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ABSTRACT
Introduction People with type 1 diabetes are recommended 
to exercise regularly. However, limited evidence exists on 
how frequency and duration of exercise affect the risk of 
hypoglycemia. The study aimed to compare the percentage of 
time spent in hypoglycemia between two 5- day periods with 
different frequency and duration of physical activity.
Research design and methods In this outpatient randomized 
crossover study, 26 participants aged 18–65 years with type 
1 diabetes for ≥2 years and insulin pump use for ≥1 year 
were included. After a 7- day observation period, participants 
completed two 5- day intervention periods separated by a 
washout period of at least 14 days. One period included five 
exercise sessions on 5 consecutive days (5S), each consisting 
of 4 min of resistance training and 30 min of aerobic exercise. 
Another period included two exercise sessions on 2 days with 
at least 2 days in between (2S), each consisting of 10 min 
of resistance training and 75 min of aerobic exercise. During 
each period, participants performed in total 150 min of aerobic 
exercise and 20 min of resistance training and wore continuous 
glucose monitors (Dexcom G6) and accelerometers (ActiGraph 
wGT3X- BT).
Results Twenty insulin pump- treated adults (10 women) with 
type 1 diabetes completed the study. The baseline median 
(range) age was 48 (24–64) years, glycated hemoglobin 55 
(44–66) mmol/mol, diabetes duration 24 (8–57) years, and 
body mass index 28.4 (22.3–35.8) kg/m2. No differences were 
observed between 5S and 2S in the percentage (mean±SD) 
of time spent below 3.9 mmol/L (3.5%±2.8% vs 4.5%±4.2%, 
p=0.28), time spent in 3.9–10.0 mmol/L (65.3%±15.0% 
vs 68.5%±13.6%, p=0.31), time spent above 10.0 mmol/L 
(31.2%±16.4% vs 27.3%±14.5%, p=0.15), mean glucose 
(8.7±1.3 mmol/L vs 8.5±1.2 mmol/L, p=0.33) and glycemic 
variability (35.8%±5.3% vs 35.8%±6.6%, p=0.97).
Conclusions Time spent in hypoglycemia was comparable 
between the two 5- day periods with different duration and 
frequency of physical activity.
Trial registration number NCT04089462.

INTRODUCTION
Regular exercise is associated with reduced 
risk of major adverse cardiovascular events, 
improved quality of life and physical well- 
being.1–3 According to different guidelines 

such as the American Diabetes Association’s 
standards of medical care, people with diabetes 
should aim for 30 min of moderate- to- vigorous- 
intensity aerobic exercise at least 5 days a week 
or a total of 150 min per week.4 In addition, 
they should practice resistance training at 

Significance of this study

What is already known about this subject?
 ► People with type 1 diabetes are recommended to per-
form aerobic exercise for at least 150 min per week and 
resistance training two to three times per week.

 ► The impact of the distribution of the 150 min of exercise 
per week is unknown.

What are the new findings?
 ► A combination of resistance training and aerobic exer-
cise for 5 consecutive days does not significantly change 
the percentage of time spent in hypoglycemia compared 
with a similar amount of exercise performed on two sep-
arate days in a 5- day period.

 ► We found similar distribution of percentage of time 
in ranges (<3.9 mmol/L, 3.9–10.0 mmol/L, and >10 
mmol/L) in two intervention periods with combined re-
sistance training and aerobic exercise, either 34 min on 
5 consecutive days or 85 min on 2 separate days.

 ► In the study there were similar sleep scores and 
activity energy expenditure (kcal/day) when partici-
pants performed the same amount of resistance and 
aerobic training 5 or 2 days weekly.

 ► If confirmed in larger studies, adults with type 1 diabetes 
can choose to exercise the same total amount of exer-
cise on 5 consecutive days or on two separate sessions 
without their choice affecting glucose control.

How might these results change the focus of 
research or clinical practice?

 ► The results of this study suggest that people with type 
1 diabetes can achieve similar glucose control wheth-
er they choose to perform the recommended weekly 
physical activity during five short sessions or two long 
sessions.
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least two to three times per week. However, less than 40% 
of people with type 1 diabetes achieve the recommended 
exercise levels.5 6

In addition to the beneficial effects, regular exercise 
is associated with increased risk of hypoglycemia—both 
during and in the hours after the exercise session.7 8 Due 
to fear of hypoglycemia, people with type 1 diabetes may 
prioritize a sedentary lifestyle despite the increased risk 
of macrovascular complications.3

The glucose response to exercise is highly dependent 
on the type of exercise. During aerobic exercise blood 
glucose mostly decreases. During resistance training 
blood glucose is often stable or can even increase.9 
Compared with aerobic exercise only, prior resistance 
training attenuates the decrease in blood glucose during 
aerobic exercise.10 However, both resistance training and 
aerobic exercise cause delayed- onset hypoglycemia in the 
hours following the session.7

To minimize exercise- related hypoglycemia, different 
strategies for insulin dosing and carbohydrate intake can 
be applied.9 11–13 These strategies require planning and 
initiation before the upcoming exercise session to avoid 
iatrogenic hyperinsulinism and thereby the risk of hypo-
glycemia.14 Since different exercise types affect blood 
glucose concentrations differently, a universal preven-
tion strategy for exercise- induced hypoglycemia may not 
be applicable.9 The existing guidelines do not explicitly 
recommend a daily workout routine but rather outline 
recommendations for weekly fitness goals.4 Furthermore, 
several observational studies indicate that frequency and 
duration of an exercise session affect the risk of hypo-
glycemia.15–18 Another study indicates that aerobic exer-
cise sessions may alter the following night’s sleep quality.7 
However, no solid intervention studies have investigated 
the impact of exercise duration and frequency on the risk 
of hypoglycemia and sleep quality.

We hypothesized that hypoglycemia would be lower if 
the same amount of exercise was split into shorter sessions 
on consecutive days compared with longer sessions with 
days in between. Our aim was to evaluate the impact of 150 
min of aerobic exercise and 20 min of resistance training 
split into either five sessions on consecutive days (5S) or 
two sessions with at least 2 days in between (2S) during a 
5- day period on the percentage of time spent in hypogly-
cemia, on other glycemic parameters and on sleep from 

06:00 on the first day of exercise until 06:00 on the sixth 
day.

RESEARCH DESIGN AND METHODS
Design
We undertook an open- label, randomized crossover study 
involving a screening visit, an observation period and two 
intervention periods separated by a washout period. The 
study was registered at  ClinicalTrials. gov. The random-
ization list was created using  sealedenvelope. com and 
uploaded to the web application Research Electronic 
Data Capture (REDCap, Vanderbilt, Tennessee, USA).

Screening
After providing informed consent, screening was 
performed to collect the following baseline data: sex, 
age, exercise habits, diabetes duration, duration of 
insulin pump use, total daily insulin dose (average of 
previous 7 days), continuous glucose monitor (CGM) 
usage, medication, height, weight, blood pressure, heart 
rate and 12- lead electrocardiography, and biochemistry 
from blood and urine samples.

Observation period
After screening, the participants wore a real- time CGM 
and a wrist- worn activity monitor for 7 days. Furthermore, 
they were asked to maintain their normal physical activity 
level and behave as usual during the 7- day observation 
period.

Intervention periods
The 5S intervention period consisted of five exercise 
sessions on 5 consecutive days; each session included 4 
min of resistance training and 30 min of aerobic exer-
cise. The 2S intervention period consisted of two exer-
cise sessions on 2 days separated by at least 1 day; each 
session included 10 min of resistance training and 75 
min of aerobic exercise. The participants were asked to 
perform the same type and intensity of aerobic exercise 
during the two intervention periods and were instructed 
to start each session with the resistance training (table 1). 
There were no restrictions in terms of time of the day for 
performing the exercise. Participants were instructed not 
to drink alcohol during the intervention periods.

Table 1 Type and duration of exercise in the two intervention periods

One exercise session per day for 5 consecutive 
days (5S)

One exercise session per day for 2 days 
within 5 days (2S)

Type of exercise Resistance: push- ups, back curls, sit- ups, dips 
and jumps.
Aerobic: moderate- intensity running, walking or 
cycling.

Resistance: push- ups, back curls, sit- ups, dips 
and jumps.
Aerobic: moderate- intensity running, walking or 
cycling.

Duration per session Resistance: 4 min.
Aerobic: 30 min.
Total: 170 min.

Resistance: 10 min.
Aerobic: 75 min.
Total: 170 min.
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Washout period
Between the two intervention periods was a washout of at 
least 14 days. The participants were encouraged to keep 
their prestudy physical activity level, but they were not 
monitored during this period.

Glucose management during exercise
Participants were advised orally and in writing on how to 
manage insulin dosing and carbohydrate intake for the 
different exercise intensities, exercise durations and for 
meals taken within 1 hour before the exercise sessions, 
as recommended in the exercise consensus report by 
Riddell et al.9 These instructions were used as guidelines 
only and participants were free to make any desired 
adjustments.

Exercise diary
A diary was provided to the participants, in which they 
were encouraged to register adjustments of insulin 
delivery and carbohydrate intake before and during 
each exercise session. Further, CGM values before the 
sessions, hypoglycemic events, and symptoms of hypo-
glycemia during the sessions were recorded in the diary. 
We defined a hypoglycemic event during exercise as an 
event with subjective symptoms of hypoglycemia and/or 
a sensor glucose value below 3.9 mmol/L.

Glucose and activity monitoring
During the intervention and observation periods, partic-
ipants wore a real- time CGM (Dexcom G6, Dexcom, 
California, USA) and a blinded wrist- worn triaxial accel-
erometer (ActiGraph wGT3X- BT, ActiGraph, Florida, 
USA) on the non- dominant wrist. For all participants, the 
CGM high sensor glucose alarm was set at 10.0 mmol/L 
and the low alarm at 4.0 mmol/L. After each period, 
the CGM and insulin pump were uploaded to Diasend 
(Glooko, California, USA) and/or Carelink (Medtronic, 
California, USA)) and the activity monitor was uploaded 
to ActiLife (ActiGraph). Physical activity level and sleep 
quality measures were estimated by and analyzed using 
the ActiLife software with Freedson and Cole- Kripke 
algorithms, respectively.19–21

Participants
Participants were recruited from the outpatient clinic 
at Steno Diabetes Center Copenhagen, Denmark. The 
inclusion criteria were age 18–64 years, type 1 diabetes 
≥2 years, insulin pump treatment ≥1 year, use of carbohy-
drate counting, and the insulin pump bolus calculator for 
all meals and snacks. The exclusion criteria included use 
of drugs other than insulin affecting glucose metabolism, 
alcohol or drug abuse, pregnancy, breast feeding, chronic 
use of acetaminophen, hypoglycemia unawareness quan-
tified by Høi- Hansen et al,22 severe hypoglycemia within 
the last year, vigorous- intensity exercise for more than 60 
min for 3 days per week or more, and other concomitant 
medical or psychological condition that according to the 
investigator’s assessment made the participant unsuitable 

for study participation. Participants’ prestudy activity 
levels were assessed using the International Physical 
Activity Questionnaire Short Form. Participants using an 
insulin pump with low glucose suspend, predictive low 
glucose management or hybrid closed- loop functions 
were asked to deactivate these functions in the interven-
tion and observation periods. If women experienced need 
for change in insulin delivery through their menstrual 
cycle, we scheduled the two intervention periods in the 
same part of their menstrual cycle.

Statistical methods
To detect a difference of 2% points in the percentage 
of time spent in hypoglycemia between the study arms 
with 80% power, a 5% significance level, and a 3% within- 
group and between- group SD, 20 participants should be 
included. To account for a 20% dropout rate, we aimed 
at including 25 participants.

The primary outcome was the percentage of time spent 
in hypoglycemia. Secondary outcomes included time 
in range (3.9–10.0 mmol/L), time above range, mean 
sensor glucose, glycemic variability (SD), coefficient of 
variance (CV), low blood glucose index (LBGI), high 
blood glucose index (HBGI), continuous overall net 
glycemic action (CONGA), physical activity measures 
(metabolic expenditure rate and percentages of time 
spent in sedentary and in each physical activity intensity; 
ie, light, moderate and vigorous physical activity), and 
sleep measures (total sleep time, sleep efficiency, time 
of wake after sleep onset). Paired t- tests were used to 
compare the outcomes between the intervention periods. 
CGM data were included in the statistical analysis if data 
for at least three consecutive days were available and 
exercise was performed for at least 75 min per period. 
The primary registration period was from 06:00 on study 
day 1 to 06:00 on study day 6, that is, 5 full days. To inves-
tigate any effects on glucose values lasting beyond the 
primary registration, we also undertook a secondary a 
priori defined analysis of an extended observation period 
starting 08:00 on study day 1 and lasting 7 full days. We 
used Microsoft Excel (Microsoft Office 365, California, 
USA) for statistical analyses and considered p<0.05 as 
statistically significant. If not otherwise stated, calculated 
data are presented as mean (±SD) and baseline charac-
teristics as median (range).

For per- protocol treatment we allowed minor protocol 
violations: for both arms, exercise duration of least 75 
min per period was accepted; for 2S, one session >75 min 
was accepted (instead of two); for 5S, four full consecu-
tive sessions were accepted (instead of five).

RESULTS
Participants
Twenty- one of twenty- six included insulin pump- treated 
adults with type 1 diabetes completed the study. One 
participant did not comply with the study protocol and 
was excluded. Two participants did not complete the 
study due to COVID-19- related lockdown in Denmark 
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in March 2020. Two participants withdrew consent for 
personal reasons, and one withdrew due to CGM alarm 
fatigue. Assessment of prestudy activity level using the 
International Physical Activity Questionnaire Short Form 
showed high physical activity for 2 participants, moderate 
physical activity for 14 participants and low physical 
activity for 4 participants. The baseline characteristics 
of the 20 participants (10 women) who completed the 
study are presented in table 2. The washout period was 
on average (range) 22 (14–40) days.

CGM measurements
For the 20 participants who completed the study we had 
5% missing CGM data points in the two intervention 
periods. No statistically significant difference was observed 
between 5S and 2S in the percentage (mean±SD) of time 
spent below 3.9 mmol/L (3.5%±2.8% vs 4.5%±4.2%, 
p=0.32), time in range (3.9–10.0 mmol/L) (65.3%±15.0% 
vs 68.5%±13.6%, p=0.32), time above range >10.0 

mmol/L (31.3%±16.0% vs 27.3%±14.5%, p=0.25), mean 
glucose (8.7±1.3 mmol/L vs 8.5±1.2 mmol/L, p=0.33) 
and CV (35.8%±5.3% vs 35.8%±6.6%, p=0.97) (figure 1). 
No statistical differences were observed between inter-
ventions for other glycemic variability measures (SD, 
LBGI, HBGI, and CONGA). Similarly, no differences 
were found in the abovementioned CGM measurements 
for the extended observation period.

Activity monitor
There were no statistically significant differences between 
the two intervention periods in daily activity level and 
activity energy expenditure (table 3). There were no 
statistically significant differences between the observa-
tion period and the two intervention periods in the daily 
activity level and activity energy expenditure (table 3). 
Furthermore, no difference was observed in sleep 
measures between the intervention periods (table 4).

Exercise diary
The percentual basal insulin reduction 1–2 hours before 
an exercise was not significantly different per session in 
2S compared with 5S (40%±28% vs 33%±33%, p=0.53), 
and the participants consumed similar amounts of carbo-
hydrates without insulin before each exercise session in 
2S compared with 5S (25±37 g vs 22±20 g, p=0.47). The 
number of hypoglycemic events per intervention period 
was similar in 5S compared with 2S (1.05 events/person/
week and 0.8 events/person/week, p=0.40).

Types of exercise during intervention and participant 
preference
The types of aerobic exercise the participant chose for 
the intervention periods were cycling (n=8), fast walking 
(n=4), running (n=2), and a combination of cycling, 
running and cross- training (n=6).

DISCUSSION
In contrast to our hypothesis, we found that among 
people with type 1 diabetes, time spent in hypoglycemia 
was comparable irrespective of whether exercise was 

Table 2 Baseline characteristics of the 20 participants with 
type 1 diabetes completing the study

N=20 Median Minimum Maximum

Age (years) 48 24 64

Weight (kg) 83 66 128

BMI (kg/m2) 28.4 22.3 35.8

Diabetes duration 
(years)

24 8 57

Duration of insulin pump 
use (years)

8 2 13

Total daily insulin dose 
(units)

38 23 116

HbA1c (mmol/mol) 55 44 66

Systolic blood pressure 
(mm Hg)

125 110 166

Diastolic blood pressure 
(mm Hg)

77 63 89

Data are presented as median and range.
BMI, body mass index; HbA1c, glycated hemoglobin.
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Figure 1 Continuous glucose monitoring data on the 20 participants who completed the study. Data are presented as 
mean±SD of the percentage of time below 3.0 mmol/L, time below 3.9 mmol/L, time in range 3.9–10 mmol/L, time above 10.0 
mmol/L and time above 13.9 mmol/L.
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performed on 5 consecutive days or on any 2 days within 
a 5- day period. Furthermore, no significant differences 
were found in time in range, time above range, glycemic 
variability, carbohydrate intake and insulin dosing, as 
well as on activity and sleep parameters.

To the best of our knowledge, this is the first study 
examining the relation between exercise frequency and 
duration and the risk of hypoglycemia in people with 
type 1 diabetes. In people without diabetes, some studies 
have compared health- related effects based on exercise 
performed as frequent smaller sessions or less frequent 
longer sessions.23 24 Murphy and colleagues23 reviewed 16 
studies and reported similar health benefits in blood pres-
sure, weight loss, and lipid profiles of dividing the same 
amount of exercise into frequent shorter or fewer longer 
sessions. Furthermore, Shambrook and colleagues24 
performed a systematic review of 16 studies in seden-
tary healthy persons and concluded that the glycemic 
response to accumulated exercise or single- bout exercise 
was the same.

Numerous studies have demonstrated delayed hypo-
glycemia after exercise, typically occurring from 8 to 12 
hours in recovery from prolonged activity.7 10 25 There 
are two main mechanisms for this increased risk. First, 
liver and muscle glycogen stores must be restored after 
the exercise sessions and therefore the body’s glucose 
consumption is increased compared with resting. Second, 

increased insulin sensitivity can persist for hours and even 
days after the exercise session.7 We found similar time 
in hypoglycemia during daytime for 5S and 2S (4.8% vs 
3.6%) and night- time for 2S and 5S (2.5% vs 3.1%).

In a study by Reddy et al7 it was found that individuals 
with type 1 diabetes lost 70 min of their sleep on the night 
after an aerobic exercise session compared with 27 min 
after resistance exercise session. In our study, the combi-
nation of aerobic and resistance training seemed not to 
alter the sleep duration or efficiency from the observa-
tion period to the two intervention periods. Unfortu-
nately, data on when sleep started during the observation 
period were obtained less accurate than in the interven-
tion periods. However, no differences in sleep parameters 
were seen between the two intervention periods, both 
including a mixture of aerobic and resistance exercise. 
Thus, our data indicate that sleep is not affected by the 
distribution of the exercise amount, but cannot explain 
how sleep is affected by the different types of exercise.

Strengths and limitations
The strengths of the present study include the robust 
study design and the use of CGM and activity monitoring 
to investigate the relationship of physical activity, risk of 
hypoglycemia and quality of sleep. We have valid CGM 
measurements data with only 5% missing data points 
in the two intervention periods used in the primary 

Table 3 Data from the ActiGraph activity monitor

Intervention
Observation 
period 5 sessions 2 sessions P value* P value† P value‡

n 17 17 17 17 17 17

Activity energy expenditure
(kcal/day)

1457±688 1562±555 1521±597 0.613 0.195 0.48

MET per day 1.48±0.19 1.50±0.17 1.48±0.17 0.459 0.336 0.914

Sedentary (% per day) 65.6±9.6 65.6±7.7 64.1±8.0 0.216 0.269 0.095

Light activity (% per day) 22.6±6.4 21.8±4.2 24.1±7.0 0.007 0.0275 0.165

Moderate activity (% per day) 11.8±4.7 12.6±4.6 11.9±4.4 0.273 0.217 0.929

Vigorous activity (% per day) 0.0±0.0 0.0±0.0 0.0±0.0 NA NA NA

Step counts (number per day) 10 342±4376 11 693±4034 11 361±4014 0.563 0.0125 0.079

Data are presented as mean±SD.
*P value for comparing the two intervention periods.
†P value for comparing the observation period and the five- session period.
‡P value for comparing the observation period and the two- session period.
kcal, kilocalorie (physical activity energy expenditure); MET, metabolic expenditure rate; NA, not applicable.

Table 4 Sleep scores obtained by the activity monitor during the two intervention periods

n Efficiency
Total time in 
bed (min)

Total sleep 
time (min)

Wake after 
sleep onset 
(min)

Number of 
awakenings

Average 
awakening 
length (min)

5 sessions 17 88.9±12.9 453±83 394±116 54±86 9±10 12±60
2 sessions 17 89.9±12.0 458±81 413±100 38±49 8±9 3±4

Data are presented as mean±SD.
Sleep efficiency is defined as the total sleep time divided by the total time in bed.
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endpoint. Moreover, the participants did undertake the 
study in home settings, only wearing non- invasive wear-
ables with minimal burden on participants’ everyday life 
activities. In addition, our sample contains participants 
with a body mass index (BMI) ranging from 22 kg/m2 to 
35 kg/m2. However, larger study samples are needed to 
demonstrate whether glucose profile during each inter-
vention is similar across the BMI spectrum.

The study has limitations. First, the participants were 
not restricted to perform exercise at a specific time 
during the day, which means that circadian factors could 
have affected glucose response to exercise.26 Second, the 
study may have been underpowered in order to detect 
the actual difference of 1% in time below range. We 
based our power calculation on an expected difference 
of 2% in time below 3.9 mmol/L. Third, the number 
of missing data on insulin dosing, carbohydrate intake, 
activity and sleep measurement, as well as the small 
sample size, limits the possibility of adjusting for these 
factors in the statistical analysis. Fourth, most of our 
included participants had a moderately active physical 
activity level and therefore the study results are limited 
to the particular group and may not be applicable for 
persons with a different activity level. We suggest similar 
studies in people habitually doing more intense exercise 
and studies comparing other distributions and frequen-
cies of the exercise sessions. Fifth, we used the wrist- worn 
accelerometer to assess the physical activity level. A study 
by Chomistek et al27 showed that moderate to vigorous 
activity less than 10 min may not be recorded with accel-
erometers. Furthermore, dips may not be recorded as 
the wrist is not involved in these movements. Moreover, 
the ActiGraph is not validated for our specific training 
program with jumps, dips, and push- ups, which is why 
vigorous activity in general may be under- reported in 
our study. Lastly, most of our included participants were 
already moderately active and therefore the study results 
are limited to this particular group and may not be appli-
cable for persons with different habitual activity levels.

CONCLUSION
Our findings suggest that performing exercise for 5 
consecutive days does not reduce the percentage of 
time in hypoglycemia compared with similar amounts 
of exercise performed on 2 days over a 5- day period. If 
our results are confirmed in larger studies, people can 
be recommended to choose freely how to distribute their 
weekly exercise sessions.
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