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Abstract

Background: Pregnancies in type 1 diabetes are high risk, and data in the United States are limited regarding
continuous glucose monitoring (CGM)-based hypoglycemia throughout pregnancy while on sensor-augmented
insulin pump therapy.
Materials and Methods: Pregnant women with type 1 diabetes in the LOIS-P Study (Longitudinal Observation of
Insulin use and glucose Sensor metrics in Pregnant women with type 1 diabetes using continuous glucose monitors
and insulin pumps) were enrolled before 17 weeks gestation at three U.S. centers and we used their personal insulin
pump and a study Dexcom G6 CGM. We analyzed data of 25 pregnant women for CGM hypoglycemia based on
international consensus guidelines for percentage time <63 and 54 mg/dL, hypoglycemic events and prolonged
hypoglycemia events for 24-h, daytime, and overnight periods, and severe hypoglycemia (SH) episodes.
Results: For a 24-h period, biweekly median percentage of time <63 mg/dL ranged from 0.8% at biweek 4–5
to 3.7% at biweek 14–15 with high variability throughout pregnancy. Median percentage of time <63 and
54 mg/dL was higher overnight than daytime (P < 0.01). Hypoglycemic events occurred throughout the preg-
nancy, ranged 1–4 events per 2 weeks, significantly decreased after the 20th week, and occurred predominantly
during daytime (P < 0.01). For overnight period, hypoglycemia and events were more concentrated from 12 to
3 am. Seven prolonged hypoglycemia events without any associated SH occurred in four participants (16%),
primarily overnight. Three participants experienced a single episode of SH.
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Conclusions: Our results suggest a higher overall risk of hypoglycemia throughout pregnancy during the
overnight period with continued daytime risk of hypoglycemic events in pregnancies complicated by type 1
diabetes.

Keywords: Pregnancy, Type 1 diabetes, Hypoglycemia, Prolonged hypoglycemia, Continuous glucose
monitoring.

Introduction

Pregnancy in women with pre-existing type 1 dia-
betes is associated with increased risk of maternal and

fetal complications.1–5 Stringent control of blood glucose
levels has been demonstrated to reduce the risk of adverse
maternal and fetal events,6–8 and various stakeholder sub-
specialty organizations have proposed tight glycemic con-
trol targets to improve maternal and fetal outcomes.9–12

With current technology, achieving strict glycemic control
increases the risk of hypoglycemia as a result of decreasing
hyperglycemia.

Glucose targets were initially recommended based on
fingerstick testing without significant experience with and
analysis of continuous glucose monitoring (CGM) data.9–12

A recent international consensus CGM target statement pro-
poses >70% time in range (TIR) of 63–140 mg/dL during
pregnancy in women with type 1 diabetes.13 Before the
recommendations of these CGM targets, the multicenter
CONCEPTT study, which evaluated glucose variability in
patients randomized to capillary glucose monitoring with
or without CGM (Guardian Real time or MiniMed Minilink
system) use, demonstrated clinical benefits and safety of
CGM use.6 Pregnant CGM users spent more time in
pregnancy-specific target range (68% vs. 61%) and less time
in hyperglycemic range (27% vs. 32%) and hypoglycemic
range (<70 mg/dL, 3% vs. 4%) than pregnant control type
1 diabetes participants, with comparable severe hypoglyce-
mia (SH) episodes (18 in CGM and 21 in control cohorts
respectively). CGM use in CONCEPTT also improved neo-
natal outcomes along with lowering glycated hemoglobin
(HbA1c) at 34 weeks gestation.

In a longitudinal study utilizing intermittent continuous
glucose monitoring (iCGM; Freestyle Libre) and real-time
continuous glucose monitoring (rtCGM; with Dexcom G4)
in pregnant women with type 1 diabetes, Kristensen et al.
reported that elevated mean glucose levels, less time in target
range, and increased glucose variability were associated with
large for gestational age babies and adverse neonatal out-
comes.14 Participants using rtCGM throughout pregnancy
spent less time below target range: particularly in the second
and third trimester compared with iCGM users. rtCGM
technology provides real-time glucose readings, alerts, and
insight into current glucose control, permitting users to
respond to unacceptable glycemic changes or trends in real
time.

With further maturation of diabetes technology and the
continued need to lessen the burden for pregnant women with
type 1 diabetes, we used the most advanced rtCGM (Dexcom
G6) prospectively at three clinical centers in the United States
from enrollment at <17 weeks gestation through the end of
pregnancy as part of a longitudinal observation of insulin

use and CGM metrics in pregnant women with type 1 diabe-
tes (LOIS-P study).15 The Dexcom G6 CGM provides high
accuracy with a mean absolute relative difference <10%,
factory calibration, 10-day wear, and no acetaminophen
interference. Thus, it has several advantages over the CGM
used in CONCEPTT and Kristensen et al. studies.14 A recent
study done by Castorino et al. established accuracy and safety
of Dexcom G6 CGM system use in pregnant women with
diabetes.16 In this article, we report our findings for hypo-
glycemia based on several current definitions for CGM data
during pregnancy to comprehensively assess the burden of
hypoglycemia in pregnancies with type 1 diabetes.

Materials and Methods

The study was conducted at Mayo Clinic, Rochester, MN,
Sansum Diabetes Research Institute, Santa Barbara, CA, and
the Icahn School of Medicine at Mount Sinai, NY, after
central institutional review board (Mayo Foundation) appro-
val. Written informed consent was obtained from all partic-
ipants before enrollment.

Study population

At three U.S. centers, we prospectively evaluated and
report on 25 completed pregnancies utilizing study Dexcom
G6 continuous glucose monitor (Dexcom, Inc., San Diego,
CA) and their personal insulin pump with enrollment in the
LOIS-P study.15 This is a secondary analysis with detailed
inclusion and exclusion criteria of this study mentioned under
the LOIS-P study.15

Pregnant women with a history of type 1 diabetes for at
least a year were enrolled before 17 weeks gestational age.
Participants were contacted regularly through scheduled
follow-up visits either in person or on the telephone until the
last postpartum visit. CGM and blood glucose meter data
were downloaded regularly along with personal insulin pump
data for analysis.15

Statistical analyses

This is a secondary analysis of LOIS-P article that has
provided analyses of CGM metrics, insulin use, and carbo-
hydrate intake data across the same participants. The result
of the LOIS-P article demonstrated changing patterns of
CGM, TIR, time above range, and time below range during
pregnancy. The time below range (<63 mg/dL) was 3% – 3%
in the LOIS-P study. There are limited studies available in
the field that describe the risk of hypoglycemia throughout
pregnancy.

Hence, this article focuses on CGM-based hypoglycemia,
hypoglycemic events, and prolonged hypoglycemic events
to assess the burden of hypoglycemia in pregnancies with
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type 1 diabetes in this closely followed sensor-augmented
insulin pump (SAP) cohort.15 To quantify hypoglycemia,
we evaluated CGM data biweekly (per group per 2 weeks)
throughout pregnancy using the following metrics as recom-
mended by International Consensus on CGM reporting for
three time blocks: 24 h, daytime, and nighttime.13,17

� Percentage time CGM glucose <63and <54 mg/dL.
� Number of hypoglycemic events defined as CGM glu-

cose of <54 mg/dL for at least three consecutive mea-
surements (‡15 min) followed by three consecutive
readings ‡70 mg/dL.

� Number of prolonged hypoglycemic events defined by
CGM glucose of <54 mg/dL for at least 24 consecutive
measurements (‡120 min) followed by at least three
consecutive readings (‡15 min) ‡70 mg/dL.

� SH episodes were also reported and defined as cogni-
tive impairment requiring active assistance from a third
party for recovery.

Consecutive events were defined by taking runs of CGM
data that were separated by no more than 10 min. For exam-
ple, measurements recorded at 5:00 and 5:05 pm would be
considered consecutive while measurements at 5:00 and
5:11 pm with a glucose value missing in between would not
be considered consecutive. Within each run of consecutive
CGM measurements, hypoglycemic events (15 consecutive
minutes) and prolonged events (120 consecutive minutes)
could be defined only after that respective amount of time
had lapsed.

After defining consecutive runs of measurements for each
patient, the measures above were summarized by predefined
daily time periods: (1) 24 h, (2) daytime (6 to 12 am), or (3)
overnight (12 to 6 am) using median and interquartile range
(IQR) for event counts or percentages every 2 gestational
weeks (14 days), starting at 4 to 5 weeks along with describ-
ing distribution of hypoglycemia hour by hour over the 24 h.
For the hour-by-hour description, we did not conduct statis-
tical significance testing. A biweekly data set is counted as
days 0 to 13, then days 14 to 27, and so on for every 2 weeks.

Values are presented as median (IQR) for quantitative
data. Linear mixed-effects model was used for percentage
under 63 and 54 mg/dL and generalized linear mixed effects
model with a Poisson regression for counts of events to
evaluate statistical significance of the change between ges-
tational age in biweek based on the reference gestational
biweek that was selected as 12 weeks 0 days to 13 weeks
6 days.15 Reference biweek 12–13 was chosen based on being
the earliest available time with >75% of the cohort repre-
sented to reduce the risk of higher bias due to the small
sample size and the potential in early pregnancy of rapid
dosing adjustments after the confirmation of pregnancy to
improve glycemic control.

In addition, the end of the first trimester has been described
as a relatively stable interval in previous literature.18–20 This
method accounts for multiple measurements per person by
using a random effect for patient and accurately model the
zero-heavy nature of data.21–23 Locally weighted scatterplot
smoothing (LOESS) was used to visually demonstrate tem-
poral hypoglycemic trends. A P value of <0.05 was consid-
ered statistically significant. Comparisons between biweeks
are summarized for each measure of hypoglycemia and come
from a single mixed effects model without P value adjust-

ment. The reference level biweek (weeks 12 and 13) was
chosen before analysis (justified above). All analyses were
performed in R v4.0.3 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

We report data from 25 pregnant women with type 1 dia-
betes with mean age of 30.2 – 4.8 years and enrollment
HbA1c of 6.6% – 0.9% (for further demographics see Sup-
plementary Table S1). Gestational weeks at enrollment and
delivery were 11.2 – 3.9 and 37.7 – 1.6, respectively. As par-
ticipants were enrolled at variable gestational ages, the valid
data set (CGM data for >20 h within each 24-h period) available
after 14–15 weeks was greater than that for earlier weeks.

CGM glycemic metrics: percentage time below targets

Biweekly: percentage time <63 and <54 mg/dL (Fig. 1)

Twenty-four-hour period: The median percentage of time
CGM glucose <63 and 54 mg/dL is presented in Table 1.
A significant decrease in median percentage of time <63 mg/dL
was seen during gestational biweek 26–27 (1.5%, P = 0.01),
28–29 (1.3%, P = 0.04), and 32–33 (1.3%, P = 0.03) com-
pared with the reference biweek 12–13 (2.3%). A significant
decrease in median percentage time <54 mg/dL was seen
during gestational biweek 26–27 (0.12%, P = 0.01) and 32–
33 (0.2%, P = 0.04) compared with reference biweek (0.9%)
(Fig. 1).

Overnight (12–6 am) versus daytime (6–12 am) (Fig. 1):
Throughout the study, participants spent an average of 1.36%
more time <63 mg/dL (P < 0.01) and 0.78% more time
<54 mg/dL (P < 0.01) overnight compared with daytime
(Supplementary Table S2).

For the overnight period, there was no significant change
in median percentage time <63 or 54 mg/dL across the preg-
nancy compared with the reference biweek (Table 1). Day-
time biweekly median percentage time <63 mg/dL was
significantly decreased during biweeks 22–23 and 26 weeks
onward with exceptions of biweeks 34–35 and 38–39 com-
pared with the reference biweek. Biweekly median percent-
age time <54 mg/dL was significantly decreased for 22–23,
26–27, 30–31, and 32–33 gestational biweeks compared
with the reference biweek (Table 1).

Percentage of time CGM glucose <63 and 54 mg/dL by
time of day: For percentage of time <63 mg/dL, more time
was spent <63 mg/dL during early overnight period (12–3 am),
and during daytime, it was more prominent between 4 and
7 pm than the rest of the day. For percentage time <54 mg/dL,
more time was spent <54 mg/dL during early hour of the
overnight period too and was similar during the daytime
(Fig. 2).

CGM glycemic metrics: biweekly hypoglycemic events

Hypoglycemic event: <54 mg/dL with three consecutive read-
ings (‡15 min) followed by three consecutive readings ‡70 mg/
dL (Fig. 3)

Twenty-four-hour period (Fig. 3): The median events per
24-h period per biweek ranged from one to four events
(Table 2). Hypoglycemic events significantly decreased for
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biweek 6–7 and for all weeks after 20–21 weeks (Table 2).
Mean duration of hypoglycemic events is shown in Supple-
mentary Table S3.

Overnight (12–6 am) and daytime (6–12 am) (Fig. 3):
Throughout the study period, participants experienced an
average of 0.13 more hypoglycemic events during day-
time (P < 0.01) compared with overnight (Supplementary
Table S2).

Daytime hypoglycemic events decreased significantly
for biweek 6–7 and after biweek 18–19 through the end of
the pregnancy. There was no significant change in overnight
events except for biweek 26–27 that had a lower number of

events compared with the reference biweek (Table 2). Mean
duration of hypoglycemic events during daytime and over-
night is shown in Supplementary Table S3.

Every participant in the study had hypoglycemic events
(Supplementary Table S4). Four participants were enrolled at
the beginning of the second trimester; hence there are no data
for four enrollees during the first trimester. All the partici-
pants experienced hypoglycemic events in the second tri-
mester, whereas 95% of participants had these events in the
first and third trimesters. Median number of hypoglycemic
events per patient per biweek in each trimester is given in
Supplementary Table S5 and decreased significantly by the
third trimester.

FIG. 1. Median percentage of time (IQR) <63 and 54 mg/dL biweekly (24 h, 18 h [6–12 am], and 6 h [12–6 am] time
blocks). Participants spent more percentage time <63 and 54 mg/dL overnight (12–6 am) compared with daytime (6–12 am).
LOESS spline (red color) curve goes through the mean. Kindly note the LOESS spline line does not extend all the way left
to some of the biweeks. This is because the spline cannot estimate the actual curve with so few patients. IQR, interquartile
range; LOESS, (Locally weighted scatterplot smoothing) is a nonparametric technique that uses local weighted regression to
fit a smooth curve through points in a scatter plot, that help to see relationship between variables and foresee trends.
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Hypoglycemic events by time of day: During the overnight
period, more hypoglycemic events were seen during the early
hours between 12 and 3 am than between 3 and 6 am. During
the daytime, more events were seen around 11–12 pm, 3 to
8 pm, and at 11 pm (Fig. 4).

Prolonged hypoglycemic event: <54 mg/dL for ‡120 con-
secutive minutes followed by three consecutive readings
‡70 mg/dL (Table 3)

A total of 18 prolonged hypoglycemia events were ob-
served throughout pregnancy in four participants. Of those,
11 events were artifactual due to positional effect as there was
no clinical hypoglycemia experienced by the participant, and
there was an increase in glucose on CGM without any car-
bohydrate intake (patient self-report during clinical encoun-
ter) or decrease in insulin delivery, whereas 7 were confirmed
hypoglycemic events. For analysis, we have removed the 11
artifactual events and analyzed the 7 confirmed prolonged
hypoglycemic events (Table 3). Maximum prolonged hypo-
glycemic events occurred during biweeks 18–19 (two
events). Most prolonged hypoglycemic events were observed
overnight (a total of six events from three participants)
compared with daytime (one event from one participant).
Mean duration of prolonged hypoglycemic events during
daytime and overnight is shown in Supplementary Table S6.
These values are the average per biweekly per patient.

Severe hypoglycemia

We report three episodes of SH in our study, of which two
episodes were seizures with loss of consciousness, and all
requiring treatment by emergency room staff. The first par-
ticipant was in the second trimester and suspended basal in-
sulin for 1 h without resolution of the event and experienced a
seizure. The second participant was in the third trimester,
ingested oral carbohydrate without resolution of hypoglyce-
mia and had a seizure. The third participant was in the first
trimester and had SH due to nausea and vomiting, prohibiting
adequate oral intake after a mealtime insulin bolus.

Discussion

In this multicenter prospective observational study, we
report hypoglycemia data in pregnancies with pre-existing
type 1 diabetes based on the Dexcom G6 CGM. We report
CGM-based percentage time in hypoglycemia, hypoglyce-
mic events, and prolonged hypoglycemic events in three time
blocks for each 2-week gestational age throughout preg-
nancy. Our study shows more hypoglycemic events through-
out pregnancy and occurred during daytime. However,
participants spent higher percentage of time in hypoglyce-
mia and more prolonged hypoglycemia overnight. Our data
contribute to the existing literature with analyses of hypo-
glycemia occurrences by advancing gestation in intervals as
frequent as biweekly by presenting biweekly estimates.

FIG. 2. Median percentage of time (IQR) CGM glucose <63 and 54 mg/dL by time of day. LOESS spline (red color)
curve goes through the mean. CGM, continuous glucose monitoring.
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Prior studies report CGM data for >4-week intervals
except for Kristensen et al. who report data in 2-week blocks.14

Kristensen et al. showed percentage time above goal (>4% as
per consensus guidelines)13 for <63 mg/dL starting around
week 9 and stayed above goal throughout pregnancy in
rtCGM users in comparison with iCGM users where it started
as early as gestational weeks 1 to 4.14 Participants on rtCGM
spent less time below target compared with iCGM users;
however, it was still above the recommended consensus per-
centage (first and second trimester, 7%; third trimester, 6%).

Kristensen et al. report data overall (24 h) throughout
pregnancy but did not provide details for distribution of
hypoglycemia burden overnight or daytime. Feig et al.6 and
Murphy et al.24 are two significant studies in the field that
report hypoglycemia data along with overall data in preg-
nancies with type 1 diabetes. However, these studies predate
the international consensus guidelines and report data dif-
ferently. Therefore, we cannot compare our data with these
pioneering previous studies. In addition, by using the updated
consensus guidelines, we facilitate comparison of our results
with future studies that also would probably use the most
updated guidelines.

In our study, overnight hypoglycemia (<63 and <54 mg/
dL) was present throughout pregnancy with high variability
between participants and did not significantly increase or
decrease in comparison with reference week. Participants

clearly experience more hypoglycemia overnight with high
variability in the percentage of hypoglycemia, in particular,
this hypoglycemia is more common during the early hours
of the overnight period between 12 and 3 am compared
with the latter half of the overnight block. This could be
related to timing of food intake including bedtime snacks.
A second explanation could be need for more frequent over-
night basal adjustment than was clinically performed during
this observational study.

Hypoglycemic events occurred throughout the pregnancy
with median events varying from of one to four events bi-
weekly in the 24-h period in our study. These events
decreased significantly for biweeks 18–19 onward com-
pared with the reference biweek. Most hypoglycemic events
occurred during daytime compared with the overnight period
and decreased significantly for biweeks 18–19 onward as
well. Overnight hypoglycemic events were more concen-
trated during the early hours between 12 and 3 am. During
daytime, these events were highly concentrated between 11
and 12, 3 and 8 pm, and at 11 pm. Hypoglycemia between 12
and 3 am could be due to evening meal-related insulin bolus
with a potential simultaneous circadian decrease in cortisol
levels, leading to increase in insulin sensitivity. During
daytime, late morning and afternoon hypoglycemia are likely
due to aggressive breakfast and lunch bolus insulin dosing.
High insulin sensitivity is seen during the afternoon period

Table 2. Biweekly: Hypoglycemic Events Per Participant for Each 2-Week Block During Pregnancy

Hypoglycemic eventsa per patient

Gestational week N

24 h Overnight (12–6 am) Daytime (6–12 am)

Median (IQR) P Median (IQR) P Median (IQR) P

First trimester
4–5 3 0 (0, 0.5) 0.09 0 (0, 0) 0.94 0 (0, 0.5) 0.13
6–7 7 1 (0, 2.5) <0.001{ 0 (0, 1) 0.37 1 (0, 1.5) <0.001{

8–9 8 3 (2, 9) 0.37 0.5 (0, 2.2) 0.69 2 (1, 7.5) 0.39
10–11 11 4 (2.5, 4.5) 0.72 1 (0, 1.5) 0.27 3 (1, 4) 0.28
12–13x 19 4 (1.5, 6) — 1 (0, 2) — 3 (1.5, 5) —

Second trimester
14–15 24 1.5 (0.8, 9) 0.68 0.5 (0, 2) 0.78 1.5 (0, 5.5) 0.53
16–17 25 4 (2, 7) 0.56 0 (0, 2) 0.86 3 (1, 7) 0.47
18–19 25 3 (0, 6) 0.35 0 (0, 1) 0.34 2 (0, 5) 0.56
20–21 25 3 (1, 4) 0.04{ 1 (0, 2) 0.85 1 (0, 3) 0.01{

22–23 25 3 (1, 4) <0.001{ 1 (0, 2) 0.27 1 (0, 4) <0.001{

24–25 25 2 (1, 5) 0.01{ 1 (0, 1) 0.09 1 (0, 4) 0.02{

26–27 25 1 (0, 3) <0.001{ 0 (0, 1) 0.01{ 0 (0, 3) <0.001{

Third trimester
28–29 25 2 (0, 3) <0.001{ 0 (0, 1) 0.09 1 (0, 2) <0.001{

30–31 25 3 (0, 5) <0.001{ 1 (0, 2) 0.85 1 (0, 4) <0.001{

32–33 24 1 (0, 3.2) <0.001{ 0 (0, 1) 0.38 0 (0, 1.2) <0.001{

34–35 24 2 (0.8, 5) 0.01{ 1 (0, 2.2) 0.66 1 (0, 2.2) 0.01{

36–37 20 1 (0, 4.8) <0.001{ 0 (0, 2) 0.48 1 (0, 3) <0.001{

38–39 12 2 (1, 6.2) <0.001{ 0 (0, 2) 0.07 2 (0.8, 5) <0.001{

aHypoglycemic events defined as CGM glucose of <54 mg/dL for at least three consecutive measurements (‡15 min) followed by three
consecutive readings ‡70 mg/dL.

Results are given as median (IQR) for quantitative data.
N = number of participants biweekly.
Linear mixed-effects model was used to evaluate the statistical significance changes over gestation biweeks in comparison with the

reference gestational biweek (12 weeks 0 days to 13 weeks 6 days, indicated by symbol x). Statistical significance threshold of <0.05 is
indicated by symbol {.

CGM, continuous glucose monitoring.
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FIG. 3. Median hypoglycemic events (IQR) per patient for each 2-week block (CGM glucose <54 mg/dL for three
(‡15 min) consecutive readings) (24 h, 18 h [6–12 am], and 6 h [12–6 am] time blocks). Most hypoglycemic events were
observed during daytime (6–12 am) compared with overnight period (12–6 am). LOESS spline (red color) curve goes
through the mean. Kindly note the LOESS spline line does not extend all the way left to some of the biweeks. This is
because the spline cannot estimate the actual curve with so few patients.
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with a possible contribution to this from a decrease in cortisol
levels during this time (lowest cortisol concentrations are 1 h
after onset of sleep).25 The exact reason for these episodes
would require more analyses of meal carbohydrate and
physical activity.

We report prolonged hypoglycemic episodes in this study
with maximum prolonged hypoglycemic events occur-
ring during biweeks 18–19 and overnight. To our knowl-
edge, this is the first description of such events in pregnant
individuals with type 1 diabetes using the Dexcom G6

FIG. 4. Frequency of median hypoglycemic events (IQR) by time of day. LOESS spline (red color) curve goes through
the mean.

Table 3. Biweekly: Number of Prolonged Hypoglycemic Events During Pregnancy

Prolonged hypoglycemic eventsa

Gestational
week

No. of
participants

No. of participants who experienced
prolonged hypoglycemic events 24 h

Overnight
(12–6 am)

Daytime
(6 12 am)

First trimester
4–5 3 0 0 0 0
6–7 7 0 0 0 0
8–9 8 1 1 1 0
10–11 11 1 1 1 0
12–13 19 0 0 0 0

Second trimester
14–15 24 0 0 0 0
16–17 25 1 1 1 0
18–19 25 1 2 2 0
20–21 25 0 0 0 0
22–23 25 0 0 0 0
24–25 25 0 0 0 0
26–27 25 0 0 0 0

Third trimester
28–29 25 1 1 1 0
30–31 25 0 0 0 0
32–33 24 0 0 0 0
34–35 24 0 0 0 0
36–37 20 0 0 0 0
38–39 12 1 1 0 1

aProlonged hypoglycemic events defined as CGM glucose <54 mg/dL for ‡120 min followed by ‡70 mg/dL for 15 min.
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sensor. Although we only report confirmed prolonged hy-
poglycemic events, 61% of the total events were artifactual
and appeared to be associated with pressure on the CGM.
This highlights the importance of prospective studies
to evaluate the optimal site of CGM placement during
pregnancy.

Three participants (12%) had clinically SH in our study.
Surprisingly, the CGM was not helpful in these instances
and could have been impacted by factors that are not able
to be clearly elucidated in this observational study. It is not
evident that these events are specifically associated with
pregnancy-related metabolic changes. Since SH events could
happen in any individual with type 1 diabetes who endeavors
to achieve tight glucose control, it is not evident that these
events are specifically associated with pregnancy related
metabolic changes.

Our study has several strengths. With this prospectively
collected data set, we report percentage hypoglycemia data
per biweek based on the occurrence of a defined hypogly-
cemic event rather than absolute number of CGM data points
in the hypoglycemic range. This is less than overall percent-
age of time in hypoglycemic range daily eliminating drift
of CGM for <15 min into hypoglycemic range. We report
hypoglycemic events for each 2-week gestational age block
in the cohort using Dexcom G6 CGM, a useful reference for
this challenging issue in clinical practice. We report per-
centage hypoglycemia data per biweek based on the occur-
rence of a defined hypoglycemic event rather than absolute
number of CGM data points in the hypoglycemic range. This
is less than the overall percentage of time in hypoglycemic
range daily eliminating drift of CGM for <15 min into hy-
poglycemic range. We report hypoglycemic events for each
2-week gestational age block in the cohort, a useful reference
for this challenging issue in clinical practice.

Our study has a few limitations with one being the limited
number of enrolled participants. Also, CGM site location
varied among participants that may have impacted CGM
accuracy, and the site was not routinely available for each
10 days of sensor wear. In addition, it is difficult to un-
equivocally confirm or exclude CGM data reading in the
hypoglycemic range associated with sensor compression.
Therefore, variation in CGM glucose value due to positional
considerations is an important issue during pregnancy. Also,
there was substantially more variability in the percentage
under thresholds compared with events; this was due to errant
measurements that last a single observation or two obser-
vations and contribute to percentage below the threshold but
not to events. Furthermore, 95% of our participants were
Caucasian race that may limit our ability to generalize these
findings to other populations. We acknowledge that mean
HbA1c of 6.6% (range: 4.8%–8.9%) is lower than real-world
population data. Participants in prospective research studies
are generally in better health and may be more adherent than
the average patient population. Even with increased adoption
of CGM use during pregnancy, hypoglycemia is still a no-
table concern for clinical care during pregnancies compli-
cated by type 1 diabetes. We did not perform statistical
significance testing when we analyzed CGM hypoglycemic
events hour by hour since these analyses are exploratory.

The best current therapy in nonpregnant participants to
prevent hyperglycemia (>180 mg/dL) and hypoglycemia
(<70 mg/dL) is closed loop control (CLC).26,27 Even though

CLC systems are approved in the United States, no CLC
system is approved for use during pregnancy. A recent ran-
domized controlled crossover trial done by Stewart et al.,
using CLC for 4 weeks in type 1 diabetes pregnancy, showed
a significant decrease in hypoglycemia (<63 mg/dL: 1.6% vs.
2.7% and <50 mg/dL: 0.2% vs.0.5%) and less overnight time
<63 mg/dL with CLC compared with SAP therapy.28 This
finding signifies the importance of studying CLC use in preg-
nancies with type 1 diabetes. Our data further support the urgent
need to test the use of CLC systems to reduce the incidence of
hypoglycemia in an appropriate size sample of women with
type 1 diabetes during pregnancy.

Conclusions

Pregnant women with type 1 diabetes on SAP frequently
experience hypoglycemia and hypoglycemic events. Addi-
tional research is needed to further evaluate the risks, an ideal
location of CGM sites, as well as strategies to reduce hypo-
glycemia, such as CLC during pregnancies complicated by
type 1 diabetes.
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