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OBJECTIVEdTo assess whether intermittent real-time continuous glucose monitoring
(CGM) improves glycemic control and pregnancy outcome in unselected women with pregesta-
tional diabetes.

RESEARCHDESIGNANDMETHODSdA total of 123 women with type 1 diabetes and
31womenwith type 2 diabetes were randomized to use real-time CGM for 6 days at 8, 12, 21, 27,
and 33 weeks in addition to routine care, including self-monitored plasma glucose seven times
daily, or routine care only. To optimize glycemic control, real-time CGM readings were evaluated
by a diabetes caregiver. HbA1c, self-monitored plasma glucose, severe hypoglycemia, and preg-
nancy outcomes were recorded, with large-for-gestational-age infants as the primary outcome.

RESULTSdWomen assigned to real-time CGM (n = 79) had baseline HbA1c similar to that of
women in the control arm (n = 75) (median 6.6 [range 5.3–10.0] vs. 6.8% [5.3–10.7]; P = 0.67)
(49 [34–86] vs. 51 mmol/mol [34–93]). Forty-nine (64%) women used real-time CGM per
protocol. At 33 weeks, HbA1c (6.1 [5.1–7.8] vs. 6.1% [4.8–8.2]; P = 0.39) (43 [32–62] vs. 43
mmol/mol [29–66]) and self-monitored plasma glucose (6.2 [4.7–7.9] vs. 6.2 mmol/L [4.9–7.9];
P = 0.64) were comparable regardless of real-time CGM use, and a similar fraction of women had
experienced severe hypoglycemia (16 vs. 16%; P = 0.91). The prevalence of large-for-gestational-age
infants (45 vs. 34%; P = 0.19) and other perinatal outcomes were comparable between the arms.

CONCLUSIONSdIn this randomized trial, intermittent use of real-time CGM in pregnancy,
in addition to self-monitored plasma glucose seven times daily, did not improve glycemic control
or pregnancy outcome in women with pregestational diabetes.
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Pregnancy in women with pregesta-
tional diabetes is still associated with
adverse perinatal outcomes largely

attributed to maternal hyperglycemia, in-
cluding large-for-gestational-age infants,
preterm delivery, and perinatal morbidity
(1–4). Large-for-gestational-age infants to
mothers with diabetes are at increased
risk for birth trauma, transient tachypnea,
and neonatal hypoglycemia (5), and

maternal diabetes in pregnancy is associ-
ated with later-life morbidity in the off-
spring (6). The major barrier in the strive
for strict maternal glycemic control is the
risk of severe hypoglycemia (1), occurring
up to five times more frequently in early
pregnancy than in the period prior to preg-
nancy in women with type 1 diabetes (7).

Real-time continuous glucose moni-
toring (CGM) measures interstitial glucose

in an ongoing fashion and offers the pos-
sibility of hyper- and hypoglycemic alarms.
Studies of nonpregnant patients with type
1 diabetes indicate that real-time CGM
lowers HbA1c (8–19) and may reduce the
tendency to biochemical hypoglycemia (9).
Pregnant women with diabetes may also
profit from real-time CGM, but experience
is still limited (20–26). A randomized con-
trolled trial evaluating intermittent use of a
previous CGM system (not real-time) on
top of routine pregnancy care reported im-
proved glycemic control and a reduced risk
of large-for-gestational-age infants in the
intervention arm (27). Against this back-
ground, it is tempting to suggest that
women with pregestational diabetes
would benefit even more from the use of
real-time CGM in pregnancy.

In this investigator-driven trial, we
therefore aimed to assess whether inter-
mittent real-time CGM, as part of routine
pregnancy care, could improve maternal
glycemic control and pregnancy outcome
in an unselected cohort of women with
pregestational type 1 or type 2 diabetes.

RESEARCH DESIGN AND
METHODS

Patients
During the study period of 15 February
2009 to 15 February 2011, all Danish-
speaking pregnant women with pregesta-
tional diabetes referred to the Center
for Pregnant Women with Diabetes,
Rigshospitalet, before 14 completed gesta-
tional weeks with one living intrauterine
fetus (n = 222), were offered participation
in the study (Fig. 1). Patients were referred
from the Capital Region of Denmark and
Region Zealand, covering 2.4 million in-
habitants. Exclusion criteria were present
use of real-time CGM (n = 7), severemental
or psychiatric barriers (n = 4), diabetic ne-
phropathy (n = 3), or severe concurrent
comorbidity (one with severe psoriasis
and two with previous gastric bypass sur-
gery). If a woman hadmore than one preg-
nancy in the study period (n = 4), the
woman was only offered inclusion at
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first referral. Among eligible patients, a to-
tal of 123 (79%) women with type 1 di-
abetes and 31 (67%) women with type 2
diabetes were accepted to take part in the
study, of whom 79 (51%) women were
randomized to intermittent use of real-
time CGM in pregnancy in addition to
routine pregnancy care (see below). The
major reason for rejecting participation
was the possibility of real-time CGM
allocation.

The research protocol was approved
by the Danish National Committee on
Biomedical Research Ethics and the Dan-
ish Data Protection Agency. All eligible
women were invited at first pregnancy
visit. They were offered time to think it
through, often with their partner, before
accepting participation. Most women gave
written informed consent, were random-
ized, and had allocated intervention initi-
ated later the same day and at the latest
before 14 completed weeks. Many women
had been informed about the running
of the trial beforehand by their local
diabetologists, who had all received

written information. Information about
medications and pregnancy complications
was drawn from the hospital maternity
records.

Management of diabetes
in pregnancy
All women in both study arms followed
the routine pregnancy care program for
pregestational diabetes with antenatal
visits at our clinic at 8, 12, 21, 27, and
33 gestational weeks. Self-monitored
plasma glucose measurements were rec-
ommended seven times daily (before and
1.5 h after each main meal and at bed-
time), and diet and insulin doses were
adjusted by the women themselves every
third day and in collaboration with an
experienced diabetologist every second
week. Treatment goals for self-monitored
plasma glucose values were 4.0–6.0
mmol/L preprandially, 4.0–8.0 mmol/L
1.5 h postprandially, and 6.0–8.0 mmol/
L prebedtime. At single-standing pre-
prandial self-monitored plasma glucose
values .8.0 and .10.0 mmol/L ,

supplementary rapid-acting insulin was
recommended (1–2 and 2–4 insulin units
in the first half of pregnancy and thereafter
2–4 and 4–6 insulin units, respectively).
At self-monitored plasma glucose values
,4.0 mmol/L and/or mild hypoglycemia
(see below), supplementary carbohydrate
intake of ;20 g was recommended. For
HbA1c, the aim was ,5.6% (38 mmol/
mol) after 20 weeks (28). HbA1c was mea-
sured on a DCA 2000 analyzer by a latex
immunoagglutination inhibition method
(DCA 2000; Bayer,Mishawaka, IN). Blood
pressure was measured as formerly de-
scribed (25), and if .135/85 mmHg,
treatment was initiated (29). Elevated
urine albumin excretion was defined as
albumin-to-creatinine ratio $30 mg/mmol
in a random urine sample (25). Diabetic
retinopathy was diagnosed with retinal
photos at first pregnancy visit (30). Ob-
stetrical ultrasound scanning was per-
formed at all five routine visits and when
indicated (7). At first pregnancy visit, all
women had a dietitian appointment for
individual dietary planning following na-
tional guidelines for diabetes diet. Carbo-
hydrate counting was mainly used in
women on insulin pumps, and specific re-
cording of dietary data was not performed.
Women with BMI ,30 kg/m2 were ad-
vised to gain 10–15 kg in pregnancy,
whereas women with BMI .30 kg/m2

were advised to stay weight-neutral in
the first half of pregnancy and thereafter
to limit weight gain to 5 kg. All women
visited our clinic and/or their local diabe-
tes clinic at;2-week intervals throughout
pregnancy, at which time HbA1c, blood
pressure, weight, and urine examination
were registered.

Twenty-seven (22%) women with
type 1 diabetes were on insulin pump
therapy (mainly initiated before preg-
nancy) with rapid-acting insulin analogs.
Most of these women used insulin pumps
that could be connected to the prescribed
real-time CGM system. Themajority were
using the bolus calculator, but they did
not have the possibility of low glucose
suspend. Women with type 1 diabetes on
multiple daily injections were treated
with rapid- and long-acting insulin ana-
logs (n = 66), rapid-acting insulin analogs
with intermediate NPH insulin (n = 19),
human short-acting and intermediate
NPH insulin (n = 9), or human short-
acting insulin and long-acting insulin analog
(n = 2). All but one of 31 women with type
2 diabetes received insulin therapy in
pregnancy with insulin aspart mix (n =
14), intermediate NPH insulin combined

Figure 1dProgression of women through the trial. (A high-quality color representation of this
figure is available in the online issue.)
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with rapid-acting insulin analog or human
short-acting insulin (n = 12), or solely in-
termediate NPH insulin (n = 3) or rapid-
acting insulin analog (n = 1). Patients were
recommended to administer rapid-acting
insulin shortly before meals throughout
pregnancy. During labor and delivery, in-
travenous glucose infusion was given, and
if indicated, insulin was administered
subcutaneously. Self-monitored plasma
glucose measurements were performed
hourly, aiming for plasma glucose levels
of 4.0–7.0 mmol/L.

For study purpose, participants
were asked to perform eight daily self-
monitored plasma glucose measurements
for 6 days, includingmeasurements at 3 A.M.,

at study visits at 8, 12, 21, 27, and 33weeks.
Registration of self-monitored plasma glu-
cose values for study purpose was handled
as previously described (7,25). All women
were offered free use of a blood glucose me-
ter with corresponding test strips (Contour;
Bayer, Wakimachi, Japan). Results on
HbA1c and insulin doses were obtained at
all five study visits and shortly before deliv-
ery atmedian 36 (range 29–39)weeks.Mild
hypoglycemiawas defined as events familiar
to the patient as hypoglycemia and man-
aged by the patient, whereas severe hypo-
glycemiawas defined as self-reported events
with symptoms of hypoglycemia requiring
help from another person to actively admin-
ister oral carbohydrate or injection of glu-
cose or glucagon in order to restore normal
blood glucose level (7). Information onmild
and severe hypoglycemic events was ob-
tained in detailed questionnaires and struc-
tured interviews at all study visits and
shortly after delivery, as previously de-
scribed (7).

Other medications
During the study period, 30 women re-
ceived antihypertensive treatment, mainly
methyldopa (n = 27). Eight women were
treated with antidepressive medicinedsix
of them with selective serotonin reuptake
inhibitors. Thyroid dysfunction was
treated in 32 women with levothyroxine
(n=29), thiamazole (n=2),orpropylthioura-
cil (n = 1), resulting in normal thyroid
function in all women.

Randomization
A computer-generated randomization
program was used and treatment alloca-
tion was properly concealed using auto-
mated telephone allocation service
(Paravox) provided by an independent
organization. Participants were stratified
according to type of diabetes. Trained

research personnel (A.L.S. or project
nurse) provided the women with their
arm allocation.

Intervention
Participants in the intervention arm were
offered intermittent real-time CGM
(Guardian Real-time Continuous Glucose
Monitoring System with the Sof-Sensor;
Medtronic Minimed, Northridge, CA) for
6 days at the first pregnancy visit at 8
weeks and at 12, 21, 27 and 33 weeks, on
top of routine pregnancy care. The women
were encouraged to use real-time CGM
continuously, especially in cases of
hypoglycemia unawareness (7,24). Real-
time CGM was free of charge regardless of
number of monitoring periods. A small
number of women were only willing to
use real-time CGM for 3 days per monitor-
ing period, which was accepted. Blinded
real-time CGM was not performed in the
control arm.

At the first pregnancy visit, women
were allocated to intervention in which
they were educated in sensor insertion and
the maintenance of the system on a one-to-
one basis for 1 to 2 h by a trained diabetes
caregiver (A.L.S. or one of two project
nurses) (25). They were instructed to con-
tinue performing self-monitored plasma
glucose measurements as recommended
and to verify the accuracy of real-time
CGM glucose values with self-monitored
plasma glucose measurement before
making management decisions. At real-
time CGM alarms with subsequent
plasma glucose ,4.0 mmol/L, the
women were advised to supplement car-
bohydrate intake. Real-time CGM alarms
for hyperglycemia were tackled on an
individual basis, including physical
exercise like walking or supplemen-
tary rapid-acting insulin. All women
received a scheduled phone call the day
after initial sensor insertion. Patients
were encouraged to contact the clinic at
any time and were offered visits on week-
days other than those planned if conve-
nient. The majority of the women
preferred to have the sensor inserted in
the abdominal skin, but in late preg-
nancy, during labor or caesarean section,
some patients chose to insert the sensor
in the upper arm. At enrollment, all
women were advised to set the hypogly-
cemic alarm (mainly at 3.5 mmol/L)
(25). In order to limit excessive alarms,
it was in general recommended that pa-
tients deactivate the alarm for hypergly-
cemia, but the alarm was sometimes
set at the patient’s request (mainly at

10.0 mmol/L) (25). Throughout preg-
nancy, alarm limits were flexible, and pa-
tients were supported in individual alarm
settings. Shortly after each monitoring pe-
riod, downloaded real-time CGM data
were printed out, with hard copies given
to both the participants and health profes-
sionals. Each real-time CGM reading was
discussed with a diabetes caregiver (mainly
A.L.S., H.U.A., and E.R.M.) using locally
developed guidelines on how to interpret
real-time CGM readings in pregnancy
(Supplementary Fig. 1). The primary focus
was glycemic trends during nighttime with
emphasis on the prevention of hypoglyce-
mia. Thereafter, hypoglycemia and pre-
and postprandial glucose values during
the daytimewere evaluated, aiming for glu-
cose values between 4.0 and 8.0 mmol/L.
Therapeutic adjustments in diet, ex-
ercise, and insulin doses were pri-
marily based on self-monitored plasma
glucose values, in combination with
real-time CGM data. The prescribed de-
vice was the only real-time CGM system
available at the Danish market during
study preparation.

Pregnancy outcome parameters
The prevalence of large-for-gestational-
age infants [i.e., infant birth weight
$90th centile adjusted for sex and ges-
tational age (31)] was predefined as the
primary outcome of this study. To reflect
neonatal morbidity, the prevalence of
preterm delivery (,37 weeks of gesta-
tion) and/or severe neonatal hypoglyce-
mia (2-h plasma glucose ,2.5 mmol/L
treated with intravenous glucose infu-
sion) was selected as the secondary com-
bined end point prior to study onset.
Other pregnancy outcomes were defined
as follows: miscarriage (before 22
weeks), preeclampsia [blood pressure
$140/90 and proteinuria (29)], birth
weight SD score (z-score), neonatal hy-
poglycemia (2-h plasma glucose ,2.5
mmol/L), and major congenital malfor-
mation (i.e., abnormality requiring sur-
gery and/or resulting in permanent
injury).

Sample size
Based on the assumption that the preva-
lence of large-for-gestational-age infants
was 50% in our study population (7) and
that the use of real-time CGM could re-
duce it to 20%, and a type 1 error of 5%
and a type 2 error of 20%, the number of
patients needed in each arm was 45. We
intended to analyze predefined primary
and secondary outcome parameters of
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women receiving intervention versus
control subjects in the entire study pop-
ulation, as well as in the subpopulation of
women with type 1 diabetes. To secure
sufficient numbers, a 2-year inclusion pe-
riod was planned. The study population
of 154 women (of whom 123 had type 1
diabetes) was therefore judged to have
sufficient power to detect a possible effect
of real-time CGM on the prevalence of
large-for-gestational-age infants in the en-
tire study population, as well as in women
with type 1 diabetes alone.

Statistical analysis
We compared the characteristics of the
women using the Fisher exact test or x2

test when appropriate for categorical var-
iables and t test or Mann–Whitney test
when appropriate for continuous varia-
bles. Continuous variables were given as
median (range), and categorical variables
were given as numbers (percentage).
A two-sided P value ,0.05 was consid-
ered statistically significant. Analyses
were done on an intention-to-treat basis,
counting 154 subjects at baseline, and
thereafter with the exclusion of women
with miscarriages (n = 5). We primarily
analyzed data as planned by comparing
women allocated to real-time CGM with
control subjects in the entire study pop-
ulation and in women with type 1 diabe-
tes alone.We also analyzed the prevalence
of severe hypoglycemia and main out-
come parameters in women using real-
time CGM per protocol, and despite
limited numbers, we analyzed glycemic
control and pregnancy outcomes in
women with type 2 diabetes and the prev-
alence of large-for-gestational-age infants
in women with type 1 diabetes on insulin
pump therapy. Six infants were excluded
from calculations on neonatal hypoglyce-
mia because of intravenous glucose infu-
sion prior to routine 2-h plasma glucose
measurements (n = 5) or perinatal death
(n = 1) (Fig. 1, Table 3, and Supplemen-
tary Table 3). Glucose data in Table 2 and
Supplementary Table 1 were based on
25,546 self-monitored plasma glucose
values, and glucose fractions (%) have
been calculated for each individual partic-
ipant after sorting glucose values into in-
tervals (#3.9, 4.0–7.9, and$8.0mmol/L).
Statistical analyses were performed using
STATA 11.1 SE software (STATA Corp.,
College Station, TX).

RESULTSdDuring the period of 15
February 2009 to 15 February 2011,

123 women with type 1 diabetes and
31 with type 2 diabetes, with a median
age of 32 (range 19–43) years, baseline
HbA1c of 6.7% (5.3–10.7) (50 [34–93]
mmol/mol), pregestational BMI of 25.0
(18.4–52.7) kg/m2, and diabetes dura-
tion of 11 (1–38) years, were included
in the trial. Baseline data were compara-
ble between women randomized to real-
time CGM (n = 79) and control subjects
(n = 75), both in the entire population
(Table 1), and when stratified according
to type of diabetes (data not shown). El-
igible women unwilling to participate
(n = 47) were similar to included women
with respect to type of diabetes, age,
pregestational BMI, baseline HbA1c,
and parity, but had slightly shorter du-
ration of diabetes (data not shown). The
included women were seen in our clinic
at all five study visits at 8 (5–13), 12
(11–14), 21 (19–25), 27 (21–29), and
33 (32–35) weeks. Self-monitored
plasma glucose measurements were
documented seven times daily in
relation to all study visits in both arms
(Table 1 for baseline data). Real-time
CGM was initiated at first pregnancy
visit in all 79 women allocated to inter-
vention and was generally well tolerated
without severe side effects. Forty-nine
(64%) women with either type 1 or
type 2 diabetes used real-time CGM per
protocol (i.e., at 8, 12, 21, 27, and 33
weeks or more). Near-continuous real-
time CGM use (at least 60% of the
time) was only chosen by five (7%)
women.

Glycemic control
HbA1c, self-monitored plasma glucose
values, and plasma glucose profiles of bio-
chemical hypo- or hyperglycemia were
similar throughout pregnancy in women
using real-time CGM versus control sub-
jects for the entire study population (Ta-
ble 2), and for the subpopulation of
women with type 1 diabetes alone (Sup-
plementary Table 1). The women experi-
enced 4 (0–14) mild hypoglycemic events
per week, with no difference between the
arms. The percentage of women experi-
encing severe hypoglycemia at least once
after inclusion was also similar (16 vs.
16%; P = 0.91). Of 38 (63%) women
with type 1 diabetes using real-time
CGM per protocol, 4 (11%) experienced
severe hypoglycemia during the interven-
tion period compared with 11 (19%)
among 59 control subjects (P = 0.28).
Nineteen (16%) women with type 1 diabe-
tes experienced 59 severe hypoglycemic
events, and 5 (17%) women with type 2
diabetes experienced 15 severe hypoglyce-
mic events during study participation, with
no difference between the arms (data not
shown). Five women in the intervention
arm experienced in total seven episodes
of severe hypoglycemia despite ongoing
and technically successful real-time CGM.
Insulin dosages were similar between
women in the intervention versus control
arm, both as absolute values and as percen-
tages of pregestational dose at all study
visits (Table 1 for baseline data and Supple-
mentary Table 2 for the entire pregnancy
according to type diabetes).

Table 1dBaseline clinical data in 154 included pregnant women with
pregestational diabetes

Real-time CGM Control subjects P value

N (% with type 1 diabetes) 79 (80) 75 (80)
Maternal age (years) 32 (21–42) 31 (19–43) 0.88
Pregestational BMI (kg/m2) 25.1 (18.6–52.7) 24.7 (18.4–48.2) 0.69
Duration of diabetes (years) 10 (1–37) 12 (1–38) 0.38
Gestational age (days) 59 (38–95) 58 (40–94) 0.61
Nulliparous 40 (51%) 40 (53%) 0.74
HbA1c (%) 6.6 (5.3–10.0) 6.8 (5.3–10.7) 0.67
HbA1c (mmol/mol) 47 (34–86) 51 (34–93)
Insulin dose (IU/kg/24 h) 0.60 (0.00–1.36) 0.61 (0.00–1.43) 0.20
SMPG measurements per day 7 (3–17) 7 (2–16) 0.49
Diabetic retinopathy 28 (35%) 32 (44%) 0.29
Elevated urine albumin excretion 5 (6%) 2 (3%) 0.44
Smoker 6 (8%) 9 (12%) 0.34
Severe hypoglycemia in the year
preceding pregnancy 14 (18%) 13 (17%) 0.95

Results are given as median (range) or number (%). SMPG, self-monitored plasma glucose.
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Pregnancy complications and
outcome
The 154 pregnancies resulted in five
miscarriages and 149 live births. The
predefined primary outcome, large-for-
gestational-age infants, occurred to a sim-
ilar extent in both arms (45 vs. 34%; P =
0.19), and no difference was found be-
tween the predefined secondary outcome:
the prevalence of preterm delivery and/or
severe neonatal hypoglycemia (29 vs.
22%; P = 0.36) (Table 3). Other maternal
and perinatal parameters were also com-
parable between the arms. Even in the

subpopulation of women with type 1 di-
abetes, similar results were found re-
gardless of real-time CGM allocation
(Supplementary Table 3).

For 49 (64%) women with either type
1 or type 2 diabetes using real-time CGM
per protocol, the figures for large-
for-gestational-age infants and preterm
delivery and/or severe neonatal hypogly-
cemia compared with control subjects (n =
73) were 49 versus 34% (P = 0.10) and 24
versus 22% (P = 0.75), respectively. For
women with type 1 diabetes on insulin
pumps (n = 26), the prevalence of large-

for-gestational-age infants was 55 versus
20% (P = 0.10) between the real-time
CGM and control arms.

Major congenital malformations oc-
curred in two infants of women with type
1 diabetes (one ventricular septal defect
combined with coarctation of the aorta
and one congenitally corrected transpo-
sition of the great arteries). One case of
perinatal death occurred shortly after de-
livery in an infant of a woman with type 2
diabetes due to severe shoulder dystocia.

CONCLUSIONSdIn this randomized
trial, intermittent use of real-time CGM in
pregnancy, in addition to self-monitored
plasma glucose measurements seven
times daily, did not improve glycemic
control or pregnancy outcome in women
with pregestational diabetes. These find-
ings are disappointing in the light of real-
time CGM efficiency in nonpregnant
patients (16).However, participants in trials
demonstrating an effect on HbA1c in both
nonpregnant (8,11,12,17–19) and preg-
nant (27) populations had higher baseline
HbA1c compared our cohort of women.
The negative findings of this trial are in
line with a study on well-controlled non-
pregnant patients, in whom HbA1c was
not further improved by real-time CGM
(9). Recent data indicate the importance
of frequent real-time CGM use (16). Our
study was designed with intermittent
real-time CGM use in relation to five rou-
tine antenatal visits at our clinic, but the
women were encouraged to use real-time
CGM continuously and offered much
support and flexibility in scheduling to
attain frequent real-time CGM use. Still,
only very few women were willing to use
real-time CGM continuously. Our aim
was to improve our routine pregnancy
care and therefore to intervene on an un-
selected cohort of women. The inclusion
rate of 77% is comparable to that of
Murphy et al. (27),whereas studies onnon-
pregnant patients with improved HbA1c

due to real-time CGM mainly cover se-
lected and highly motivated patients, will-
ing to use real-time CGM continuously
(10,12,17–19).

In this trial, sufficient numbers of
women were included, and proper allo-
cation with equal distribution of women
with type 1 diabetes was secured with
computer-generated randomization pro-
vided by an independent organization.
Study arms were comparable at baseline,
both in the entire cohort and when
analyzed according to type diabetes. We
believe that our study design was robust,

Table 2dGlycemic control during pregnancy in 149 women with live births

Real-time CGM Control subjects P value

N 76 73
HbA1c

8 weeks (%) 6.6 (5.3–10.0) 6.8 (5.3–10.7) 0.72
8 weeks (mmol/mol) 49 (34–86) 51 (34–93)
33 weeks (%) 6.1 (5.1–7.8) 6.1 (4.8–8.2) 0.39
33 weeks (mmol/mol) 43 (32–62) 43 (29–66)
36 weeks (%) 6.0 (5.1–7.7) 6.1 (4.7–8.4) 0.63
36 weeks (mmol/mol) 42 (32–61) 43 (28–68)

Median SMPG value (mmol/L)
8 weeks 6.7 (5.3–8.9) 6.8 (4.8–10.3) 0.31
33 weeks 6.2 (4.7–7.9) 6.2 (4.9–7.9) 0.64

SMPG values in pregnancy (%)
#3.9 mmol/L 13 (0–25) 13 (0–25) 0.95
4.0–7.9 mmol/L 63 (40–98) 62 (35–96) 0.57
$8.0 mmol/L 24 (0–44) 25 (0–48) 0.38

Results are given as median (range). SMPG, self-monitored plasma glucose.

Table 3dMaternal and perinatal outcomes in 154 included women with pregestational
diabetes

Real-time CGM Control subjects P value

N 79 75
Live births 76 (96%) 73 (97%)
Miscarriage 3 (4%) 2 (3%) 1.00
Males 34 (45%) 31(42%) 0.78
Weight gain in pregnancy (kg) 14.4 (20.4 to 32.5) 13.9 (22.0 to 31.0) 0.92
Preeclampsia 7 (9%) 6 (8%) 0.83
Caesarean section 28 (37%) 33 (45%) 0.30
Gestational age at birth (days) 263 (206–280) 264 (231–277) 0.14
Preterm delivery 16 (21%) 12 (16%) 0.47
Birth weight (g) 3,510 (1,070–4,356) 3,436 (2,045–4,424) 0.80
Birth weight z-score 1.07 (22.32 to 3.78) 0.66 (21.13 to 3.45) 0.20
Large-for-gestational-age infant 34 (45%) 25 (34%) 0.19
2-h plasma glucose (mmol/L) 2.8 (0.5–5.5)a 2.8 (1.1–6.7) 0.22
Neonatal hypoglycemia 25 (36%)a 29 (40%) 0.62
Severe neonatal hypoglycemia 9 (13%)a 10 (14%) 0.88
Preterm delivery and/or severe
neonatal hypoglycemia 20 (29%)a 16 (22%) 0.36

Results are given as median (range) or number (%). aN = 70.
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despite it not being blinded, and broadly
comparable to that of Murphy et al. (27),
suggesting a beneficial effect of intermit-
tent CGM in pregnancy.

Real-time CGM had been used for
several years in our clinic, and we have
previously published case reports sug-
gesting beneficial effects of real-time
CGM in pregnancy (24,26). Therefore,
we had expected high compliance to
real-time CGM in this trial. However,
the relatively low number of per-protocol
users has also been observed in the non-
pregnant population (17,18), and the av-
erage use of CGM was comparable to the
former study on pregnant women (27).
We have previously published the results
of a questionnaire on patient satisfaction
with real-time CGM in early pregnancy
based on the present population of
women (25). This survey demonstrated
that real-time CGM inaccuracy compared
with self-monitored plasma glucose val-
ues, technical challenges, and skin irrita-
tion limit compliance (25), which is in
line with previous studies of nonpregnant
(12,32–35) and pregnant (27) patients.
During the first period of real-time
CGM, our women experienced up to 12
alarms per 24 h, of which one-third dis-
turbed their sleep (25). Future develop-
ment of the real-time CGM systems,
leading to improved accuracy in the hy-
poglycemic range and fewer alarms, may
improve compliance.

The main barrier in obtaining strict
maternal glycemic control is the high risk
of severe hypoglycemia, occurring in up
to 45% of pregnant women with type 1
diabetes (7). A reduction of severe hypo-
glycemic events due to real-time CGMhas
been suggested in a study of nonpregnant
patients (11) and in our case study of
pregnant women with hypoglycemia un-
awareness (26). Therefore, elimination of
nocturnal hypoglycemic episodes was
emphasized in our guidelines on the in-
terpretation of real-time CGM readings in
pregnancy. This may have lead to slightly
higher nocturnal glucose levels and could
at least partly explain the tendency to-
ward higher birth weight z-score in the
intervention arm. The self-monitored
plasma glucose levels, which were mainly
performed during daytime, and the num-
ber of women experiencing at least one
severe hypoglycemic event after inclusion
were similar in spite of real-time CGM al-
location. However, among women with
type 1 diabetes using real-time CGM per
protocol, there was a tendency toward
fewer women with severe hypoglycemia

compared with women in the control
arm, but numbers were low. Surprisingly,
we could document severe hypoglycemic
events during ongoing real-time CGM
without hypoglycemic alarms to warn
the patient. This again calls for improved
real-time CGM accuracy in the hypogly-
cemic range and future studies on contin-
uous real-time CGM in pregnant women
at high risk of severe hypoglycemia.
Whether a sum of imbalances including
tendencies toward higher pregestational
BMI, fewer smokers, and higher weight
gain in pregnancy in women in the inter-
vention arm could have affected birth
weight z-score in this trial remains spec-
ulative.

The majority of the women with type
1 diabetes in this trial were on basal bolus
therapy with multiple daily injections,
but patients on insulin pumps may ben-
efit more from real-time CGM (18). How-
ever, not even in the subset of women
treated with insulin pumps in this study
was a tendency toward a beneficial effect
on large-for-gestational-age infants seen.

In conclusion, our data do not sup-
port intermittent real-time CGM on a
routine basis in an unselected pregnant
population of women with pregestational
diabetes, already performing self-monitored
plasma glucosemeasurements seven times
per day. Careful introduction to real-time
CGM and interpretation of the real-time
CGM readings were offered, but other-
wise, the two arms were treated similarly
regarding diet, exercise, and insulin ther-
apy. The negative finding of this trial may
lead to intensified focus on dietary advice,
including carbohydrate counting, stable
day-to-day carbohydrate intake, especially
in late gestation (36), and weight gain
within the Institute of Medicine recom-
mendations (37). This trial does not rule
out that real-time CGMmay be efficient in
highly selected pregnant women, and
whether introducing continuous real-
time CGM prior to pregnancy can reduce
the risk of severe hypoglycemia and en-
hance pregnancy outcome is yet to be
examined.
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