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OBJECTIVE

For people with type 1 diabetes, there are limited evidence-based resources to
support self-management when traveling across multiple time zones. Here, we
compared glycemic control on insulin degludec versus glargine U100 as the basal
insulin for adults using multiple daily injections (MDI) while traveling across mul-
tiple time zones.

RESEARCH DESIGN AND METHODS

This randomized crossover pilot study compared insulin degludec versus glargine
U100 for adults with type 1 diabetes using MDI insulin during long-haul travel to
and from Hawaii to New York. Insulin degludec was administered daily at the
same time regardless of time zone, and glargine was administered per travel
algorithm. Primary end point was the percentage of time in range (TIR) between
70 and 140 mg/dL during the initial 24 h after each direction of travel. Secondary
end points included standard continuous glucose monitoring metrics, jet lag,
fatigue, and sleep.

RESULTS

The study enrolled 25 participants (56% women, mean ± SD age of 35 ± 14.5
years, HbA1c of 7.4 ± 1.2% [57 ± 13.1 mmol/mol], and diabetes duration of 20.6 ±
15 years). There was no significant difference in glycemic outcomes between the
two arms of the study, including TIR, hypoglycemia, or hyperglycemia. Neither
group achieved >70% TIR 70–180 mg/dL during travel. Jet lag was greater on glar-
gine U100 in eastward travel but not westward. Fatigue was greater after west-
ward travel on glargine. Sleep was not significantly different between basal
insulins.

CONCLUSIONS

In adults with type 1 diabetes using MDI of insulin and traveling across multiple time
zones, glycemic outcomes were similar comparing insulin degludec and glargine U100.

Prior to the severe acute respiratory syndrome coronavirus 2 pandemic, airlines
serving the U.S. carried an all-time high of 1.1 billion passengers, of which 241 mil-
lion flew internationally (1). Given there are �7.4 million Americans with diabetes
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using insulin, this makes it likely that a
good proportion of the people who
board flights each day are flying with
insulin-treated diabetes (2). Although the
longer-term impact of the pandemic on
airline travel is unclear, there is evidence
from the 2003 severe acute respiratory
syndrome outbreak that once travel bans
are removed, the number of visitors to a
destinations with high rates of infection
quickly returns toward normal (3).

For insulin-treated individuals plan-
ning long-haul travel (defined as a flight
lasting >6 h), consideration needs to be
given to every stage of a journey,
including factoring in the impact of
crossing multiple times zones and jet
lag on choosing a safe and effective
insulin (4). In one survey, more than
half of travelers with diabetes reported
difficulties in glucose management dur-
ing their journey compared with the
month prior to leaving (5). For insulin-
treated individuals �10% of travelers
on short- as well as long-haul journeys
experienced problems, most commonly
hypoglycemia during the journey or in
the first 24 h after arriving at their des-
tination (6).

For long-haul travel, there is evidence
that many physicians, including endocri-
nologists, are uncertain how to adjust
insulin for travel across several time
zones, and some of the existing infor-
mation provided has been described as
“potentially harmful”(6). Currently, there
are few resources to offer evidence-
based travel guidance to individuals with
type 1 diabetes. A common challenge is
to plan making adjustments in the dose,
timing, and frequency of long-acting basal
insulin as long-haul travelers cross multi-
ple time zones and deal with changes in
sleep and wakefulness at their destina-
tion. It is unclear whether alterations in
insulin pharmacology can provide practi-
cal benefits to people with diabetes trav-
eling long distances.

Because of its favorable pharmacoki-
netic and pharmacodynamics properties,
insulin degludec has been shown to
improve glycemic control (by improve-
ments in hemoglobin A1c), have a lower
risk of hypoglycemia, and show less glyce-
mic variability compared with insulin glar-
gine U100 (7,8). In this pilot study, the
aim was to compare degludec versus glar-
gine U100 as the basal insulin for adults
with type 1 diabetes using multiple daily
injections (MDI) of insulin and flying long-

haul using profiles from continuous glu-
cose monitoring (CGM) devices worn
before, during, and after travel.

RESEARCH DESIGN AND METHODS

Study Design
This study was an open-label, single-cen-
ter, pilot study with participants random-
ized to glargine U100 or insulin degludec
as the basal insulin, and then after a 2-
week break, they crossed over to the
alternative insulin for a repeat long-haul
journey (Fig. 1). The journey began in
Honolulu, HI (HNL, Coordinated Universal
Time �10 h) with a nonstop flight to
New York, NY (NYC, Coordinated Univer-
sal Time �4 h) lasting �10 h with a 6-h
time difference between destinations.
After up to 72 h in NYC, they returned to
HNL and spent up to 72 h at that destina-
tion. Participants continued to use their
usual mealtime fast-acting insulin, and
they did not adjust their insulin-to-carbo-
hydrate ratio during travel or at each des-
tination. Before each journey, participants
had their basal insulin optimized using
CGM profiles for 4 weeks (9).

Procedures were approved by Advarra
Institutional Review Board, Columbia, MD
(UTN U1111-1210-7350) and registered
with ClinicalTrials.gov (NCT03668808).

Participants
All participants gave written consent
before any study procedures were

performed, and eligibility was confirmed
by study staff during a screening visit. The
participants had a diagnosis of type 1 dia-
betes for at least 1 year and were under
treatment with MDI of any basal and
rapid-acting insulin analogs. Participants
were adults between 18 and 65 years of
age, HbA1c was <10% (86 mmol/mol)
within 30 days of being enrolled, and
there were no contraindications to long-
haul travel. They had to be willing and
able to use a CGM device, have the abil-
ity to self-manage insulin therapy, and
perform all self-monitored blood glucose
(SMBG) readings with self-adjustment of
insulin doses according to the protocol.

Exclusion criteria included recurrent severe
hypoglycemia (more than one severe hypo-
glycemic event requiring hospitalization
during the last 12 months), hypoglyce-
mia unawareness, as judged by a
score of >4 on the Gold score (10), or
hospitalization for diabetic ketoacido-
sis during the previous 6 months. Partici-
pants were excluded if they currently
used an insulin pump, were prescribed
any glucose-lowering drug other than
insulin, initiated or changed any sys-
temic treatment that could interfere
with glucose metabolism (such as sys-
temic corticosteroids, b-blockers, or mono-
amine oxidase inhibitors), had proliferative
retinopathy or maculopathy requiring
treatment, or were pregnant or had
the intention of becoming pregnant.

Figure 1—Study design, including timelines and directions of travel.
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Study Procedures
Participants who met the eligibility criteria
and signed the informed consent contin-
ued to the screening visit. The following
standard screening assessments were
completed at baseline (prerandomiza-
tion): HbA1c assessment via fingerstick
and Siemens DCA Vantage 2000 (Siemens
Medical Solutions USA, Malvern, PA),
equivalent NGSP-certified point-of-care
method, or by a local laboratory, demo-
graphics (date of birth, sex, and race and
ethnicity), medical history, substance use
history (drinking, smoking, and drug hab-
its), concomitant medications, and phys-
ical examination to include weight,
height, blood pressure, heart rate, and
urine pregnancy test. In addition, these
scales were administered: hypoglycemia
unawareness on the Gold Score Hypogly-
cemia Questionnaire (10), Hypoglycemia
Fear Survey (11), and Hypoglycemic Con-
fidence Scale (12).
At the randomization visit, participants

were randomized to starting insulin deglu-
dec or glargine U100 insulin according to
the label insert and full prescribing infor-
mation (13,14). A CGM (Abbott Freestyle
Libre Pro; Abbott Diabetes Care, Alameda,
CA) was inserted per the manufacturer’s
instructions for use. Clinical study staff
trained participants on inserting and using
the study CGM device. CGM data collec-
tion was ongoing over the next 2–4
weeks for the purpose of basal and meal-
time insulin optimization. The clinical staff
reviewed the dose of basal insulin and
made necessary adjustments based on
the CGM values at least once a week.
The investigator used clinical judgment to
adjust the basal insulin dose, insulin-to-
carbohydrate ratio, and correction factor
to ensure participant safety prior to con-
tinuing the study. These values once set
were not changed during travel.

Travel
Participants were recruited in Santa Bar-
bara, CA, and traveled to Honolulu, HI,
where they spent 2 days adjusting to that
time zone. After this, they flew to New
York, NY, where they spent 72 h before
returning to Honolulu, HI, to spend 72 h
there and then returned to Santa Bar-
bara, CA. The return to Santa Barbara
was followed by a 2-week period where
the participants returned to their original
insulin regimen. After 2 weeks, the alter-
native basal insulin was started (glargine
U100 to insulin degludec or insulin

degludec to glargine U100), and the opti-
mization protocol outlined above was
repeated. Participants traveled in the
same direction of travel as for the first
trip but on the new basal insulin. All par-
ticipants and study staff traveled in the
economy or coach section of the plane
for all flights, and all flights were nonstop.
Most traveling was done in the winter
and spring, and one group traveled in the
fall. No group traveled in the summer,
and we avoided any changes in time due
to daylight savings time.

During travel, glargine U100, insulin
degludec, and rapid-acting insulin were
maintained in cool storage (36�–46�F
[2�–8�C]) until first use using a proprie-
tary travel storage pack (e.g., Frio Cooling
Pack). During each flight, blood glucose
meters and strips and CGM devices were
taken in hand luggage. All doses of basil
and rapid-acting insulin and time of insu-
lin injections were recorded.

For each flight, the relevant basal
insulin was adjusted as described below,
and interstitial blood glucose was mea-
sured with blinded CGM (Freestyle Libre
Pro, Abbott Diabetes Care). The Liver-
pool Jet-Lag Questionnaire (15) was
administered after 24 and 48 h at the
destination. Sleep was monitored during
each flight and for 24 h at the destina-
tion with an ActiGraph wGT3X-BT activ-
ity monitor (ActiGraph, Pensacola, FL)
worn on the nondominant wrist. The
following variables were analyzed:

• Total sleep time—The total number
of minutes scored as “asleep.”

• Sleep efficiency (%)—Number of
sleep minutes divided by the total
number of minutes the subject was
in bed.

• Wake after sleep onset—The total
number of minutes the subject was
awake after sleep onset occurred.

• Sleep Fragmentation Index—Sleep
Fragmentation is an index of restless-
ness during the sleep period expressed
as a percentage. The higher the index,
the more sleep is disrupted.

• Number of awakenings and the aver-
age length (min) of the awakening.

Safety During Travel
As both insulin degludec and glargine
U100 are approved for use for type 1
diabetes in the U.S., no additional safety
requirements are required beyond usual

clinical care. All participants were pro-
vided with oral glucose for the prevention
of hypoglycemia. In addition, participants
had with them at all times an experi-
enced member of the research team who
was in contact with Sansum Diabetes
Research Institute (SDRI) physicians for
any advice or problems that might arise.

Insulin Degludec and Glargine U100
Basal Insulin Adjustments for Travel
As shown in clinical trials for adults with
type 1 and type 2 diabetes, insulin deglu-
dec allows for flexibility in the timing of
dose administration, provided a minimum
of 8 h and a maximum of 40 h between
injections is ensured (16,17). For this rea-
son, when participants were using insulin
degludec, they could administer their basal
insulin at the same time, regardless of
time zone and without adjustments or cal-
culations. With glargine U100 as the basal
insulin, participants adjusted their basal
insulin based on discussion with their spe-
cialist diabetes team using the basal insu-
lin adjustment algorithm for long-haul
travel (18) shown in Supplementary
Figs. 1 and 2, and they took this dose
once per day. The basal insulin adjust-
ment algorithm for glargine U100 is
based on expert opinion and on knowl-
edge of insulin pharmacokinetics and
extensive clinical experience. The algo-
rithm also assumes linear absorption,
which may not be the case.

Statistical Methods
The study had an open-label, randomized
crossover design. Randomization was for
basal insulin alone. This is a pilot study, as
no previous studies have been performed
comparing basal insulins during long-haul
travel. The aim was to compare the
impact of long-haul travel on glycemic
control assessed by CGM-derived data for
percentage of time in range (TIR) 70–140
mg/dL as the primary end point, and TIR
70–180 mg/dL as a secondary end point,
with the assessment during the initial 24
h after arriving at NYC and HNL (starting
within 2 h after arrival) comparing glar-
gine U100 versus insulin degludec as the
basal insulin. Comparisons were made
for:

• 24 and 72 h after each flight at each
destination
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• During each flight (total time, from
take-off to meal and from meal to
landing)

• During sleep at each destination

Clinical targets for continuous glucose
monitoring have been published, includ-
ing an international consensus on time
in range, and these metrics were also
included in our secondary end points
(19). Below are the methods used here
for the TIR calculation:

• TIR was defined as percentage of
time glucose values were between
70 and 140 mg/dL and the percent-
age of time glucose values were
between 70 and 180 mg/dL. Hypo-
glycemia was defined as excursions
of at least 15 min with glucose val-
ues <70 mg/dL (i.e., for 15-min data
at least two observations of the sen-
sor data outside the boundary
70–140 mg/dL). Hyperglycemia was
defined as excursions of at least 15
min with glucose values >140 mg/
dL (i.e., for 15-min data at least two
observations of the sensor data out-
side the boundary 70–140 mg/dL).

• The duration of a hypo- or hyperglyce-
mic excursion was defined as the time
elapsed from the first excursion to the
first reading outside of the excursion.

• The duration of TIR was defined as
all the remaining time not allocated
to hypo- or hyperglycemia except
where data “gaps” occurred: 1) if
only one glucose reading was below
or above the TIR boundary of either
70-140 mg/dL or 70-180 mg/dL,
then the duration was not affected
and the participant was still consid-
ered to be in range; 2) when there
were more than one glucose reading
missing, then the last glucose read-
ing could be held as long as 3,600 s.
If there were >3,600 s between
consecutive glucose readings, then
the time elapsed between the con-
secutive glucose readings was not
counted toward duration of TIR.

• Percentage of total time spent in
each range was calculated as:

where total time = TIR 1 total time in
hypoglycemia 1 total time in hypergly-
cemia. Total time does not include gaps.

• Comparisons were made using Student
paired t tests (two-sided) for normative
and log-transformed data and Wilcoxon
signed rank testing for nonparametric
data. Data were expressed wherever
possible as mean difference with 95%
confidence limits for the difference or
as mean ± SD for the difference. Non-
parametric data are presented as
median differences with interquartile
ranges. Furthermore, to gain as much
information as possible from this pilot
study, all hypotheses were tested at
0.05, and no adjustments for multiplic-
ity were made. Statistical analyses
were performed with SAS 9.4 software
and with Microsoft Office Excel 2013.

RESULTS

In this pilot study, 25 participants provided
informed consent, and 21 completed the
study. Two participants withdrew consent
after completing part of the travel, one
due to the stress of jet lag and long-haul
travel and the other due to work conflicts.
One participant had diabetic ketoacidosis
during the washout period and was no
longer eligible for study participation, and
the fourth participant withdrew consent
prior to travel due to unforeseen conflicts
with travel dates. All participants who
completed at least one arm of the study
were included in the data analysis.

Overall, participants were an average
age of 35 ± 14.5 (mean ± SD) years, had
HbA1c of 7.4 ± 1.2% (57 ± 13.1 mmol/
mol), and diabetes duration of 20.6 ±
15 years. Fourteen identified as female,
and the majority (n = 23) were White.
Three identified as Hispanic/Latino, one
as American Indian or Alaska Native,
and one as Asian. Prior to enrollment,
40% of participants were taking a for-
mulation of glargine U100 at baseline;
32% were taking insulin degludec, and
the rest were on insulin detemir or glar-
gine U300. During travel, the average
dose of basal insulin was similar com-
paring both insulins (21.7 ± 11.3 units
on insulin degludec and 23.2 ± 10.8 units
on glargine U100, P = NS). The regimen
advised for insulin degludec used a sim-

plified dosing regimen (see above). For
glargine U100, the suggested regimen
was based on the travel algorithm from

Pinsker et al (20). People with type 1 dia-
betes on oral antidiabetic agents or
inhaled insulin were excluded from the
study. Bolus doses of rapid-acting insulin
and correction factors were determined
before travel started and did not change
during travel.

Overall, participants had generally healthy
behaviors, attitudes, and beliefs about hypo-
glycemia, with a Gold (10) score of 2.0 ±
1.2, a score of 36.6 ± 18.1 on the Fear of
Hypoglycemia scale (11), and scored
between “moderate” and “very confident”
at managing hypoglycemia on the Behav-
ioral Health Institute’s Hypoglycemic Confi-
dence Scale (12).

Table 1 shows the primary end point,
defined as percentage TIR of 70–140
mg/dL during the initial 24 h local time
(starting within 2 h after arriving) in
New York after flying 9–10 h eastward
(from Honolulu, HI), and after the
return journey from New York to Hono-
lulu (flying westward). The secondary
end points are percentage TIR 70–180
mg/dL, percentage time <70 mg/dL,
percentage time >180 mg/dL, glycemic
variability by coefficient of variation (CV,
%), and mean glucose (mg/dL). Table 2
shows CGM outcomes during flight.
Overall, neither group achieved the
default recommended time in target of
>70% TIR 70–180 mg/dL while flying.
Table 3 gives the TIR metrics after each
long-haul flight and during 72 h at each
destination.

The CGM value at 6 A.M. (± 10 min) on
the day after arrival at each destination
was used as a surrogate for fasting glu-
cose. The mean 6 A.M. glucose in the insu-
lin degludec arm was 143 ± 80 mg/dL
after eastward travel and 137 ± 60 mg/dL
after westward travel. In the glargine
U100 arm, the mean 6 A.M. glucose value
was 137 ± 60 mg/dL after eastward travel
and 140 ± 79 mg/dL after westward
travel. There were no statistically signifi-
cant differences between fasting glucose
levels.

Jet Lag and Fatigue
Participants completed the Liverpool Jet-
Lag questionnaire (15) at specified time
points per the questionnaire instructions.
Jet lag was rated on a 0–10 scale (insignif-
icant jet lag to very bad jet lag), and
fatigue was rated on a scale of �5 to 15
(more fatigue to less fatigue).

Total timetime in range=hypoglycemia=hyperglycemia

Total time
� 100
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Eastward

After 24 h at the destination, jet lag in
NYC was significantly different (2.5 ± 2.6
on insulin degludec vs. 4.1 ± 2.8 on glar-
gine U100, P = 0.002). In contrast,
scores for fatigue were similar. After 48
h at the destination, jet lag was still sig-
nificantly different comparing insulin
degludec with glargine U100 (1.6 ± 2.7
on insulin degludec vs. 3.8 ± 3.4 on glar-
gine U100, P = 0.003). Fatigue was not
different comparing insulins.

Westward

Comparing basal insulins, there were no
significant differences for jet lag or
fatigue on the postwestward travel
period after 24 h at the destination.
After 48 h at the destination, jet lag
was not significantly different, whereas
participants reported more fatigue using
glargine U100 compared with insulin
degludec, (�0.7 ± 2.4 vs. 3.5 ± 2.9,
respectively; P # 0.001).
Comparing direction of travel (east-

ward vs. westward), there was no differ-
ence for jet lag at 24 h or 48 h. Fatigue
was significantly greater for westward
travel at 24 h (0.2 ± 2.2 vs. �1.5 ± 2.1,
P # 0.001) but not after 48 h.

Sleep
No difference between basal insulins was
found for any objective sleep variable in
NYC or in HNL (Supplementary Table 1).
Total sleep time and sleep efficiency were
significantly different between NYC and
HNL, with longer sleep (median [IQR] 489
[390, 572] vs. 398 [337, 422] minutes,
P < 0.001) and more efficient sleep (92%
[90, 95] vs. 89% [86, 94], P < 0.05) after
west to east travel.

CONCLUSIONS

For people with type 1 diabetes plan-
ning travel, recommendations for diabe-
tes management during air travel are
based mostly on expert opinion with
limited consensus on insulin adjustment
protocols (21). As use of CGM systems
for type 1 diabetes expands, a number
of metrics have been suggested for
interpreting the glucose profiles pro-
vided by CGM systems. These include
TIR between 70 and 180 mg/dL with
the target of at least 70% of the time
each day within this range (19). How-
ever, there are no data to determine
whether these remain realistic in certain
situations such as long-distance travel.

In this study of adults with type 1 diabe-
tes using MDIs of insulin and flying
across multiple time zones, achieving
this metric proved to be elusive. Fur-
thermore, other established metrics,
including average glucose, glucose vari-
ability, and time above or below this
range, were also very difficult to
achieve at all stages of the journey. In
addition, we found no significant differ-
ences in these glycemic outcomes com-
paring insulin degludec with glargine
U100 as the basal insulin for long-haul
travel.

This pilot study provides further evi-
dence that long-distance flying while
taking multiple injections of insulin can
be challenging. In this study, in addition
to not meeting recommended guide-
lines for achieving a percentage of TIR
between 70 and 140 or 70–180 mg/dL
during a long-haul flight and at each
destination, participants also spent up
to a third of their travel with glucose
levels >180 mg/dL and 8–10% of the
time in hypoglycemia (<70 mg/dL). Jet-
lag was significantly greater on glargine
U100 compared with degludec after fly-
ing west to east after 24 h and after 48
h at the destination. Fatigue was greater

Table 1—Primary and secondary end points—TIR during the initial 24 h

Initial 24 h after eastward long-haul travel Initial 24 h after westward long-haul travel

Glycemic targets for CGM Degludec (n = 21) Glargine (n = 20) P Degludec (n = 20) Glargine (n = 20) P

TIR 70–140 mg/dL (%) 36.3 ± 22.2 45.6 ± 21.1 NS 37.2 ± 22.2 43.9 ± 20.0 NS

TIR 70–180 mg/dL (%) 55.0 ± 21.7 62.3 ± 19.3 NS 54.5 ± 24.7 61.2 ± 24.7 NS

Time below range <70 mg/dL (%) 8.4 ± 8.5 11.1 ± 12.3 NS 9.2 ± 8.8 7.9 ± 9.4 NS

Time above range >180 mg/dL (%) 36.6 ± 25.2 26.7 ± 17.7 NS 31.9 ± 23.8 30.8 ± 25.2 NS

Glycemic variability (CV, %) 36.4 ± 9.4 41.4 ± 14.7 NS 36.3 ± 13.6 38.8 ± 10.4 NS

Glucose (mg/dL) 160.8 ± 47.8 145.5 ± 36.0 NS 151.4 ± 43.7 154.8 ± 41.3 NS

Data are mean ± SD.

Table 2—In-flight glycemic control by direction of travel and basal insulin type

In-flight glycemic control during eastward travel* In-flight glycemic control during westward travel*

Glycemic targets for CGM Degludec (n = 20) Glargine (n = 20) P Degludec (n = 21) Glargine (n = 20) P

TIR 70–140 mg/dL (%) 27.3 ± 22.2 41.1 ± 28.9 NS 40.7 ± 27.4 44.1 ± 27.0 NS

TIR 70–180 mg/dL (%) 50.5 ± 24.0 58.9 ± 30.8 NS 65.1 ± 23.6 64.0 ± 21.0 NS

Time below range <70 mg/dL (%) 9.9 ± 21.5 8.9 ± 13.5 NS 4.1 ± 7.3 9.9 ± 12.9 NS

Time above range >180 mg/dL (%) 39.5 ± 27.9 32.3 ± 31.5 NS 30.8 ± 25.4 26.0 ± 23.5 NS

Glycemic variability (CV, %) 30.6 ± 15.9 31.0 ± 14.0 NS 28.2 ± 8.4 33.7 ± 10.1 NS

Glucose (mg/dL) 166.3 ± 55.2 158.8 ± 58.9 NS 157.0 ± 37.5 146.1 ± 52.3 NS

Data are mean ± SD. *Flight time eastward was �9.5 h and westward was �11 h, calculated from gate to gate times.
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after flying in the opposite direction with
glargine U100.

With the introduction of insulin deglu-
dec as a basal insulin for type 1 diabetes
and the opportunity to vary time of injec-
tion between 8 and 40 h, theoretically,
insulin degludec as a basal insulin could
make it easier for both people living with
type 1 diabetes and clinicians to plan
long-haul travel compared with the use
of existing basal insulins when crossing
multiple time zones as the latter requires
complex adjustments to dose and timing
based on the direction of travel. Although
algorithms are available to help, this pro-
cess can be time consuming for both the
clinician and the person with diabetes.

Travelers, clinicians, and diabetes educa-
tors have few resources for evidence-
based recommendations for insulin admin-
istration across multiple time zones.
Available sources of information include
publications targeting physicians and scien-
tific researchers, online articles providing
generalized tips (transportation and stor-
age of supplies, suggested immunizations,
diet regimens to follow, optimizing insulin
dose modification across time zones) and
free electronic dosage calculators (22–24).
For the most part, these guidelines are
overly complicated with medical jargon
and complex tables describing insulin dos-
ing adjustments. Previously, we reported
the real-life experiences of individuals trav-
eling long-haul with type 1 diabetes (20).
In an on-line survey of 503 members of the
T1D Exchange, 71% of participants had flown
long-haul over the previous 5 years. When
asked about their perceived “fear of flying,”
respondents using continuous subcutaneous
infusions of insulin, with and without a CGM,
reported their primary anxiety was “losing
supplies,” while those who did not use
continuous subcutaneous infusions of

insulin described concerns over “unstable
blood glucose (highs and lows).” In addi-
tion, almost three-quarters of participants
reported more hypoglycemia and/or hyper-
glycemia while traveling overseas, and 9%
had avoided international travel altogether
because of problems related to diabetes
management. Furthermore, 37% reported
inadequate attention in current sources of
information to the unpredictability of self-
management needs while traveling (20).
It remains to be determined whether gly-
cemic control can be improved and jet
lag attenuated during long-haul travel
using a hybrid or fully automated closed-
loop system.

There have been no formal compari-
sons of different insulin delivery systems
to support travel and type 1 diabetes.
Similarly, comparisons between differ-
ent glucose monitoring systems at alti-
tude and across multiple time zones
have also not been performed. In this
study, we assumed that the CGM device
performance would be similar in a pres-
surized aircraft cabin compared with a
lower altitude; this is based on previous
research with blood glucose meters using
glucose oxidase- and glucose dehydroge-
nase-based systems (25). Here, partici-
pants were given free range to adjust the
dose of mealtime rapid-acting insulin
given by injection. Changes in pressure
experienced during a flight have been
reported to impact insulin delivery during
takeoff and landing (26). With the intro-
duction of smart insulin pens providing
data on the dose and timing of an insulin
injection, it is unclear whether this tech-
nology can also be used to reduce the
burden of travel for individuals with type
1 diabetes.

Jet lag and fatigue during travel across
multiple time zones are thought to arise

due to a disruption between the local
time and the body’s endogenous time
clock. Determinants of the degree of jet
lag and fatigue during travel may depend
on several factors, such as sex, age, and
chronotype (morning vs. evening types)
(15). For our travelers, jet lag was worse
after eastward travel using glargine U100,
which may have been due to the time
intensiveness and concentration needed
for calculations and timing of insulin injec-
tions. The difficulty of using the insulins
was not measured and would have con-
tributed to a better understanding of jet
lag and fatigue. Overall, fatigue was
much worse traveling east to west
regardless of insulin.

There are a number of limitations to
be considered. As this was a pilot study
with a small sample size, the likelihood
of a type II statistical error increases
when comparing basal insulins. We also
did not measure changes in circadian
rhythms, including the effect of time
zone changes on food preferences and
physical activity levels, which could
influence CGM profiles. In addition, sub-
jects did spend limited time in HI. It is
possible that as more time at that desti-
nation would have been needed to
reset circadian rhythms, jet lag and
other travel effects with eastward travel
reported here may have been smaller
than expected. Fear of hypoglycemia
was only measured at baseline, and
whether travel and in-flight experience
could impact this is unclear. Also
unclear is whether the negative effects
of travel on CGM profiles were a conse-
quence of the flight time, direction, and
duration of travel independent from the
number of time zones crossed. Another
limitation is the stopping of the study
due to the coronavirus disease 2019

Table 3—TIR during 72 h at each destination

72 h after eastward long-haul travel 72 h after westward long-haul travel

Glycemic targets for CGM Degludec (n = 21) Glargine (n = 20) P Degludec (n = 21) Glargine (n = 21) P

TIR 70–140 mg/dL (%) 40.1 ± 19.0 44.2 ± 18.9 NS 35.7 ± 19.0 40.8 ± 18.5 NS

TIR 70–180 mg/dL (%) 58.3 ± 18.8 62.0 ± 16.2 NS 56.7 ± 18.8 59.2 ± 23.0 NS

Time below range <70 mg/dL (%) 10.0 ± 9.6 10.5 ± 8.6 NS 8.4 ± 6.8 8.2 ± 6.9 NS

Time above range >180 mg/dL (%) 31.7 ± 21.3 27.6 ± 17.2 NS 34.9 ± 21.9 32.7 ± 23.1 NS

Glycemic variability (CV, %) 39.9 ± 9.3 41.0 ± 10.8 NS 38.6 ± 7.4 39.5 ± 9.3 NS

Glucose (mg/dL) 154.3 ± 43.8 147.6 ± 34.0 NS 160.4 ± 35.4 156.3 ± 34.6 NS

Data are mean ± SD.
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pandemic, and we could not replace par-
ticipants who did not complete all travel.
Nevertheless, traveling with insulin

has been a neglected topic among the
research community but is an important
real-world consideration for people with
diabetes and their families. There is
clearly a need to investigate further the
potential for developing evidence-based
recommendations using existing glucose
monitoring systems and insulin delivery
devices and to examine the potential
for added value with the introduction of
new technologies and therapies. Even
more importantly, there is a need to
better understand the personal burdens
associated with travel and insulin and
to develop novel approaches to reduce
these burdens.
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