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Glucose concentrations within target, appropriate gestational weight gain, adequate lifestyle, and, if necessary, 
antihypertensive treatment and low-dose aspirin reduces the risk of pre-eclampsia, preterm delivery, and other 
adverse pregnancy and neonatal outcomes in pregnancies complicated by type 1 diabetes. Despite the increasing use 
of diabetes technology (ie, continuous glucose monitoring and insulin pumps), the target of more than 70% time in 
range in pregnancy (TIRp 3·5–7·8 mmol/L) is often reached only in the final weeks of pregnancy, which is too late 
for beneficial effects on pregnancy outcomes. Hybrid closed-loop (HCL) insulin delivery systems are emerging as 
promising treatment options in pregnancy. In this Review, we discuss the latest evidence on pre-pregnancy care, 
management of diabetes-related complications, lifestyle recommendations, gestational weight gain, antihypertensive 
treatment, aspirin prophylaxis, and the use of novel technologies for achieving and maintaining glycaemic targets 
during pregnancy in women with type 1 diabetes. In addition, the importance of effective clinical and psychosocial 
support for pregnant women with type 1 diabetes is also highlighted. We also discuss the contemporary studies 
examining HCL systems in type 1 diabetes during pregnancies.

Introduction
Pregnancy in women with type 1 diabetes is associated 
with an increased risk of pregnancy complications, 
including congenital malformations, pre-eclampsia, 
preterm delivery, and perinatal mortality (appendix p 3). 
In addition, approximately 50% of infants born to 
mothers with type 1 diabetes are large for gestational age 
(LGA).1–3 LGA can lead to problems during labour, 
including shoulder dystocia, which can result in neonatal 
birth trauma and has been associated with a long-term 
risk for type 2 diabetes in the offspring.4 Several 
population-based cohort studies have shown that, despite 
new technologies for type 1 diabetes, birth outcomes have 
barely improved over time.1,5,6 Although target glycaemia 
around the time of conception (HbA1c should be <7·0% 
[53 mmol/mol] and preferably <6·5% [48 mmol/mol] at 
preconception) is essential for reducing the risk of 
congenital malformations and miscarriage, achieving 
and maintaining this target throughout pregnancy is 
needed to prevent other pregnancy complications.7 
However, maintaining this target is difficult due to several 
metabolic changes occurring during pregnancy in women 
with type 1 diabetes, such as the increased risk of 
hypoglycaemia in early pregnancy,8,9 increased insulin 
resistance from approximately 16 weeks’ gestation, and 
delayed insulin absorption from approximately 20 weeks’ 
gestation (appendix p 4).10

The American Diabetes Association (ADA) 
recommends that HbA1c should be less than 6·5% 
(48 mmol/mol) in early pregnancy and less than 6·0% 
(42 mmol/mol) in the second and third trimesters.11 
However, nationwide data from the UK has shown that, 
with current care options, less than 50% of women with 
type 1 diabetes have glycaemia within this target range 
during pregnancy.1,12 Despite the increasing use of 

continuous glucose monitoring (CGM) and insulin 
pumps, pregnant women with type 1 diabetes continue 
to spend on average 8 hours per day above target glucose 
concentrations.13,14 The 2019 Advanced Technologies and 
Treatments for Diabetes (ATTD) consensus on CGM 
targets included the aims that a CGM time in range in 
pregnancy (TIRp) of 3·5–7·8 mmol/L (63–140 mg/dL) 
should be achieved more than 70% of the time and time 
below range in pregnancy (TBRp) of less than 
3·5 mmol/L (63 mg/dL) less than 4% of the time.15 
A Swedish cohort study showed that mothers of LGA 
infants had lower TIRp during the second (52% vs 58%) 
and third trimesters (58% vs 62%) than mothers of non-
LGA infants, and a 5–6% lower TIRp was associated 
with a higher risk of neonatal adverse outcomes (eg, 
macrosomia, shoulder dystocia, hypoglycaemia, or 
neonatal intensive care unit [NICU] admissions).14,16 
Studies have shown that pregnant women with type 1 
diabetes typically have TIRp of approximately 60%.13,14,17,18 
The target of more than 70% TIRp is often only reached 
in the final weeks of pregnancy, which is too late for 
optimal perinatal outcomes.

Hybrid closed-loop (HCL) systems that provide auto
mated, glucose-responsive, basal insulin delivery with 
manual, self-administered, premeal insulin doses are 
emerging as promising treatment options in the man
agement of type 1 diabetes in pregnancy.19–23 However, most 
HCL systems are currently not approved for use in 
pregnancy and the gestational changes in insulin require
ments could alter the effectiveness and safety of HCL 
systems that use algorithms derived from non-pregnant 
populations.

Reducing intake of carbohydrates with high glycaemic 
index and limiting gestational weight gain are also 
important to optimise antenatal glycaemia and to reduce 
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the risk for pregnancy complications.24 In addition, phar
macological treatment with antihypertensive medications 
and low-dose aspirin might be needed to reduce the risk 
for pre-eclampsia and preterm delivery.3,25 Therefore, 
a multitargeted approach that focuses on more than 
glycaemic management is needed (figure 1). In this Review 
we discuss the latest evidence on pre-pregnancy care, 
lifestyle recommendations, pharmacological treatment, 
management of diabetes-related complications, and novel 
technologies for achieving and maintaining glycaemic 
targets in pregnancies of women with type 1 diabetes. 
Attention should also be paid to the psychosocial effect of 
this multitargeted approach in pregnant women with 
type 1 diabetes. We also discuss the contemporary studies 
evaluating HCL systems in pregnancy of women with 
type 1 diabetes. 

Pre-pregnancy care
Pre-pregnancy care programmes for women with type 1 
diabetes are associated with increased intake of folic acid 
preconception, fewer women smoking, decreased 
consumption of potentially teratogenic medication at 
conception, and a lower HbA1c throughout pregnancy 
compared with women not involved in these 
programmes.26,27 Moreover, attendance at pre-pregnancy 
care programmes has shown to reduce or prevent several 
pregnancy complications, such as congenital malfor
mations.26,27 Improving pre-existing skills of glycaemic 
self-management is also important to minimise the risk 
of hypoglycaemia and hyperglycaemia in pregnancy. 
Besides achieving and maintaining glucose concen
trations within target, gaining dietary advice by 
a specialist dietitian trained in type 1 diabetes to count 
carbohydrates and manage weight before pregnancy is 
recommended by health-care professionals. Despite pre-
pregnancy care programmes being clinically effective and 
cost-saving, less than 40% of women with type 1 diabetes 
receive formal pre-pregnancy care.27 Barriers for women 
with type 1 diabetes in attending pre-pregnancy care can 
include insufficient awareness, unclear communication 
from health-care providers, and logistical problems, such 
as difficulty in getting time off work and childcare.27 
Insufficient pre-pregnancy care can also be because of 
factors relating to the clinician, which might include the 
physician’s insufficient knowledge about the importance 
of pre-pregnancy care, time constraints during 
appointments, and discomfort at discussing pregnancy 
and contraception.27

Management of diabetes-related complications
A history of severe hypoglycaemia within the past year, 
impaired hypoglycaemia awareness, longer diabetes 
duration, and HbA1c maximum 6·5% (48 mmol/mol) 
in the first trimester can all increase the risk for 
severe hypoglycaemia in pregnancy.9 Increased use of 
insulin analogues, insulin pump therapy, and CGM has 
reduced the incidence of severe hypoglycaemia alongside 

a reduction of insulin dose by 10–20% at 8–16 weeks’ 
gestation and limiting supplementary insulin between 
meals.28

Diabetic ketoacidosis occurs in 0·5–10% of pregnancies 
with type 1 diabetes, and has a high risk for maternal-
fetal morbidity and fetal loss (10–35%).29 The altered 
metabolic environment of pregnancy means that diabetic 
ketoacidosis can develop more rapidly at less severe 
hyperglycaemia than in non-pregnant women and even 
during normoglycaemia (appendix p 4). Prenatal 
counselling of women with type 1 diabetes should 
therefore include and reinforce education on the preven
tion of diabetic ketoacidosis and associated symptoms.

Despite the aim to maintain glycaemic target ranges in 
women with type 1 diabetes during pregnancy, the 
progression of diabetic retinopathy remains higher than 
in non-pregnant adults with diabetes, with a pooled 
progression rate per 100 pregnancies for new diabetic 
retinopathy of 15 and worsened non-proliferative diabetic 
retinopathy of 31.30 A 2021 study showed that elevated 
HbA1c and a duration of diabetes of at least 10 years were 
risk factors for diabetic retinopathy progression and in 
women with pre-pregnancy diabetic retinopathy, 
treatment with an insulin pump decreased the risk for the 
progression of diabetic retinopathy.31 Due to the increased 
risk for progression during pregnancy, screening for 
diabetic retinopathy in each trimester is suggested.11,32 
However, this can probably be safely reduced for women 
without diabetic retinopathy in early pregnancy and HbA1c 
less than 7·0% (53 mmol/L), as these women are unlikely 
to develop sight-threatening diabetic retinopathy.32
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Figure 1: Multitargeted management of pregnancies in women with type 1 diabetes, including pre-
pregnancy care, lifestyle, pharmacological, psychosocial, and technology approaches, to reduce the risk for 
perinatal complications
CGM=continuous glucose monitoring. CSII=continuous subcutaneous insulin infusion. SAP=sensor-augmented 
pump. *The recommended minimum intake of carbohydrates in pregnancy is uncertain because of limited evidence.
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Pre-eclampsia and early preterm delivery (ie, 
<34 weeks) can occur in up to 60% of pregnancies in 
women with type 1 diabetes with nephropathy.33 
Nephropathy can also progress during pregnancy, 
therefore screening for proteinuria in each trimester is 
recommended (figure 1).11,34

Lifestyle recommendations
Dietary recommendations
In adults with type 1 diabetes, carbohydrate counting 
has been shown to reduce HbA1c concentrations with 
reduced hypoglycaemia.35 Carbohydrate quantity is also 
positively associated with HbA1c in pregnancy in women 
with type 1 diabetes, suggesting that carbohydrate 
counting might also be important to facilitate glycaemic 
management in pregnancy.36,37 Appropriate carbohy
drate counting is also needed with HCL systems to 
provide an appropriate bolus to limit postprandial 
hyperglycaemia.

As the quantity of carbohydrate intake is the main dietary 
factor affecting postprandial glucose concentrations, a low
ered proportion of carbohydrate intake (ie, 40% of total 
energy intake) during pregnancy has been suggested for 
women with type 1 diabetes.38 In addition, the intake of 
carbohydrates with low glycaemic index (eg, bread, whole 
grain, and high-fibre fruit) is preferred because these 
products have a high content of fibres, which is shown to 
be inversely associated with insulin requirements in 
people with type 1 diabetes and has positive effects on 
postprandial glucose concentrations.39 The amount of 
carbohydrate intake in pregnancy considered sufficient to 
prevent ketone concentrations is unknown. The National 
Academy of Medicine (NAM, previously known as the 
Institute of Medicine) guidelines recommend a minimum 
intake of 175 g of carbohydrates daily in pregnancy 
irrespective of BMI to promote typical fetal brain 
development and to limit the risk of ketone formation, 
which might be associated with a reduced childhood 
intelligence quotient.40,41 This amount of carbohydrate can 
be obtained by consuming 20 g at breakfast, 50 g at lunch, 
50 g at dinner, and three snacks of 10–20 g during the day. 
To avoid hyperglycaemia after breakfast because of 
increased insulin resistance in the morning, a low-
carbohydrate breakfast has been suggested.38

In addition to hyperglycaemia, pre-pregnancy obesity 
and maternal lipid concentrations also have an important 
role in fetal overgrowth and its associated complications.42 
The proportion of people with obesity and type 1 diabetes 
is increasing.43 Several studies have shown that elevated 
triglycerides in the first and third trimester and low 
HDL-cholesterol throughout pregnancy are predictive of 
LGA infants independent of chronic glycaemia in type 1 
diabetes.44,45 Type 1 diabetes has also been shown to lead 
to an augmented placental transfer of lipids, especially 
free fatty acids.46 Losing weight before pregnancy to 
achieve a BMI of less than 25 kg/m², minimising 
gestational weight gain according to the NAM guidelines, 

lowering maternal triglyceride concentrations by a low-
fat diet with reduced intake of saturated fat, and 
increasing fibre intake might lead to less excessive fetal 
growth and lower rates of pre-eclampsia.42 However, to 
the best of our knowledge, data from randomised 
controlled trials specifically targeting the management of 
maternal lipids in pregnant women with type 1 diabetes 
are absent.

Despite the importance of an appropriate diet in 
pregnancy, diets of pregnant women with type 1 diabetes 
are often high in fat, low in fibre, and almost half of the 
daily carbohydrate intake derived from high glycaemic 
index sources.47 To optimise maternal nutrition, coun
selling by a dietitian familiar with the management of 
type 1 diabetes in pregnancy should be offered to all 
pregnant women with type 1 diabetes.

To reduce the risk for congenital malformations, folic 
acid supplementation is recommended for all women 
at preconception and during the first trimester of 
pregnancy.11 There is no consensus on the dose of folic 
acid and recommended doses range from 400 μg/day to 
5 mg/day.48 Although there are conflicting data on 
vitamin D supplementation, ensuring vitamin D is also 
maintained within the reference range during pregnancy 
is important.49

Physical activity
Exercise of low-to-moderate intensity in women with 
gestational diabetes has been shown to be safe and improve 
blood glucose. Therefore, most guidelines recommend 
that pregnant women with type 1 diabetes, especially if 
glycaemia is within target, should also engage in regular 
physical activity (eg, 150 min per week of moderate-
intensity physical activity).11,50,51 However, there are few 
studies that evaluated physical activity in pregnant women 
with type 1 diabetes.50,52 The only randomised controlled 
trial on exercise—20 min of postprandial walking three 
times per week, starting in the late first trimester—in 
pregnant women with type 1 diabetes was published in 
1987 and observed lower average glucose concentrations 
without increase in hypoglycaemia in the exercise group 
compared with the non-exercise group. Additionally, there 
were fewer caesarean sections and lower rates of neonatal 
hypoglycaemia and macrosomia in the exercise group 
compared with the non-exercise group.52

Gestational weight gain
The NAM recommends optimal targets for gestational 
weight gain based on pre-pregnancy BMI in women 
without type 1 diabetes: 11·5–16·0 kg for women with 
normal weight, 7·0–11·5 kg for women with overweight, 
and 5·0–9·0 kg for women with obesity.40 Avoiding 
excessive gestational weight gain in women with type 1 
diabetes is important as high gestational weight gain is 
associated with hypertensive disorders of pregnancy and 
increased offspring birthweight independent of glycaemic 
control and pre-pregnancy BMI.24 Moreover, exceeding 
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the NAM guidelines for gestational weight gain in women 
with type 1 diabetes might also be associated with an 
increased long-term risk (odds ratio [OR] 7·50) for 
offspring to have overweight and obesity at adolescence.53 
For women with diabetes, gestational weight gain close to 
or slightly lower than the lower limits of the NAM 
guidelines seems therefore most appropriate, although 
randomised controlled trial data are absent.40,48

Pharmacological approaches
Antihypertensive treatment
Hypertensive disorders in pregnancy, such as chronic 
hypertension, pregnancy-induced hypertension (ie, devel
oping after 20 weeks), and pre-eclampsia (ie, hyperten
sion in combination with proteinuria or new onset of 
symptoms of maternal organ dysfunction after 20 weeks), 
affect up to 40% of pregnancies in women with type 1 
diabetes.54 High-diastolic blood pressure is the main, 
potentially modifiable predictor for pre-eclampsia in 
women with type 1 diabetes.3 Pre-eclampsia in women 
with type 1 diabetes often develops before 37 weeks, 
leading to higher rates of preterm birth than when pre-
eclampsia is not present.55 Both elevated home and office 
blood pressure in early pregnancy are positively associated 
with the development of pre-eclampsia and are useful 
for prediction of pre-eclampsia in pregnant women with 
type 1 diabetes.56 Several studies have shown that early 
and intensive antihypertensive treatment (ie, if blood 
pressure >135/85 mm Hg or urinary albumin excretion 
≥300 mg per 24 h) in pregnant women with type 1 
diabetes and diabetic kidney disease can reduce the pre
valence of preeclampsia.3,57–59 Angiotensin-converting 
enzyme inhibitors or angiotensin II receptor blockers 
should be replaced before pregnancy due to possible 
teratogenic risk, with antihypertensive therapy approved 
for use in pregnancy.60 Methyldopa is widely used, but the 
addition of labetalol or a calcium antagonist (ie, nifedipine 
or diltiazem) could be indicated to manage hypertension 
and albuminuria.57,59,61

Low-dose aspirin
Aspirin is often prescribed to pregnant women at 
increased risk of developing pre-eclampsia.25 The largest 
randomised controlled trial assessing aspirin in 
pregnant women to date, the Aspirin for Evidence-
Based Preeclampsia Prevention study,62 showed that, 
compared with placebo, treatment with aspirin at 
150 mg per day taken from 11–14 weeks until 36 weeks 
reduced the risk for preterm pre-eclampsia before 
37 weeks with an OR of 0·38 in women at high risk for 
pre-eclampsia. However, less than 2% of the total study 
population had diabetes.62 Only two smaller randomised 
controlled trials have investigated the use of aspirin in 
women with pregestational diabetes, showing no risk 
reduction for pre-eclampsia.63,64 However, treatment with 
aspirin was mostly started in the second trimester, 
suggesting that aspirin therapy might be more beneficial 

if started early in gestation. A large, Danish, prospective 
cohort study showed that implementation of prophylactic 
aspirin for all pregnant women with type 1 diabetes and 
type 2 diabetes did not reduce the risk for pre-eclampsia 
compared with the previous risk-based prophylaxis 
strategy.25 However, this study was not randomised and 
might have been underpowered. Therefore, evidence 
suggests that women with type 1 diabetes with additional 
risk factors, such as a previous history of pre-eclampsia, 
chronic hypertension, or diabetic kidney disease, should 
receive prophylactic aspirin starting before 16 weeks of 
pregnancy. However, given the scarcity of data, whether 
women with type 1 diabetes at low risk would equally 
benefit from the use of prophylactic aspirin in pregnancy 
is less clear. The IRELAND study65 (EudraCT 
2018‑000770‑29) is an ongoing randomised controlled 
trial investigating the potential benefit of low-dose 
aspirin in preventing pre-eclampsia in women with 
pregestational diabetes and will evaluate whether aspirin 
should be universally prescribed to women with 
pregestational diabetes in the first trimester of pregnancy.

Insulins for type 1 diabetes during pregnancy
In pregnant women with type 1 diabetes, insulin 
analogues are the first choice compared with human 
insulins because the fast-acting insulin analogues offer 
more flexibility and reduce the risk of hypoglycaemia and 
the long-acting insulin analogues are active for up to 
24–42 h with lower risk of nocturnal hypoglycaemia.66

The short-acting insulin analogues, lispro and aspart, 
are approved for use in pregnancy and studies have 
shown similar achievement of glycaemic targets and 
pregnancy outcomes as regular human insulin.67,68 The 
newer, ultra-rapid acting insulin formulations, rapid-
acting aspart (Fiasp) and rapid-acting lispro (Lyumjev) 
have also received European approval for use in pregnancy 
as they only differ from their previous iterations by the 
addition of ingredients that are generally regarded as 
safe.69,70 However, there is currently no evidence that these 
new formulations lead to increased time in range or 
improved pregnancy outcomes compared with rapid-
acting inulin analogues. The results from a large 
randomised controlled trial (NCT03770767) comparing 
Fiasp to aspart in pregnancy are expected in 2023.71 
Glulisine is not approved for use in pregnancy due to an 
absence of data from large studies.61,66 To account for 
increased post-meal insulin resistance and delayed 
insulin absorption with advancing gestation, the short-
acting insulin analogues should be injected at least 
15 min before meals in early pregnancy, extending to 
30–45 min before meals in late gestation.72

A large randomised controlled trial has shown lower 
fasting glycaemia with the long-acting insulin analogue, 
insulin detemir, compared with neutral protamine 
Hagedorn insulin with similar HbA1c and rates of 
hypoglycaemia.73 There are no randomised controlled 
trials that use glargine in pregnancy, but both glargine 
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U100 and U300 are commonly used in pregnancy as 
observational data have not shown any safety issues.66,74 
A 2022 prospective cohort study showed that degludec 
resulted in similar metabolic control and pregnancy 
outcomes compared with glargine or detemir.75 The 
multicentre randomised controlled trial (EXPECT76) 
in pregnant women with type 1 diabetes, comparing 
degludec with detemir (both in combination with insulin 
aspart), found degludec to be non-inferior to detemir 
with similar HbA1c and pregnancy outcome. On the basis 
of this study, degludec is no longer contraindicated in 
pregnancy in Europe, the USA, and Canada.

The use of technology for glycaemic management
CGM in type 1 diabetes pregnancy
CGM technology has led to better management of type 1 
diabetes, leading to less hypoglycaemia, lower HbA1c 
concentrations, and improved treatment satisfaction.77,78 
Real-time CGM (rt-CGM) continuously collects glucose 
data and transmits them every 1–5 min to a receiver, 
insulin pump, or smartphone application, whereas 
intermittently scanned CGM (is-CGM) requires the patient 
to actively scan the sensor to view glucose concentrations.79 
Four randomised controlled trials have investigated the 
use of CGM compared with self-monitoring of blood 
glucose (SMBG) alone in women with type 1 diabetes in 
pregnancy (appendix p 2).13,80–82 Two studies investigated 
intermittent use of a masked CGM in a mixed population, 
which included individuals with type 1 diabetes, type 2 
diabetes, and, in one study, also including women with 
gestational diabetes, and showed conflicting results.80,81 
The first randomised controlled trial evaluating 
intermittent rt-CGM at five points during pregnancy 
showed no improvement in HbA1c concentrations or 
improvement in pregnancy outcomes.82 However rt-CGM 
was only used intermittently and only 49 (62%) of 
79 participants used the rt-CGM as per protocol due to 
alarm fatigue or technical issues. Studies in non-pregnant 
adults have indicated that CGM use of at least 70–80% of 
the time is needed for optimal effects.79

The largest randomised controlled trial to date on 
CGM in pregnancy, the continuous glucose monitoring 
in pregnant women with type 1 diabetes (CONCEPTT) 
trial,13 showed that the use of rt-CGM in addition to 
SMBG was associated with lower HbA1c concentrations, 
higher TIR, and less glycaemic variability compared 
with SMBG alone. In addition, neonatal outcomes were 
improved, with reductions in LGA infants, NICU 
admissions for longer than 24 h, and neonatal 
hypoglycaemia requiring IV dextrose infusion (with a 
number to treat between 6–8).13 Strengths of this study 
are the large sample size (325 participants) and the fact 
that randomisation was stratified according to the use 
of multiple daily injections (MDI), continuous 
subcutaneous insulin infusion therapy (CSII), and 
baseline HbA1c.. Moreover, only participants who 
showed sufficient compliance with CGM use were 

randomly assigned in the study. As only pregnant 
women with HbA1c between 6·5% (48 mmol/mol) and 
10·0% (86 mmol/mol) could participate, whether 
women with lower HbA1c in early pregnancy, can also 
benefit from rt-CGM use remains less clear. The 
continuous glucose monitoring in pregnant women with 
type 1 diabetes (CONCEPTT) trial also showed that the 
use of CGM results in important cost savings in the UK, 
driven by fewer NICU admissions83 and the potential to 
have improved neonatal outcomes at no increased costs 
when used in Canada.84 Therefore, the diabetes 
guidelines in the UK and Canada recommend the use of 
rt-CGM for all pregnant women with type 1 diabetes.85,86

CGM systems approved for use in pregnancy are 
presented (table 1). There are currently no randomised 
controlled trial data on the use of is-CGM, such as the 
Freestyle Libre (Flash), on glycaemia and pregnancy 
outcomes in women with type 1 diabetes. A study in 
pregnant women with diabetes showed that, compared 
with SMBG, FreeStyle Libre 1 (FSL1) is safe to use in 
pregnancy with improved treatment satisfaction and 
similar accuracy irrespective of type of diabetes, pregnancy 
duration, or BMI.87 Another study showed that FSL1 gave 
lower glucose estimates than SMBG in pregnancy.88 In 
addition, simultaneously monitoring with FSL1 and 
rt-CGM for 7 days in early pregnancy showed that FSL1 
measured more TBRp during the night time compared 
with rt-CGM.89 Asymptomatic nocturnal hypoglycaemia 
measured by FSL1 should therefore not necessarily lead to 
insulin dose reduction or increased carbohydrate intake 
unless the hypoglycaemia is confirmed. A real-world 
cohort study comparing FSL1 to SMBG in type 1 diabetes 
pregnancies showed a transient lower HbA1c in the second 
trimester, but more neonatal hypoglycaemia (27·4% vs 
19·1%) in the infants of FSL1 users.100 The reason is 
unclear, but FSL1 might have led to falsely lower glucose 
values, increasing the risk for suboptimal glycaemic 
management. The new versions of FSL (ie, the is-CGM 
FreeStyle Libre 2 and the rt-CGM FreeStyle Libre 3) have, 
in contrast to the first version, improved accuracy and 
optional alarms that warn the user of hypoglycaemia or 
hyperglycaemia.101 Whether the frequent measurement of 
lower glucose values in pregnancy also occurs with the 
newer FSL versions is unclear.

In women with type 1 diabetes, higher mean CGM 
glucose profiles starting from 10 weeks gestation 
onwards are associated with LGA infants.102,103 Along 
with higher HbA1c, lower TIRp and higher time above 
range (TARp) were consistently predictive for obstetric 
and neonatal complications.90,91,104 A Chinese study found 
a moderate correlation between HbA1c and TIRp during 
pregnancy, suggesting that TIRp of at least 78% is needed 
to achieve a target HbA1c of less than 6·0%.105 In a US 
study, the correlation between HbA1c and TIRp during 
the second and third trimesters was high, but lower in 
the first trimester. Moreover, the glucose management 
indicator (GMI; a mathematical formula to estimate 
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HbA1c from CGM glucose concentrations) had a high 
correlation with HbA1c in all trimesters.91

The use of CGM also reduces fear of hypoglycaemia 
and improves detection of asymptomatic nocturnal 
hypoglycaemia.92,106,107 CGM might also facilitate follow-
up by telemedicine and lead to improved user 
experiences and easier provision of information to 
guide clinical decisions, but the evidence in pregnant 
women with type 1 diabetes is scarce.108,109

Use of insulin pump therapy
In high-income countries, between 30% and 90% of 
pregnant women with type 1 diabetes use insulin pumps 
to adapt to glycaemic variability in early pregnancy and to 
adjust for the increasing insulin doses later in 
pregnancy.1,6,110 Still, meta-analyses, mostly including 
studies from before 2010, do not show better glycaemic 
management or improvement of pregnancy outcomes in 
women using CSII compared with MDI.111–113 A 
retrospective study reported higher rates of LGA infants 
in women using insulin pumps than in women using 
MDI, possibly mediated by excess maternal weight gain, 
which was more frequent in those on CSII than in women 
on MDI.114 Moreover, a secondary analysis of the 
CONCEPTT trial indicated that women on MDI more 
frequently kept to second trimester HbA1c targets, with 
lower rates of gestational hypertension, neonatal 
hypoglycaemia, and NICU admissions compared with 
women on CSII.115 The pregnancy outcomes were 
adjusted for important baseline maternal characteristics, 
including age and HbA1c. The glycaemic differences in 
pump users were not explained by maternal dietary 
intake.47 However, as women were not randomly assigned 
to MDI or CSII, preferences of participants and 
professionals for MDI or CSII might have led to residual 
confounding and whether pump treatment was optimally 
implemented was unclear. This finding suggests that 
frequent adjustments of insulin pump settings are 
necessary with more aggressive basal doses and premeal 
boluses, especially from mid-gestation onwards when 
insulin resistance increases.116

Sensor-augmented pump (SAP) therapy refers to the 
use of an insulin pump and a CGM simultaneously, 
either without connectivity between the two devices or 
with the connectivity that allows the pump to suspend 
basal insulin delivery for low sensor glucose concen
trations. SAP therapy has the advantage that it can reduce 
the risk of hypoglycaemia as shown by studies in non-
pregnant adults and children.117–120 Although SAP therapy 
with low-glucose suspend technology can protect against 
hypoglycaemia in pregnant women with type 1 diabetes,121,122 
whether it can improve pregnancy outcomes compared 
with standard insulin pump therapy remains unclear. In 
addition, the increased time of insulin suspension 
associated with SAP therapy and low glucose suspend 
technology could theoretically lead to increased rebound 
hyperglycaemia and ketonaemia in pregnancy. A small 
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crossover randomised controlled trial in pregnant women 
with type 1 diabetes showed that, despite longer time 
periods with suspended insulin delivery when predictive 
low glucose suspend (PLGS) was used, there was no 
increased ketonaemia, with less time in hypoglycaemia, 
and similar TIR and treatment satisfaction compared with 
the use of the low glucose suspend.123 This finding suggests 
that PLGS might be a safe option for pregnant women at 
high risk for hypoglycaemia, such as women with a recent 
history of severe hypoglycaemia or with impaired hypo
glycaemia awareness.8,9

Management during delivery and early postpartum
Whether falling insulin requirements (ie, ≥20%) in late 
pregnancy are a warning sign of placental insufficiency or 
if they mainly reflect variations in normal physiology 
remains unclear. A 2022 observational study showed 
no association between a 30% decrease in insulin 
requirements with neonatal morbidity, although this 
finding might be because earlier delivery prevented 
these complications.124 In general, guidelines recom
mend intrapartum capillary glucose concentrations of 
4·0–7·0 mmol/L (70–126 mg/dL) in women with diabetes 
to reduce the risk for neonatal hypoglycaemia.125,126 
However, studies published more recently than these guide
lines suggest that persistent maternal hyperglycaemia 
during second and third trimesters of pregnancy is 
strongly associated with neonatal hypoglycaemia, whereas 
a 5–7% TIR increase is associated with less neonatal 
hypoglycaemia.126–128 Therefore, target glycaemic concen
trations during labour and the delivery might not be able 
to reverse fetal hyperinsulinaemia.129 The Joint British 
Diabetes Society for Inpatient Care has proposed a more 
pragmatic approach than the previous recommendations, 
with safer intrapartum glycaemic targets (5·0–8·0 mmol/L 
[90–144 mg/dL]) to facilitate self-management and reduce 
the risk of severe maternal hypoglycaemia.126 Retrospective 
cohort studies have shown that continuation of 
intrapartum insulin pump therapy with CGM can be 
a safe option, without differences in the time spent in 
hypoglycaemia, whereas some studies showed improved 
glucose values in selected insulin pump users.130,131 Given 
that insulin resistance drops immediately after delivery, 
the insulin doses should be reduced by at least 50% 
postpartum compared with late third trimester doses.126 If 
women are breastfeeding, insulin requirements are 
approximately 20% lower than pre-pregnancy.132–135 If 
insulin doses are reduced appropriately with sufficient 
carbohydrate intake during day-time, there is a low risk 
for night-time hypoglycaemia and carbohydrate intake at 
each night-time breastfeed is not always necessary.133

Use of HCL systems
HCL insulin delivery systems offer automated glucose-
responsive basal insulin delivery. Some HCL systems also 
provide automated hyperglycaemia correction boluses, 
whereas others do not.136 Outside pregnancy, HCL systems 

have led to a paradigm shift in the management of type 1 
diabetes, with on average a 12% higher TIR 
(3·9–10·0 mmol/L [70–180 mg/dL]) compared with con
ventional pump therapy, with low risk of hypoglyc
aemia.137,138

CGM and insulin pumps are generally started before 
pregnancy to optimise preconception glycaemia and 
avoid the need to switch therapy during early pregnancy. 
Moreover, HCL systems are increasingly used as standard 
of care for the management of type 1 diabetes outside 
pregnancy and, given that unplanned pregnancies are 
still common, women might become pregnant while 
using these systems. In these cases, pregnant women and 
clinicians face the dilemma of whether they should switch 
to manual mode (ie, SAP therapy) or continue with HCL 
therapy. Some pumps (eg, Medtronic MiniMed; 
Medtronic, Northridge, CA, USA) might also allow the 
use of a suspend-on-low or PLGS instead of HCL with the 
same device if deemed beneficial for the individual. Other 
HCL systems (eg, Tandem Diabetes Care [San Diego, CA, 
USA] and Insulet [Acton, MA, USA]) offer SAP without 
insulin suspension or HCL within the same systems. 
These issues highlight the need for more evidence on the 
different HCL systems in pregnancy. An overview of the 
advantages and potential limitations of current HCL 
systems in pregnancy is provided (figure 2).

Studies with HCL systems in pregnancy
The first studies evaluating HCL insulin delivery in 
pregnant women with type 1 diabetes were performed 
more than 10 years ago in the UK. Two feasibility studies 
showed that a high TIR could be achieved safely and less 
time spent in extreme hypoglycaemia (table 2).20,21 
Two phase 2 pilot randomised controlled trials suggested 
proof of concept of HCL use in home settings (table 2). 
The first crossover randomised controlled trial showed 
that overnight HCL use was significantly more effective 
than SAP therapy with higher TIR.22 A second crossover 
randomised controlled trial in a broader patient 
population, half of whom had HbA1c of more than 7·5%, 
showed no significant differences in TIR between HCL 
and SAP therapy.23 However, there was less time at less 
than 3·5 mmol/L (63 mg/dL) and less nocturnal 
hypoglycaemia during the use of HCL than during the use 
of SAP therapy. A secondary analysis of these two crossover 
randomised controlled trials reported that 84·4% of 
participants continued to use HCL intrapartum and 
postpartum, with a mean TIR of 82·0% during delivery 
and 83·3% postpartum.139 In general, women expressed 
high degrees of trust in the HCL system, with feelings of 
improved glucose concentrations and increased peace of 
mind. However, women also reported concerns about 
CGM accuracy and burden of maintenance require
ments.140 Most women became more positive throughout 
pregnancy as their experience with using the HCL 
technology increased.141 However, the study devices used 
10 years ago were far less sophisticated than the 
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commercially available HCL systems today, which might 
have led to more burden with the devices.

A consortium from the USA designed a zone model 
predictive control (zone-MPC)-based, closed-loop 
system specifically customised for use in pregnancy, 
allowing for lower glycaemic targets than most 
comercially available HCL systems (4·4–6·1 mmol/L 
[80–110 mg/dL] during the day and 4·4–5·5 mmol/L 
[80–100 mg/dL] during the night).142 The zone-MPC 
algorithm (Harvard University) runs on the 
interoperable artificial pancreas system (iAPS), which 
consists of the Dexcom G6 (Dexcom, San Diego, CA, 
USA), the Tandem t:AP research insulin pump, and an 
unlocked smartphone.143 Meals need to be announced to 
the system by the user and meal boluses are calculated 
on the basis of the participants’ prescribed bolus settings 
and user-estimated carbohydrate intake. In a pilot 
observational study,19 11 women with type 1 diabetes on 
SAP therapy switched to the HCL system for 2 days 
(table 2). Compared with the 1 week run-in period with 
SAP therapy, TIR was higher with the HCL system with 
less time in hypoglycaemia.19

Several larger and longer multicentre trials examining 
the clinical efficacy and safety of HCL systems in 
pregnant women with type 1 diabetes are currently 
ongoing or have been recently completed (table 3). The 
Pregnancy Intervention With a Closed-Loop System 
study is a pilot randomised controlled trial investigating 
the first commercially available HCL system, Medtronic 
670G, compared with SAP therapy in pregnant women 
with type 1 diabetes. The limitation of the 670G system is 
that it uses an algorithm to target on average glucose of 
6·7 mmol/L (120 mg/dL), which is not customisable to 
lower glucose concentrations and is higher than the 
recommended target for overnight use in pregnancy.144

The Automated insulin Delivery Amongst Pregnant 
women with Type 1 diabetes (AiDAPT) trial is the largest 
randomised controlled trial on HCL in pregnant women 
with type 1 diabetes and investigates the CamAPS 
(University of Cambridge, Cambridge, UK) with Dexcom 
G6 compared with standard of care (ie, pump or MDI).94 
The CamAPS is the first HCL system specifically licensed 
in 13 countries for use in pregnancy (eg, the UK, other 
European countries, and Australia; table 1). The CamAPS 
is compatible with several insulin pumps (mylife 
YpsoPump [Ypsomed, Burgdorf, Switzerland], DANA 
Diabecare RS [SOOIL, Seoul, South Korea], and DANA-I 
[SOOIL, Seoul, South Korea]) and with the Dexcom 
sensors (G6, G7) and FreeStyle Libre 3,145,146 and both 
rapid and ultra-rapid insulin analogues can be used.147 
In contrast to other available commercial HCL systems, 
the CamAPS offers fully customisable glucose targets 
(4·4–11·1 mmol/L [80–200 mg/dL]). The lower limit of 
target glucose means that CamAPS is particularly 
applicable for use during pregnancy, when targets are 
typically set at 5·5 mmol/L (100 mg/dL) during the first 
trimester and 5·0 mmol/L (90 mg/dL) thereafter (table 1).

Several next-generation HCL systems (eg, the Tandem 
t:slim X2 with Control IQ, the Medtronic 780G, and 
DBLG1 [Diabeloop, Grenoble, France] systems) received 
approval in non-pregnant adults in 2020,148–150 but are 
currently not approved for use in pregnancy (table 1). 
These HCL systems allow for a lower glucose target set 
(lowest target of 5·5 mmol/L [100 mg/dL] for the 
Medtronic 780G, 6·2–6·7 mmol/L (112·5–120 mg/dL) for 
the Tandem t:slim X2 with Control IQ, and 6·1 mmol/L 
[110 mg/dL] for DBLG1 and Insulet Omnipod 5), which 
might potentially lead to improved glycaemia compared 
with the 670G and 770G systems. The 780G system uses 
an algorithm that automatically adapts the basal rate and 
provides automated hyperglycaemia correction boluses. 
This type of HCL system might be particularly useful for 
women who prefer a HCL without the need for much 
intervention. In contrast, with the Tandem t:slim X2 with 
Control IQ, the basal rate and insulin sensitivity can be 
adapted, which might be a good option for women who 
prefer a HCL system that is less automated and allows 
for more personal intervention than the Medtronic 780G 
system. The closed-loop insulin delivery in pregnant 
women with type 1 diabetes (CRISTAL) study is the 
second largest randomised controlled trial comparing 
the Medtronic 780G system with standard of care.144 The 
closed-loop Insulin delivery by glucose Responsive 
Computer algorithms In Type 1 diabetes pregnancies 
(CIRCUIT) study compares the Tandem t:slim X2 pump 
with Control IQ and Dexcom G6 versus standard of care 
with a Dexcom G6 sensor. Although the AiDAPT and 
CIRCUIT studies compare HCL to standard of care by 
use of the Dexcom G6 sensor, the CRISTAL study allows 

Figure 2: Potential limitations of available HCL insulin delivery systems in pregnancy in women with type 1 
diabetes and the advantages over the use of non-closed-loop CSII or MDI
TIRp=time in range in pregnancy.

Limitations:
• Not officially approved for 
 use in pregnancy (ie, scarcity 
 of studies in pregnancy of 
 many hybrid closed-loop 
 systems)
• Glycaemic target not 
 appropriate for pregnancy
• System insufficiently flexible 
 to adapt fast enough to 
 increasing insulin need in 
 pregnancy ≥20 weeks 
 onwards, with increased risk 
 for postprandial 
 hyperglycaemia 
• Need for faster-acting 
 insulins, especially later in 
 pregnancy
• Insufficient possibilities for 
 adaptation for physical 
 activity
• Patients must adequately 
 count carbohydrates
• Fear of technical problems
• Alarm fatigue
• Cost, if not covered by 
 insurance

Advantages:
• Automatic system with less 
 need for intervention by 
 health-care professionals 
 and patient
• Less glycaemic variability
• Lower risk of severe 
 hypoglycaemia
• Less fear of nocturnal 
 hypoglycaemia
• Higher TIRp overnight
• Better sleep quality
• Potential for improved 
 glycaemic control and fewer 
 pregnancy complications 
 (more evidence needed)

Hybrid closed-loop insulin 
delivery systems in pregnant 
women with type 1 diabetes
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for the use of all types of glucose sensors in line with 
routine care and has no lower limit in HbA1c for inclu
sion, therefore also evaluating women with near-target 
glucose concentrations (table 3). The observational 
study of the Longitudinal Observation of Insulin 
requirements and Sensor use in Pregnancy (LOIS-P)  
consortium evaluates the home use of the iAPS with 
a pregnancy-specific zone-MPC algorithm. Given 
that this algorithm allows for lower glycaemic targets 
(4·4–6·1 mmol/L [80–110 mg/dL] during the day and 
4·4–5·5 mmol/L [80–100 mg/dL] during the night) 
compared with the commercially available Tandem t:slim 
X2 pump with Control IQ, this technology might be 
particularly useful for the more strict glycaemic targets 
needed in pregnancy.

The sample size of the studies is powered for primary 
maternal glycaemic efficacy outcome, such as the 
percentage TIRp. Secondary outcomes include severe 
hypoglycaemia and diabetic ketoacidosis, adverse events, 
obstetric and neonatal outcomes, and participant-reported 
outcomes (eg, treatment satisfaction, general health status, 
and fear for hypoglycaemia). These studies will report on 
whether HCL systems can improve glycaemic 
management in type 1 diabetes pregnancies. Several 
studies will also investigate the cost-effectiveness of HCL 
systems in pregnancy.94,95 However, given that none of 
these individual studies are powered for pregnancy 
outcomes, we have established an interna
tional collaborative network to perform a meta-analysis to 
evaluate the effect of HCL use on obstetric and neonatal 
outcomes. In addition, as participant-reported outcomes 
should be prioritised and considered as equally important 
as glycaemic outcomes, this meta-analysis will also include 
participant-reported outcomes to identify the psychosocial 
effect of HCL use in pregnancy. To facilitate the real-world 
adoption of HCL systems in pregnant women with type 1 
diabetes, presenting HCL to pregnant women and health-
care professionals as a pillar of a three-party collaboration 
might help to promote optimal use.151 However, for broad 
implementation of HCL use in pregnancy, improved equity 
in access to HCL systems worldwide is also needed.

The international consensus on TIR15 does not recom
mend specific TIRp according to the different trimesters. 
However, as is the case for guidelines related to blood 
glucose targets in pregnancy, in women with severe 
hypoglycaemia more relaxed TIRp targets (eg, 60% TIRp 
rather than 70%) might be needed for safety. Moreover, 
the currently recommended TIRp does not distinguish 
between glucose target overnight compared with the 
daytime. Studies with HCL systems (both in non-pregnant 
adults and children as in pregnant women) have shown 
that a higher TIR of approximately 75% is achievable 
overnight compared with during the daytime.22,137,138 Data 
coming from the larger studies on HCL systems in 
pregnancy might inform more specific recommendations 
concerning the targets for TIRp in the different trimesters 
and overnight. Adapted recommendations might be 

needed concerning the timing of the bolus before meals 
when HCL systems are used in pregnancy. Due to the 
automatic adaptation of the basal rate, bolus should be 
given a minimum of 10–15 min before meals, and there 
might be less of a need to administer the bolus 30–45 min 
before meals in late pregnancy, as recommended when 
MDI or insulin pumps are used, although response 
should be individualised on the basis of each woman and 
system used.

Psychosocial experiences
Pregnancy is often a time of heightened anxiety, which 
might be especially applicable for women with type 1 
diabetes as they are advised to consistently achieve blood 
glucose concentrations in the pregnancy target range 
even before becoming pregnant and to maintain this 
target throughout pregnancy. A qualitative study reported 
significant impairment of psychological health and 
overall quality of life in women with type 1 diabetes who 
were pregnant or planning pregnancy. Most women 
reported a lack of support and empathetic engagement 
from their health-care team, which affected their clinical 
management. Barriers for optimal management included 
guilt and concerns about high blood glucose 
concentrations, constant pressure to meet glucose targets, 
and difficult interactions with health-care professionals.152 
Effective clinical and psychosocial support for pregnant 
women with type 1 diabetes is therefore needed.

Conclusion
Glycaemic management in type 1 diabetes pregnancy 
remains challenging with an increased risk of pregnancy 
complications. In addition, a holistic approach is 
necessary with considerations for lifestyle and psychoso
cial support alongside the use of modern technology to 
maintain target glycaemia. Diabetes technology, including 
CGM, insulin pumps, and newly developed HCL systems, 

Search strategy and selection criteria

We searched PubMed for articles published between 
Jan 1, 2000, and March 28, 2023, using the search terms 
“continuous glucose monitoring”, “flash glucose monitoring”, 
“insulin pumps”, “sensor-augmented pump therapy”, 
“closed-loop therapy”, “closed-loop insulin delivery”, “CSII”, 
“automated insulin delivery”, “HbA1c”, “glycaemic control”, 
“hypoglycaemia”, “glycaemic variability”, “time-in-range”, 
“predictive low glucose suspend”, “pregnancy outcomes”, 
“delivery”, “breastfeeding”, “postpartum”, “lifestyle”, “diet”, 
“gestational weight gain”, “blood pressure control”, 
“hypertension”, “low-dose aspirin”, in combination with the 
terms “type 1 diabetes” and “pregnancy”. A literature search 
strategy was developed by combining the different medical 
subject headings, applied as: concept 1 (type 1 diabetes) AND 
concept 2 (pregnancy) AND in combination with other 
consecutive search terms added with OR. 
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hold promise in the management of type 1 diabetes in 
pregnancy. Given that avoiding hypoglycaemia alone is 
not enough to reduce the risk for pregnancy complications, 
HCL systems might help to maximise TIRp and, as such, 
improve obstetric and neonatal outcomes. The effect of 
HCL systems on pregnancy outcomes should be explored 
in a meta-analysis, which would help to guide clinicians 
and women with type 1 diabetes on the use of new 
diabetes technology in pregnancy.
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