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OBJECTIVE

To determine gestational weekly changes in continuous glucose monitoring (CGM)
metrics and 24-h glucose profiles and their relationship to infant birth weight in
pregnant women with type 1 diabetes.

RESEARCH DESIGN AND METHODS

An analysis of >10.5 million CGM glucose measures from 386 pregnant women
with type 1 diabetes from two international multicenter studies was performed.
CGM glucose metrics and 24-h glucose profiles were calculated for each gesta-
tional week, and the relationship to normal (10–90th percentile) and large
(>90th percentile) for gestational age (LGA) birth weight infants was determined.

RESULTS

Mean CGM glucose concentration fell and percentage of time spent in the preg-
nancy target range of 3.5–7.8 mmol/L (63–140 mg/dL) increased in the first
10 weeks of pregnancy and plateaued until 28 weeks of gestation, before further
improvement in mean glucose and percentage of time in range until delivery. Ma-
ternal CGM glucose metrics diverged at 10 weeks of gestation, with significantly
lower mean CGM glucose concentration (7.1 mmol/L; 95% CI 7.05–7.15 [127.8
mg/dL; 95% CI 126.9–128.7] vs. 7.5 mmol/L; 95% CI 7.45–7.55 [135 mg/dL; 95%
CI 134.1–135.9]) and higher percentage of time in range (55%; 95% CI 54–56 vs.
50%; 95% CI 49–51) in women who had normal versus LGA. The 24-h glucose pro-
files were significantly higher across the day from 10 weeks of gestation in LGA.

CONCLUSIONS

Normal birth weight is associated with achieving significantly lower mean CGM glu-
cose concentration across the 24-h day and higher CGM time in range from before
the end of the first trimester, emphasizing the need for a shift in clinical manage-
ment, with increased focus on using weekly CGM glucose targets for optimizing ma-
ternal glycemia from early pregnancy.

Despite advances in antenatal diabetes care, 60% of liveborn infants of mothers
with type 1 diabetes (T1D) are born with a birth weight that is large for gestational
age (LGA), which is unchanged from the first reports of so-called giant babies in
1941 (1–5). LGA birth weight > 90th percentile is associated with increased rates
of obstetric and neonatal complications (e.g., preterm and operative delivery,
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neonatal hypoglycemia, and neonatal
intensive care admission) (2,6). In severe
cases, additional maneuvers are required
to release the shoulders (shoulder dysto-
cia), which can result in nerve injury,
fractures, and hypoxic brain injury. This is
the third most litigated obstetric-related
complication in the U.K., incurring esca-
lating National Health Service costs (7).
Furthermore, LGA birth weight predis-
poses the infant to developing obesity,
type 2 diabetes, and cardiovascular dis-
ease, persisting into adulthood (8,9). Op-
timal glucose control to prevent these
outcomes is the major focus of antenatal
care (10,11).
Continuous glucose monitoring (CGM)

is revolutionizing diabetes care (12,13).
Compared with HbA1c or self-monitored
capillary glucose, CGM provides up to
288 glucose measures per day, depending
on the device used, providing detailed in-
formation about glucose changes across
the 24-h day (12,13). It demonstrates
complete 24-h glucose profiles with per-
centage of time spent in the target glu-
cose range (time in range [TIR]) and high
and low glucose excursions, which inform
therapy decisions, thereby informing dia-
betes self-management (12,13). In T1D
pregnancies, CGM improves maternal glu-
cose, reducing LGA and associated neona-
tal complications (4). However, despite
this technology becoming standard care
(10,11), LGA prevalence remains high
(2,4,5).
Pregnancy is a dynamic state of

continuous metabolic adaptation, with
changes in insulin sensitivity and glu-
cose tolerance throughout (14). Preg-
nant women with T1D are reviewed
frequently, and therapeutic decisions
are made based on the previous week’s
mean CGM glucose data (a combination
of glucose summary metrics and 24-h
glucose profiles); however, the weekly
CGM glucose metrics and 24-h profiles
associated with a normal birth weight
baby are unknown. Therefore, despite
widespread CGM use, international dia-
betes guidelines do not include gesta-
tionally appropriate CGM glucose targets
(10–13). This analysis was designed to in-
form clinical care by determining gesta-
tional changes in CGM glucose metrics
and 24-h profiles weekly during preg-
nancy and the relationship of these to
birth weight outcomes.

RESEARCH DESIGN AND METHODS

Study Design
The CGM data from two existing studies
were combined (4,5). Full details of the
CONCEPTT international clinical trial were
previously published (4). Pregnant women
aged 18–40 years, with HbA1c between
6.5 and 10% (48 and 86 mmol/mol) using
a pump or multiple daily insulin injections
and a singleton fetus, were randomly as-
signed to the continuous real-time CGM
(Guardian REAL-Time or MiniMed Minilink
system; Medtronic, Northridge, CA) or con-
trol group, where they performed self-
monitored blood glucose measurements
at least seven times per day. CGM data
were downloaded monthly in the real-
time CGM group and at baseline and 24
and 34 weeks of gestation in the control
group.

Full details of the Swedish observa-
tional study have also been published
(5). It included women aged $ 18 years
with a singleton pregnancy, who were
using a Freestyle Libre or Dexcom G4
CGM device compatible with the inter-
net-based Diasend system (Glooko, Goth-
enburg, Sweden) at two tertiary clinics in
Sweden (Skåne University Hospital and
€Ostra/Sahlgrenska University Hospital).
Women in both studies received spe-

cialist antenatal care, with clinic visits
every 2 to 4 weeks. This analysis com-
bines all the available raw downloaded
continuous glucose data from 200 wom-
en in CONCEPTT and 186 women from
the Swedish study, with complete birth
weight records. Each participant had
only one singleton pregnancy; 26% (102
of 386) of participants were using CGM
prior to pregnancy. The number of par-
ticipants contributing at least 4 days of
CGM data for each gestational week is
detailed in Supplementary Table 1.

Study Oversight
The CONCEPTT study was approved by
the Health Research Authority, East of
England Research Ethics Committee,
Essex, England, (12/EE/0310) for all U.K.
sites and by each individual center for
all other sites. The Swedish study was
approved by the Ethics Committee of
Lund University (2017/322), Lund, Swe-
den, and was conducted in accordance
with the Swedish Act on Ethics Review
of Research Involving Humans and the
Swedish Act on Personal Data. All wom-
en gave written informed consent.

Obstetric Data and Outcomes
Electronic antenatal and perinatal records
provided data on maternal age, parity,
BMI, insulin regimen, birth weight, gesta-
tional age at birth, and sex of infant. LGA
was defined as birth weight $90th per-
centile using Gestation Related Optimal
Weight software, which adjusts for infant
sex and gestational age, maternal height,
weight, parity, and ethnicity (15).

Standard CGM Metrics
For each participant and for each gesta-
tional week, the mean of each 5-min
time interval was taken from the $4
days of temporal CGM data obtained at
each time point across the 24-h day. A
standard range of summary CGM metrics
was calculated for each week’s gestation
from the raw downloaded glucose data
(12). These included mean CGM glucose
concentration, percentage of time spent
within the pregnancy target glucose
range of 3.5–7.8 mmol/L (63–140 mg/dL)
(TIR), and time spent above 7.8 mmol/L
(>140 mg/dL) (TAR) and below 3.5
mmol/L (<63 mg/dL) target range (TBR).
Measures of glycemic variability included
coefficient of variation of mean CGM
glucose and mean amplitude of glucose
excursions (12). Weekly summary met-
rics were plotted for women with and
without LGA birth weight infants. These
were fitted using Epanechnikov kernel–
weighted local polynomial smoothing,
with 95% CIs to assess the significance
of the relationship.

Visualization of 24-Hour Glucose
Profiles
We performed functional data analysis
as previously described to establish the
population-level 24-h glucose profiles
each week across gestation (16–20). For
each participant and for each gestation-
al week, the mean of each 5-min time
interval was taken from the $4 days of
temporal CGM data obtained at each
time point across the 24-h day. In this
way, there were no missing data for apply-
ing the functional data analysis. Changes
in glucose over time were therefore as-
sumed to be progressive, occurring in a
trend or sequence that could be consid-
ered smooth (in a mathematic sense),
without step changes from one measure-
ment to the next. Sequential glucose
concentrations from each measurement
episode were modeled as trajectories by
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calculating continuous mathematic func-
tions of CGM-derived glucose values (20).

The CGM glucose trajectories were
modeled using the technique of fitting
B-splines to the repeated measures (20).
This generated a polynomial function that
describes the curve (or spline) used to
model changes in glucose levels over
time for each participant, with splines re-
quired to pass though measured glucose
values at discrete time points (called knots)
during each 24-h period. At each of these
knots, the spline function was required to
be continuous (i.e., with no breaks or step
changes) so that the function remained
mathematically smooth. Knots were placed
at 30-min intervals over each 24-hmeasure-
ment period, with data from measure-
ments recorded during the 4 h either side
of midnight (i.e., from 2000 to 0400), re-
peated at the beginning and end to elimi-
nate artifactual edge effects.

Multivariable regression analysis was
used for the functional data analysis–
generated glucose function to establish
the relationship between weekly maternal
glucose levels in women with and without
LGA birth weight infants. To assess the sig-
nificance of the relationship, 95% CIs were
used. All statistical analyses were con-
ducted in Stata (21) and R (22) software.

Data and Resource Availability
Data are available on request from the
authors.

RESULTS

Overview of Study Population
Baseline characteristics of the 386 partic-
ipants are shown in Table 1. Swedish
participants delivered slightly later, with
higher birth weight and fewer preterm
births and caesarean deliveries but re-
markably similar customized birth weight
percentiles (83%) and LGA rates (60%).

Evolution of Standard CGM Metrics
CGM metrics, weekly across gestation
with 95% CIs, are shown in Fig. 1. Mean
glucose fell steeply in the first 10 weeks
of gestation in both normal and LGA birth
weight mothers. By 10 weeks of gesta-
tion, a significant divergence in mean glu-
cose emerged between women who
went on to have a normal-sized versus
LGA birth weight infant (7.1 vs. 7.6
mmol/L [128 vs. 137 mg/dL]). This be-
tween-group divergence persisted during
10–20 weeks and increased further dur-
ing 20–30 weeks of gestation, after which
glucose fell by �1 mmol/L (�18 mg/dL)
in both groups, reaching a nadir after 36
weeks of gestation.

CGM percentage of TIR started at 40%
(9.6 h/day) in early pregnancy, with sig-
nificant between-group differences from
�6 to 8 weeks of gestation. Women
who went on to have a normal-sized ver-
sus LGA birth weight infant reached 57
versus 50% TIR by �10 weeks of gesta-
tion. Similar to mean glucose, the diver-
gence between groups in CGM TIR
persisted during 10–20 weeks, increased
further during 20–30 weeks, and re-
mained significantly lower (by 8–10%) in
the LGA birth weight group until 34
weeks of gestation. There were no be-
tween-group differences after 36 weeks,
with both groups only achieving the rec-
ommended international consensus tar-
get of $70% TIR (16 h 48 min) late in
the third trimester.

As expected from the changes in mean
CGM glucose and percentage of TIR, both
groups achieved striking early pregnancy
reductions in hyperglycemia. CGM percent-
age of TAR (>7.8 mmol/L [140 mg/dL])
decreased from 60 to 40% by 10 weeks of
gestation. From 10 weeks onward, a signif-
icant 5% TAR difference persisted between
women with a normal-sized versus LGA
birth weight infant (40 vs. 35%). This be-
tween-group divergence also increased,
with increasing hyperglycemia in the LGA

Table 1—Participant characteristics

Total
(N = 386)

Study Birth weight

CONCEPTT
(n = 200)

Sweden
(n = 186) Statistic (P)

LGA
(n = 232)

Non-LGA
(n = 154) Statistic (P)

Age, years, mean (SD) 37.21 (1.87) 36.97 (1.69) 37.49 (2.03) �2.73 (1.00) 37.14 (1.63) 37.34 (2.19) 0.99 (0.84)

European descent, n (%) 346 (90) 178 (89) 173 (93) �1.37 (0.17) 206 (89) 145 (94) 1.80 (0.07)

Diabetes duration, years, mean (SD) 15.95 (7.89) 16.49 (7.66) 15.39 (8.12) 1.36 (0.91) 16.13 (7.89) 15.69 (7.89) �0.54 (0.70)

Insulin delivery by pump, n (%) 144 (37) 90 (45) 54 (29) 3.24 (<0.01) 94 (41) 50 (32) �1.60 (0.11)

First trimester HbA1c, mmol/mol, mean (SD) 56.6 (9.9) 57.1 (7.8) 55.7 (12.4) 1.30 (0.19) 56.9 (9.9) 56.1 (9.9) �0.71 (0.48)

First trimester HbA1c, %, mean (SD) 7.3 (1.6) 7.4 (1.4) 7.2 (1.9) 1.30 (0.19) 7.4 (1.6) 7.3 (1.6) �0.71 (0.48)

BMI, kg/m2, mean (SD) 25.8 (4.6) 25.7 (4.6) 25.9 (4.7) �0.34 (0.73) 25.9 (4.7) 25.4 (4.4) �0.33 (0.74)

Primiparous, n (%) 187 (48) 98 (49) 89 (48) 0.22 (0.82) 66 (28) 121 (78) 0.08 (0.93

Gestation birth, weeks, mean (SD) 37.2 (1.9) 36.9 (1.7) 37.5 (2.0) �3.18 (<0.01) 37.0 (1.6) 37.3 (2.2) �1.55 (0.12)

Preterm delivery <37 weeks, n (%) 132 (34) 80 (40) 52 (28) 2.49 (0.01) 83 (36) 49 (32) �0.80 (0.42)

Caesarean section, n (%) 224 (58) 137 (69) 87 (47) 4.32 (<0.01) 150 (65) 74 (48) �3.24 (<0.01)

Birth weight, kg, mean (SD) 3.69 (0.72) 3.56 (0.71) 3.82 (0.72) 3.47 (<0.01) 4.00 (0.55) 3.00 (0.57) �12.94 (<0.01)

Birth weight percentile, mean (SD)* 82.7 (24.7) 82.0 (25.8) 83.6 (23.4) �0.64 (0.52) 98.1 (2.67) 59.6 (25.0) �23.22 (<0.01)

LGA $90th percentile, n (%) 232 (60) 122 (61) 110 (59) �1.17 (0.24) 225 (97) 7 (26) �14.73 (<0.01)

Results are given as n (%) or mean (SD). t test used where mean (SD) are given (t), and percentage used a two-sample test of proportion (z).
*Birth weight was adjusted for infant sex and gestational age, maternal height, weight, parity, and ethnicity for singleton pregnancies using
the Gestation Related Optimal Weight centile tool (15).
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A Mean glucose (mmol/l) B Percentage time in range (TIR )
3.5-7.8mmol/L [63-140mg/dL]

C Percentage time above range (TAR ) D Percentage time below range (TBR )
>7.8 mmol/L [>140mg/dL] <3.5 mmol/L [<63mg/dL]

E Coefficient of variation (%) F MAGE (mmol/L)
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Figure 1—Evolution of CGM metrics (vertical axis) across gestation (horizontal axis) in women with T1D. Women who delivered an LGA infant
(>90th centile) (red line) are compared with those who did not (blue line). Each is fitted with a local polynomial smoothed curve, and the 95% CI
is the shaded gray band. A: Mean CGM glucose (mmol/L). B: Percentage of TIR 3.5–7.8 mmol/L (63–140 mg/dL). C: Percentage of TAR>7.8 mmol/L
(>140 mg/dL). D: Percentage of TBR <3.5 mmol/L (<63 mg/dL). E: Coefficient of variation (%). F: Mean amplitude of glucose excursions (MAGE)
(mmol/L).
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birth weight group during 18–28 weeks of
gestation. CGM percentage of TAR then
fell by�15% in both groups, with mothers
of normal-sized infants only reaching the
recommended international consensus tar-
get of #25% (6 h/day) late in the third
trimester.

Maternal hypoglycemia, as measured
by CGM percentage of TBR varied more
than other glucose metrics, peaking at
�10% (2.4 h/day) at 10 weeks. There
were no between-group differences until
�14 weeks of gestation, at which point
TBR progressively decreased in the LGA
birth weight group, reaching 6% by
30 weeks. CGM percentage of TBR re-
mained above the recommended interna-
tional consensus target of #4% (1 h/day),
never falling below 8% in women with
normal-sized babies. CGM percentage of
TBR increased by 1.5% in both groups
after 30 weeks of gestation.

Like hypoglycemia, glucose variability
peaked in early pregnancy (coefficient of
variation 38–40% at �10 weeks of gesta-
tion). This was followed by a sustained re-
duction in glucose variability measures
throughout pregnancy, with less glycemic
variability in mothers of LGA birth weight
infants between 24 and 30 weeks of gesta-
tion. Mean amplitude glucose excursions
also started high, with sustained gestational
improvements, and remained slightly high-
er in mothers of LGA birth weight infants
throughout 10–36 weeks of gestation.

Evolution of 24-Hour Glucose Profiles
Functional data analysis (Fig. 2 and
Supplementary Video 1) showed week-by-
week changes in the mean CGM glucose
profile across the 24-h day. Women en-
tered pregnancy (weeks 0–4) with CGM
glucose levels that were predominantly
above the upper target range limit of 7.8

mmol/L (140 mg/dL). Mean CGM glucose
fell progressively until 10 weeks and pla-
teaued between 10 and 30 weeks of ges-
tation, until a further fall occurred from
�30 weeks. The initial CGM glucose trajec-
tory demonstrated a high overnight glu-
cose pattern followed by a morning
(0800–1200 h) dip. Thereafter, diurnal glu-
cose levels increased with each meal
as the day progressed, leading to high
nocturnal glucose levels. From 7 weeks
of gestation onward, women consistently
demonstrated a nocturnal glucose dip, with
higher daytime glucose levels and clear
daytime peaks (at �1000 and 2200 h),
which persisted until the end of pregnancy.

Evolution of 24-Hour Glucose Profiles
Across Gestation in Relation to LGA
Multivariable regression of the functional
data analysis (Fig. 3 and Supplementary
Video 2) demonstrated the relationship of

Figure 2—Functional line fit showing the evolution of 24-h mean CGM glucose profiles across gestation in women with T1D. Mean glucose (mmol/L) and
95% CI by gestational age in weeks. The dotted horizontal line represents 7.8 mmol/L (140 mg/dL) (upper limit of recommended target range for preg-
nancy). A: First trimester. B: Second trimester. C: Third trimester.
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mean CGM glucose profiles across the
24-h day in women who went on to have
LGA infants compared with those with
normal birth weight infants. At 11 weeks,
there was a significantly higher daytime
glucose pattern in mothers of LGA infants,
and from 12 weeks onward, this higher
CGM glucose profile was evident for most
of the 24-h day, with daytime peaks per-
sisting until 35 weeks of gestation.

CONCLUSIONS

Internationally, many women with T1D
are using CGM to optimize their glucose
levels during pregnancy. Our analysis
shows in detail how CGM glucose met-
rics change across pregnancy and identi-
fy the CGM glucose levels that are
associated with having a normal birth
weight baby. In doing so, it provides
pregnant women and their clinical teams

with the weekly CGM targets to aim for
across pregnancy. Despite widespread
CGM use, glycemic control targets are
currently based on HbA1c, which has
well-documented gestational limitations
(10,11,23). These data will inform inter-
national clinical guidelines and support
patients and clinicians to use CGM more
effectively, which will, it is hoped, help
to improve glycemia and reduce LGA.

Figure 2—Continued.
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In clinical practice, the most recent
week’s CGM metrics are reviewed, while
the 24-h profiles are used to spot pat-
terns of glucose excursions across the
24-h day when optimizing glucose man-
agement can achieve more TIR. We have
analyzed our data to reproduce this clini-
cal situation at a population level, pro-
viding weekly CGM metrics and 24-
h profiles. This extensive temporal infor-
mation demonstrates the central role of
maternal glucose in the pathogenesis of
LGA from early gestation. Importantly,
we show a sustained difference of 0.5
mmol/L (9 mg/dL) in mean CGM glucose
concentration across the 24-h day, every
week, from 10 weeks of gestation on-
ward in women who had an LGA infant.
This small but clinically relevant (24) dif-
ference persisted for the rest of pregnan-
cy, with increasing glycemic divergence
until 30 weeks of gestation. By 12 weeks

of gestation, the fetal pancreas can re-
spond to maternal glucose by increasing
endogenous insulin production (25). This
leads to the incremental accrual of adi-
pose tissue, fetal growth acceleration,
and LGA birth weight in more than two-
thirds of T1D pregnancies (25).

Our data show that achieving tight
CGM glucose targets from early pregnan-
cy (10–12 weeks of gestation) is associat-
ed with normal birth weight outcomes.
Irrespective of baseline maternal glyce-
mia, first trimester mean glucose levels
decreased rapidly, without initial differ-
ences between women who went on to
have a normal-sized or LGA birth weight
infant. However, from 10 weeks of gesta-
tion, achieving a mean glucose of #7
mmol/L (#126 mg/dL) was associated
with having a normal-sized infant. Irre-
spective of baseline maternal glucose
level, early intervention to optimize

glycemia (specifically mean CGM glu-
cose, CGM TIR, and CGM TAR) within
the first 10 gestational weeks may help
to reduce fetal growth acceleration and
complications associated with LGA birth
weight that are traditionally associated
with glycemia in late pregnancy.

The recommended glucose target range
for pregnancy is 3.5–7.8 mmol/L (63–140
mg/dL) (10–13). By examining the weekly
24-h profiles, we show that, before
10 weeks of gestation, most maternal glu-
cose levels remained above target across
the 24-h day. Thereafter, the 24-h CGM
glucose profiles show that maternal glu-
cose levels exceeded the recommended
target, particularly at 1000 and 2200 h,
which is consistent with postprandial rises
following breakfast and evening meals.
This was more pronounced in those
women who had LGA infants. For opti-
mal antenatal glycaemia and to achieve

Figure 2—Continued.
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more TIR, targeting maternal dietary in-
take, along with the timing and accuracy
of carbohydrate counting and prandial
insulin doses for the morning and eve-
ning mealtimes, is required (26). This
may require more emphasis on educa-
tion and support prepregnancy and in
early pregnancy. Future research should
examine whether tighter overnight glu-
cose targets (e.g., 3.5–5.5 mmol/L) are
applicable or safely achievable.
Free from the increasingly recognized

gestational limitations of HbA1c, which
fails to detect midtrimester plateauing
or deteriorating glycemia (23), CGM TIR
has become a key metric for monitoring
antenatal glucose levels (27). An inter-
national consensus guideline has pro-
posed that a CGM TIR target of >70%
be recommended in pregnancy (13).

This target is currently challenging to
achieve, with the majority of women
using CGM in addition to intensive insu-
lin therapy (insulin pumps or multiple
daily injections) only reaching this after
34 weeks of gestation (4,5). Our current
analysis suggests that aiming for a CGM
TIR of $55 to 60% by 10 weeks of ges-
tation may be sufficient for normal fetal
growth, aiming to achieve 70% thereaf-
ter. Additional dietary attention, psycho-
educational support, and technologic
interventions, such as closed-loop insu-
lin delivery, may be required for women
who do not achieve their pregnancy
CGM glucose targets by 10 weeks (19).

Our study demonstrates that, in addi-
tion to CGM TIR, mean glucose and TAR
are also clinically relevant CGM metrics
in relation to birth weight. Achieving a

mean glucose of #7.0 mmol/L (#126
mg/dL) and spending no more than
35% TAR by 10 weeks were associated
with normal fetal growth.

The first trimester fall in mean glu-
cose concentration, which plateaued
until 28 weeks of gestation, followed by
a smaller third trimester reduction was
remarkably consistent in women whose
babies did and did not develop LGA.
This supports previous work and sug-
gests a large physiologic component to
the glycemic changes, which mirror ges-
tational changes in maternal insulin sen-
sitivity, increasing in early gestation and
decreasing during the second trimester,
before increasing late in the third tri-
mester (14,28). There is considerable
clinician anxiety around a fall in mater-
nal insulin requirements in the last

Figure 3—Functional data analysis showing the differences in mean temporal glucose level across the 24-h day and its evolution across gestation
in women with T1D who delivered an LGA (>90th centile) infant (represented by the dark wavy line) compared with those who did not (repre-
sented by the horizontal zero dotted line), with 95% pointwise CI (gray section). A: First trimester. B: Second trimester. C: Third trimester. *The
time period where the 95% CI sits on the same side of 0.0 indicates a significant difference in glucose; for clarity, these time periods have been
illustrated as an example on gestational week 11 by asterisks, but this is not shown on the subsequent graphs.
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trimester, suggesting placental insuffi-
ciency (29). Our data indicate that a fall
in mean glucose, accompanied by a fall
in CGM TAR and rise in TIR, is not unex-
pected in late pregnancy.

This is the largest cohort of CGM
data from pregnant women with T1D. It
included women using pumps and mul-
tiple daily injections, reflecting contem-
porary antenatal diabetes management.
Combining two data sets makes it wide-
ly representative of women with T1D

internationally and provides statistical
power to assess glycemic differences
across gestation. A potential limitation
is that one data set was obtained from
a randomized controlled trial, whereas
the other was from an observational
study. In doing so, we obtained data
from several different CGM devices, of
varying accuracy. However, while TIR
may vary slightly between some devi-
ces, mean glucose has been shown to
be consistent (30). Despite having 386

participants, data in any given week
were available from fewer women, such
that we had fewer CGM data at the
start and end of pregnancy, as women
presented for antenatal care and deliv-
ered their babies at different gestational
ages (mean 37 weeks), which is likely to
have contributed to the wider 95% CIs
at these times. We did not have data
available for all participants on the ges-
tational week of their first antenatal
clinic visit or when in relation to this

Figure 3—Continued.
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CGM was started. While we used all eli-
gible CGM raw data, we did not have
the level of detail available on each par-
ticipant to know if they chose not to
wear the sensor or if the sensor mal-
functioned or came off early, which may
have contributed to loss of data. We ac-
knowledge that sensor compliance was
likely to be lower than that seen with the
newer-generation CGM systems.
In summary, our results provide un-

precedented insight into glucose physiolo-
gy across gestation and the relationship
between CGM glucose levels and birth
weight in pregnant women with T1D. We
have shown that normal birth weight is
associated with achieving a significantly
lower mean CGM glucose concentration
(sustained across the 24-h day), higher
CGM TIR, and lower CGM TAR from be-
fore the end of the first trimester, empha-
sizing the need for a paradigm shift in
clinical management, with increased focus

on using weekly CGM glucose targets to
optimize maternal glycemia from early
pregnancy.
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