about type of activity (vigorous/moderate/walking)
and length of time spent in that kind of activity. The

answers are then converted into MET-minutes/week.

There are three possible categorical scores (levels of
physical activity), including low, moderate, and high.
These correspond to meeting at least one of two criteria,
which include either engaging in a certain level of in-
tensity for a specified amount of time or a certain number
of MET-minutes/week. These scores do not specifically
correlate to the CDC recommendations of 60 minutes/day
of activity.

Two surveys (one for adolescents using an MDI regimen
and one for those using an insulin pump) were developed
for this study to assess adolescent insulin and carbohydrate
management around exercise. Survey questions focused on
habits related to blood glucose monitoring around exercise,
carbohydrate intake around exercise, and insulin changes
before, during, and after exercise. Many of the questions
used a Likert scale ranging from 0 (never) to 4 (almost
always). If a participant answered the question with more
than one answer, such as for “typical time of day that you
exercise,” then each answer was counted.

We assessed fear of hypoglycemia and behaviors related to
that fear using the Children’s Hypoglycemia Fear Survey
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(HES) developed by Cox et al. (18). The survey consists of
10 questions about behavior related to trying to reduce
hypoglycemia and 15 questions related to worries that
children can have about their blood glucose level being
low. Each question is rated on a 5-point Likert scale
ranging from O (never) to 4 (almost always). Both the
Behavior Subscale Scores and the Worry Subscale Scores
are summed, and each is divided by the total number of
questions in each category to get a mean behavior (HFS-B)
score and a mean worry (HFS-W) score, with a maximum
mean score of 4 in each category. The higher the score, the
greater the person’s fear of hypoglycemia.

Data analyses were conducted using SPSS, v. 23, software.

Sixty-six adolescents with a mean age of 14.5 years (range
12.0-18.8 years) of whom 64% were male were enrolled.
Participants had an average duration of diabetes of 6
years, and just fewer than half of them were using an
insulin pump (Table 1). The mean ages of those on an MDI
regimen and those using an insulin pump were similar,
although diabetes duration was longer in those using a
pump (8.4 vs. 4.0 years). Mean A1C was 8.6 and 9.0% for
those on an MDI regimen and those using an insulin pump,
respectively. Eighty-two percent of participants had an
A1C above the ADA goal of <7.5% (19). Mean BMI was
similar between groups; about one-third of all participants
were overweight or obese. Forty-three percent of those on
an MDI regimen were overweight or obese, whereas 29%
of those using an insulin pump were overweight or obese.
A1C was not correlated to BMI gz score (P = 0.76).

The majority of participants (89%) had an IPAQ score
reflecting moderate/high levels of physical activity. Most
exercised in the afternoon or evening (Figure 1). There
was no correlation between level of activity and A1C
(P = 0.19) or BMI g score (P = 0.4).

The mean HFS-B score for all participants was 1.9 = 0.6
(range 0.4-2.9) and did not differ between those on an
MDI regimen and those using an insulin pump (P = 0.55).
The mean HFS-W score for all participants was 1.0 *= 0.6
(range 0.2-2.7) and also did not differ between those on
an MDI regimen and those using an insulin pump

(P = 0.19).

Only 33 and 47% of participants reported checking their
blood glucose almost always before and after exercise,
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respectively (Table 2). Forty-eight percent of participants
reported checking their blood glucose during exercise,
20% reported rarely or never checking their blood glucose
before exercise, and 14% reported rarely or never
checking after exercise. These behaviors did not differ
between the insulin injection group and pump group.

Only 15, 18, and 18% of all adolescents surveyed reported
almost always eating or drinking carbohydrates before,
during, and after exercise, respectively (Table 2). Pro-
portions reporting rarely or never eating or drinking car-
bohydrates before, during, and after exercise were 24, 29,
and 23%, respectively. No one in the pump group reported
“almost always” eating a carbohydrate prior to exercise.

For Adolescents on an MDI Regimen

Seventy-two percent of adolescents using an MDI regimen
reported that they did not make any insulin adjustments
before exercise. The remainder reduced the amount of
short-acting insulin given for the meal before exercise.

Seventy-nine percent did not make any adjustments after
exercise, whereas 18% reduced the short-acting insulin
given for the meal after exercise, and 3% (one person)
reported making a different type of insulin adjustment. No
one reported reducing the amount of long-acting insulin
given before bedtime.

Adolescents who had higher IPAQ scores were not more
likely to adjust their insulin before exercise (P = 0.68) but
were more likely to adjust it after exercise (P = 0.05).
Adolescents who adjusted their insulin before exercise
had greater HFS-B scores (2.21 vs. 1.73, P = 0.04) but no
difference in HFS-W scores (1.03 vs. 0.86, P = 0.45).
Those who adjusted their insulin after exercise had higher
HFS-B scores (2.55vs. 1.72, P = 0.001) and higher HFS-W
scores (1.28 vs. 0.81, P = 0.04). Those with longer di-
abetes duration were more likely to adjust insulin before
exercise (P = 0.04).

For Adolescents Using an Insulin Pump

Forty-seven percent of insulin pump users reported
making no insulin pump adjustments before exercise, 47%
reported either taking off their pump or stopping the
pump, and 6% reported reducing the insulin bolus given
for the meal before exercise. Forty-five percent reported
never adjusting their insulin pump during exercise, 27.5%
reported rarely adjusting it, and 27.5% reported that they
sometimes adjusted it. No one reported changing their
overnight basal infusion rate.

CLINICAL.DIABETESJOURNALS.ORG
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Demographic Characteristics of Participants
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Age, years

Mean = SD 145 + 1.8 143 £ 1.7 147 £ 2.0

Range 12-18.8 12.0-18.8 12-18.7
Male sex, n (%) 42.0 (64) 24 (69) 18.0 (58)
BMI, kg/m?

Mean = SD 23.0 = 4.6 235 + 4.8 224 + 45

Range 15.3-38.9 15.3-38.9 16.1-30.7

Z score, mean * SD 0.7 = 0.9 08 £ 1.0 0.6 = 0.9
Weight status, n (%)

Normal/underweight 42 (64) 20 (57) 22 (71)

Overweight/obese* 24 (36) 15 (43) 9 (29)
Duration of diabetes, years

Mean = SD 6.0 £ 4.1 40 = 3.2 8.4 = 3.7

Range 0.2-15.7 0.2-13 1.8-15.7
Al1C, %

Mean = SD 88 = 1.5 8.6 = 1.6 9.0 =14

Range 6.0-11.6 6.0-11.6 6.6-11.6

Mean * SD excluding recently diagnosedt 9.0* 14 89 14 9.0 14
Percentage with A1C =7.5% 81.8 74.3 90.3
IPAQ, n (%)%

Low 6 (11.1) 5 (16.7) 1(4.2)

Moderate 16 (29.6) 8 (26.7) 8 (33.3)

High 32 (59.3) 17 (56.7) 15 (62.5)
HFS-B

Mean = SD 19 £ 0.6 1.8 = 0.6 19 £ 05

n§ 63 33 30
HFS-W

Mean = SD 1.0 £ 0.6 09 £ 05 1.1 £ 0.6

n§ 65 34 31

*Based on American Academy of Pediatrics recommendations: BMI 85th-95th percentile is overweight; BMI >95th percentile is obese. tExcluding
participants who have been diagnosed within 7 months of their visit date. $Twelve participants did not fill out enough information for an IPAQ
score; a total of 54 (30 of 35 participants from the MDI group and 24 of 31 participants from the insulin pump group) had an IPAQ score. §Number

of participants who responded.

There was no correlation between level of activity (IPAQ
score) and insulin regimen changes before exercise

(P >0.46). There was also no correlation between fear of
hypoglycemia measurements (HFS-B or HFS-W score)
and insulin regimen adjustments before exercise (P >0.6
for both). Those with longer disease durations were less
likely to adjust insulin before exercise (P = 0.007).

Recommendations focus on adolescents either increasing
carbohydrate intake or making insulin changes as ad-
aptations for exercise to prevent or treat hypoglycemia. To
see how many adolescents followed these recommen-
dations, we developed an adaptation based on the fol-
lowing criteria. Adolescents reporting that they either
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almost always ate carbohydrates and/or changed their
insulin dosing before or after exercise had a positive
adaptation factor related to before or after exercise.
Positive adaptation factors are summarized in Table 3.

Before Exercise

In the MDI group, there was a mix between those who
reported almost always eating carbohydrates and those
who reported making changes to their insulin regimen,
with two people reporting that they did both. In the insulin
pump group, no one reported that they almost always ate
carbohydrate, so all 16 in this group who had a positive
adaptation factor got it by virtue of changing their insulin
before exercise.



FEATURE ARTICLE Exercise in Adolescents With Type 1 Diabetes

Evening
24%

FIGURE 1 Time of day adolescents reported that they engaged in
physical activity.

After Exercise

In the MDI group, there was a mix between those

who reported that they almost always ate
carbohydrates and those who reported making

changes to their insulin regimen, with one person
reporting that he or she did both. In the insulin

pump group, no one reported changing their basal
insulin setting before bedtime, so all six people who had
a positive adaptation factor got it by virtue of eating
carbohydrates.

Overall, insulin pump users and those with an MDI regimen
were equally likely to report adapting their diabetes care.
Adolescents were more likely to exhibit adaptive behaviors

before versus after exercise, although this was only sta-
tistically significant among the pump users (P = 0.02).

Discussion

Our study found that adolescents with type 1 diabetes
followed in our academic medical center diabetes practice
reported relatively high levels of physical activity. It
should be noted that IPAQ surveys categorize level

of activity based on total activity per week, whereas
the ADA recommends 60 minutes/day of physical
activity (5).

This study suggests that many adolescents do not
change their insulin dosing in preparation for or in
response to exercise. Those who use insulin pumps were
more likely to change their insulin than those using an
MDI regimen, but still about half of participants who
used a pump did not make any insulin changes, and no
one reported using temporary basal rates before
exercise or before bedtime.

Contrary to our expectations before the study, those with
higher reported levels of activity were not more likely to
adjust their insulin before exercise. However, adoles-
cents on an MDI regimen who had high activity levels did
report making changes after exercise. It should be noted
that, of the total number of participants who used an MDI
regimen, the percentage who adjusted their insulin
before exercise was small, and the percentage of
those who made insulin adjustments after exercise
was even smaller.

Fear of hypoglycemia is a known possible barrier to
physical activity (5,11). However, there was no corre-
lation in the insulin pump group between higher HFS
scores and insulin adjustment. In the MDI group, those
with higher HFS scores were more likely to adjust their

TABLE 2 Carbohydrate Intake and Blood Glucose Monitoring for All Participants

Blood Glucose Monitoring

Before Exercise

After Exercise

Ingesting Carbohydrate

Before Exercise During Exercise After Exercise

Never 5 (7.6) 3(4.7) 10 (15.2) 9 (13.8) 5 (7.7)
Rarely 8 (12.1) 6 (9.4) 6 (9.1) 10 (15.4) 10 (15.4)
Every once in a while 10 (15.2) 9 (14.1) 14 (21.2) 14 (21.5) 5 (7.7)

Sometimes 21 (31.8) 16 (25.0) 26 (39.4) 20 (30.8) 33 (50.8)
Almost always 22 (33.3) 30 (46.9) 10 (15.2) 12 (18.5) 12 (18.5)
Total 66 (100) 64 (100)* 66 (100) 65 (100)* 65 (100)*

Data are n (%). *Total of those answering, excluding participants who did not answer the question.
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Adaptation Factor

Positive adaptation factor, n (%)
Before exercise
After exercise 18 (29)

NEYMAN ET AL.

16 (53) [of 30]
6 (21) [of 29]

17 (52) [of 33]
12 (35) [of 34]

*Total of those answering, excluding three participants who did not answer the questions.

insulin after exercise; for before-exercise adjustments,
there was only a correlation with higher HFS-B scores,
not with higher HFS-W scores.

Many adolescents do not change their carbohydrate in-
take in preparation for or in response to exercise. Also,
the majority of adolescents surveyed do not follow
recommendations about blood glucose monitoring
around exercise.

Our study adds to the limited available data on strategies
adolescents with type 1 diabetes use to minimize
potential hypoglycemia around exercise. Compared with
the study by Roberts et al. (15) of youths using

insulin pumps, our cohort had a mix of pump and MDI
users with a higher mean A1C, somewhat shorter

mean duration of diabetes, and smaller percentage of
adolescents using continuous glucose monitoring (CGM).
Roberts et al. reported that most participants using a CGM
device found it to be helpful with glucose management
around physical activity (15,20). Differences in these
cohorts likely partially explain why we found lower rates of
reported insulin adjustments. However, our study results
support the overall conclusion of Roberts et al. that more
work needs to be done to enhance adolescent engagement
with changing diabetes management behaviors in relation
to exercise. Based on our study findings, those using

an MDI regimen may be an especially important

group to target.

This study adds to the literature by analyzing both MDI
and pump users, looking at both carbohydrate intake and
insulin adjustments, and using the IPAQ and HFS to
analyze the potential impact of level of activity and fear of
hypoglycemia on behavior.

There were a few limitations to this study, including that
it used self-reported surveys, which could introduce
recall bias. The data are also from one institution,
which can limit applicability. However, surveys were
given at two different clinic locations with different
providers. Having approximately equal numbers of
participants in the MDI and pump groups and

similar demographics between the two groups were
strengths of this study.
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Various other possible explanations for this lack of
guideline adherence were not examined in this study.
For example, with the significant amount of education
that patients receive, exercise guidelines are likely to
be a lower priority. Also, as adolescents take greater
control of their insulin management, they may need
education refreshers. We had a limited number of
adolescents who used a CGM device in our cohort, so
we were unable to analyze this subgroup separately.
However, as CGM becomes more prevalent, along with
hybrid closed-loop and predictive low glucose

suspend systems, a further direction of this research
would be to look at these patients’ behavior as a separate
cohort in comparison with those not using these tech-
nologies. An additional direction we would like to
explore would be to look at behaviors adolescents
potentially use to mitigate exercise-induced
hyperglycemia.

Notwithstanding the limitations noted above, our
results suggest that better-targeted education and in-
terventions are needed to improve adolescents’ blood
glucose management behaviors around exercise. These
data provide clinical insights that can be helpful in
practice. Given that neither the amount of activity nor
fear of hypoglycemia were significant predictors of
engagement in adaptive strategies, especially in pump
users, additional factors need to be identified to help
predict which adolescents will be more likely to make
recommended behavior or treatment adaptations
around exercise and determine how best to intervene to
encourage more adolescents to follow such recom-
mendations. Additional research is therefore needed.
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