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Abstract
Background: Preexisting diabetes (PDM) increases the risk of maternal and perinatal mortality and morbidity. Reduction of maternal 
hyperglycemia prior to and during pregnancy can reduce these risks. Despite compelling evidence that preconception care (PCC), which 
includes achieving strict glycemic goals, reduces the risk of congenital malformations and other adverse pregnancy outcomes, only a minority 
of individuals receive PCC. Suboptimal pregnancy outcomes demonstrated in real-world data highlight the need to further optimize prenatal 
glycemia. New evolving technology shows promise in helping to achieve that goal. Dysglycemia is not the only driver of poor pregnancy 
outcomes in PDM. The increasing impact of obesity on pregnancy outcomes underscores the importance of optimal nutrition and 
management of insulin sensitizing medications during prenatal care for PDM.
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Objective: To provide recommendations for the care of individuals with PDM that lead to a reduction in maternal and neonatal adverse outcomes.
Methods: The Guideline Development Panel (GDP) composed of a multidisciplinary panel of clinical experts, along with experts in guideline methodology 
and systematic literature review, identified and prioritized 10 clinically relevant questions related to the care of individuals with diabetes before, during and 
after pregnancy. The GDP prioritized randomized controlled trials (RCTs) evaluating the effects of different interventions (eg, PCC, nutrition, 
treatment options, delivery) during the reproductive life cycle of individuals with diabetes, including type 1 diabetes mellitus (T1DM) and 
type 2 diabetes mellitus (T2DM). Systematic reviews queried electronic databases for publications related to these 10 clinical questions. 
The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) methodology was used to assess the certainty of 
evidence and develop recommendations. The approach incorporated perspectives from 2 patient representatives and considered patient 
values, costs and resources required, acceptability and feasibility, and impact on health equity of the proposed recommendations.
Results: In individuals with diabetes mellitus who have the possibility of becoming pregnant, we suggest asking a screening question about 
pregnancy intention at every reproductive, diabetes, and primary care visit. Screening for pregnancy intent is also suggested at urgent care/ 
emergency room visits when clinically appropriate (2 | ⊕OOO). This was suggested based on indirect evidence demonstrating a strong 
association between PCC and both reduced glycated hemoglobin (HbA1c) at the first prenatal visit and congenital malformations.

In individuals with diabetes mellitus who have the possibility of becoming pregnant, we suggest use of contraception when pregnancy is not 
desired (2 | ⊕⊕OO). This was suggested based on indirect evidence in women with diabetes, where PCC—including contraception as a key 
component—showed a clinically significant association with improvements in first-trimester HbA1c and the rate of congenital malformations, 
together with indirect evidence from the general population regarding the reduction of unplanned pregnancies and pregnancy terminations with 
the use of contraception.

In individuals with T2DM, we suggest discontinuation of glucagon-like peptide-1 receptor agonist (GLP-1RA) before conception rather than 
discontinuation between the start of pregnancy and the end of the first trimester (2 | ⊕OOO). This was suggested based on limited data on risk 
of exposure to GLP-1RA receptor agonists during pregnancy.

In pregnant individuals with T2DM already on insulin, we suggest against routine addition of metformin (2 | ⊕OOO). This was suggested 
based on the GDP judgment that the benefit of adding metformin to insulin to achieve decrease in rates of large for gestational age infants 
did not outweigh the potential harm of increasing the risk of small for gestational age infants or adverse childhood outcomes related to 
changes in body composition.

In individuals with PDM, we suggest either a carbohydrate-restricted diet (<175 g/day) or usual diet (>175 g/day) during pregnancy (2 | ⊕OOO). This 
was suggested based on the GDP judgment that the available evidence was limited and very indirect, resulting in significant uncertainty about the net 
benefits or harms. As such, the evidence was insufficient to support a recommendation either for or against a carbohydrate intake cutoff of 175 g/day.

In pregnant individuals with T2DM, we suggest either the use of a continuous glucose monitor (CGM) or self-monitoring of blood glucose (SMBG) (2 | 
⊕OOO). There is lack of direct evidence supporting superiority of CGM use over SMBG for T2DM during pregnancy. There is indirect evidence 
supporting improved glucometrics with the use of CGM for individuals with T2DM outside of pregnancy, substantial improvements in neonatal 
outcomes for individuals with T1DM using CGM during pregnancy and the potential for decreasing adverse pregnancy outcomes with improved 
glucometrics in individuals with T2DM.

In individuals with PDM using a CGM, we suggest against the use of a single 24-hour CGM target <140 mg/dL (7.8 mmol/L) in place of standard-of- 
care pregnancy glucose targets of fasting <95 mg/dL (5.3 mmol/L), 1-hour postprandial <140 mg/dL (7.8 mmol/L), and 2-hour postprandial 
< 120 mg/dL (6.7 mmol/L) (2 | ⊕OOO). This was suggested based on indirect evidence that associated adverse pregnancy outcomes with a fasting 
glucose > 126 mg/dL (7 mmol/L).

In individuals with T1DM who are pregnant, we suggest the use of a hybrid closed-loop pump (pump adjusting automatically based on CGM) rather 
than an insulin pump with CGM (without an algorithm) or multiple daily insulin injections with CGM (2 | ⊕OOO). This was suggested based on a meta- 
analysis of RCTs which demonstrated improvement in glucometrics with increased time in range (MD +3.81%; CI −4.24 to 11.86) and reduced time 
below range (MD −0.85%; CI −1.98 to 0.28) with the use of hybrid closed-loop pump technology.

In individuals with PDM, we suggest early delivery based on risk assessment rather than expectant management (2 | ⊕OOO). This was suggested 
based on indirect evidence that risks may outweigh benefits of expectant management beyond 38 weeks gestation and that risk assessment criteria 
may be useful to inform ideal delivery timing.

In individuals with PDM (including those with pregnancy loss or termination), we suggest postpartum endocrine care (diabetes management), in 
addition to usual obstetric care (2 | ⊕OOO). As the postpartum period frequently overlaps with preconception, this was suggested based on 
indirect evidence demonstrating a strong association between PCC and both reduced HbA1c at the first prenatal visit and congenital malformations.
Conclusion: The data supporting these recommendations were of very low to low certainty, highlighting the urgent need for research designed to 
provide high certainty evidence to support the care of individuals with diabetes before, during, and after pregnancy. Investment in implementation 
science for PCC is crucial to prevent significant mortality and morbidity for individuals with PDM and their children. RCTs to further define glycemic 
targets in pregnancy and refinement of emerging technology to achieve those targets can lead to significant reduction of harm and in the burden of 
diabetes care. Data on optimal nutrition and obesity management in pregnancy are lacking. More research on timing of delivery in women with 
PDM is also needed.
Keywords: type 1 diabetes, type 2 diabetes, pregnancy, continuous glucose monitor (CGM), insulin pump, delivery timing, metformin, hybrid closed loop, 
automated insulin delivery, glucagon-like peptide -1 receptor agonist (GLP1-RA)
Abbreviations: AID, automated insulin delivery; BHG, basal hyperglycemia; BMI, body mass index; CGM, continuous glucose monitor; COC, combined oral 
contraceptive; DMPA, depot medroxyprogesterone acetate; ES, Endocrine Society; ESE, European Society of Endocrinology; EtD, Evidence to Decision; 
GDP, Guideline Development Panel; GDM, gestational diabetes mellitus; GLP-1RA, glucagon-like peptide-1 receptor agonist; GRADE, Grading of 
Recommendations, Assessment, Development, and Evaluation; GWG, gestational weight gain; HCL, hybrid closed-loop; IOM, Institute of Medicine; IUD, 
intrauterine device; LARC, long-acting reversible contraception; LGA, large for gestational age; MDI, multiple daily injections; MEC, Medical Eligibility 
Criteria; MiTY, Metformin in Women with Type 2 Diabetes in Pregnancy; MOMPOD, Metformin Plus Insulin for Preexisting Diabetes of Gestational Diabetes 
in Early Pregnancy; NICU, neonatal intensive care unit; NTD, neural tube defect; OR, odds ratio; PCC, preconception care; PCOS, polycystic ovarian 
syndrome; PDM, preexisting diabetes mellitus; RCT, randomized controlled trial; RDA, recommended dietary allowance; RR, risk ratio; rtCGM, real-time 
continuous glucose monitoring; SAPT, sensor-augmented pump therapy; SGA, small for gestational age; SMBG, self-monitoring of blood glucose; T1DM, 
type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; VTE, venous thromboembolism. 

Preexisting diabetes (PDM) is defined as any type of diabetes 
diagnosed prior to the current pregnancy. The prevalence of 
PDM has doubled in the last 20 years and now complicates 
about 1% of pregnancies worldwide, ranging from 0.5% in 
Europe, to 2% in the United States, and up to 2.4% in 
Africa and the Middle East1. PDM significantly increases the 

risk of adverse pregnancy outcomes, as shown in Tables 1
and 2.

Specialized diabetes care throughout all stages of the reproduct
ive cycle is needed to improve pregnancy outcomes (Fig. 1). 
Preconception care (PCC) is widely recommended to optimize 
glycemia, address treatment for obesity, manage the increasing 
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complexity of new therapeutics and technologies, and screen for 
and treat diabetes complications as well as ensure initiation of 
folic acid supplementation4. Despite strong evidence that PCC, fo
cused on achieving glycemic targets before conception, reduces 
the risk of miscarriage, congenital malformations, and other ad
verse outcomes, the large gaps in education, access, and care result 
in missed opportunities5. Improvements in glycemia during the 
prenatal period improve outcomes, but, even with expert care, 
both glycemia and outcomes remain suboptimal6. Supporting a 

healthy lifestyle, including nutrition, exercise, sleep, and mental 
health is important throughout the reproductive lifecycle of indi
viduals with PDM7,8. Nutrition during pregnancy is especially im
portant, as maternal nutrition has been shown to impact offspring 
health for generations through epigenetic changes9.

With the rapid advancement of new diabetes technology 
promising improvement in glycemia to near-normal levels dur
ing pregnancy, there is an urgent need to optimize the use of 
these new technologies in this particularly at-risk population. 

Table 1. Rates of pregnancy complications in preexisting diabetes in a United States cohort, 2004-2011

Adverse event No diabetes 
N = 773 751

Type 1 diabetes 
N = 1125

Type 2 diabetes 
N = 10 136

Miscarriage, % 
RR [95% CI]

19.7% 17.9% 
0.91 [0.80-1.67]

25.2%a 

1.28 [1.24-1.32]
Any congenital malformation, % 
RR [95% CI]

13.4% 18.5%a 

1.38 [1.15, 1.67]
19.0%a 

1.42 [1.33, 1.51]
Any congenital heart defect, % 
RR [95% CI]

3.2% 8.9%a 

2.80 [2.10, 3.73]
6.9%a 

2.16 [1.92, 2.41
Intrauterine fetal demise, % 
RR [95% CI]

0.3% 0.4% 
1.47 [0.55, 3.92]

0.8%a 

2.5 [1.94, 3.26]
Hypertensive disorders of pregnancy, % 
RR [95% CI]

28.2% 47.4%a 

1.68 [1.56, 1.81]
55.4% 

1.97 [1.92, 2.01]
Macrosomia, % 
RR [95% CI]

4.6% 11.0%a 

2.38 [1.85, 3.07]
6.6%a 

1.43 [1.27, 1.61]
Cesarean delivery, % 
RR [95% CI]

27.4% 52.5%a 

1.92 [1.79, 1.82]
48.5% 

1.37 [1.35, 1.38]

Abbreviation: RR, risk ratio.
aIndicates statistical significance compared to no diabetes. (Modified from Jovanovič L et al. Diabetes Metab Res Rev. 2015;31(7):707-716. ©The Authors, 
published by John Wiley & Sons, Ltd.2).

Table 2. Rates of pregnancy complications in preexisting diabetes in a United Kingdom cohort, 2014-2018

Adverse event Type 1 diabetes 
N = 8690

Type 2 diabetes 
N = 8685

P value

Congenital malformation 4.5% 4.0% .17
Stillbirth 1% 1.3% .072
LGA 52.5% 26.2% <.0001a

SGA 5.4% 14.1% <.0001a

Abbreviations: LGA, large for gestational age; SGA, small for gestational age.
aIndicates statistical significance between type 1 and type 2 diabetes. (Modified from Murphy HR et al. Lancet Diabetes Endocrinol. 2021;9(3):153-164. 
©Elsevier Ltd.3).

Figure 1. Clinical questions addressed at different stages of reproductive life for individuals with pre-existing diabetes.
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Delivery is an especially critical point for both mothers and off
spring. Understanding how to reduce maternal and neonatal 
risks during this vulnerable time is essential. The postpartum pe
riod is often when those with PDM need the most support. Their 
recovery is more likely to be complicated by surgical complica
tions, postpartum hypertension, and increased glycemic vari
ability, in addition to the physical and emotional demands of 
breastfeeding and neonatal care. Glycemic management during 
this time is essential for maintaining maternal health, reducing 
maternal hypoglycemia, supporting breastfeeding, and optimiz
ing this new potential preconception period.

List of Recommendations
Question 1. Should a screening question about pregnancy in

tention vs no screening question be used in every health
care provider appointment for individuals with diabetes 
mellitus who have the possibility of becoming pregnant?

Recommendation 1

In individuals with diabetes mellitus who have the possibil
ity of becoming pregnant, we suggest asking a screening 
question about pregnancy intention at every reproductive, 
diabetes, and primary care visit. Screening for pregnancy 
intent should also be addressed at urgent care/emergency 
room visits when clinically appropriate (2 | ⊕OOO).

Technical remarks

• There are no data supporting a specific timing or
frequency of screening.

• A critical component of preconception care (PCC)
is optimization of glycemia to reduce adverse preg
nancy outcomes, including congenital malforma
tions. The Guideline Development Panel suggests
that for screening for pregnancy intent to be effect
ive, 3 actions are required:
○ Provision of basic counseling about the benefits

of PCC
○ Evaluation of contraception needs and/or family

planning referral
○ Referral for PCC to achieve goals of therapy

• This recommendation applies to individuals with
all types of PDM, including type 1 and type 2 dia
betes mellitus.

Question 2. Should contraception vs no contraception be 
used in individuals with diabetes mellitus who have the 
possibility of becoming pregnant?

Recommendation 2

In individuals with diabetes mellitus who have the pos
sibility of becoming pregnant, we suggest use of contra
ception when pregnancy is not desired (2 | ⊕⊕OO).

Technical remark

• Clinician counseling about contraception should be
noncoercive and patient centered. Shared decision
making should prioritize an individual’s autonomy
and be informed by the clinician’s expertise.

Question 3. Should discontinuation of glucagon-like 
peptide-1 receptor agonist before pregnancy vs 
glucagon-like peptide-1 receptor agonist discontinu
ation between the start of pregnancy and the end of the 
first trimester be used in individuals with preexisting 
type 2 diabetes?

Recommendation 3

In individuals with type 2 diabetes, we suggest discon
tinuation of glucagon-like peptide-1 receptor agonist 
(GLP-1RA) before conception rather than discontinu
ation between the start of pregnancy and the end of 
the first trimester (2 | ⊕OOO).

Technical remarks

• Sudden discontinuation of GLP-1RA may cause
hyperglycemia and weight gain, which increases the
risk for congenital malformations and spontaneous
abortion. Timely transition and titration of alterna
tive antihyperglycemic agents after discontinuing
GLP-1RAs is necessary to minimize hyperglycemia.

• The timing of discontinuation prior to pregnancy is
individualized based on the anticipated likelihood
of conception after discontinuing contraception,
type of GLP-1RA used, and risks of prolonged
time off GLP-1RAs prior to pregnancy.

• Active management of glycemia is required after
GLP-1RA discontinuation.

Question 4. Should insulin vs insulin with the addition of 
metformin be used in pregnant individuals with preexist
ing diabetes type 2?

Recommendation 4

In pregnant individuals with type 2 diabetes mellitus 
(T2DM) already on insulin, we suggest against routine 
addition of metformin (2 | ⊕OOO).

Question 5. Should a carbohydrate-restricted (<175 g per 
day) diet vs usual diet (>175 g per day) during pregnancy 
be used in individuals with preexisting diabetes mellitus?
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Recommendation 5

In individuals with preexisting diabetes mellitus (PDM), we 
suggest either a carbohydrate-restricted diet (<175 g per day) 
or usual diet (>175 g per day) during pregnancy (2 | ⊕OOO).

Technical remarks

• There is no clear evidence on the optimal amount of
carbohydrate intake during pregnancy; however,
lower and higher extremes are harmful based on in
direct evidence.

Question 6. Should a continuous glucose monitor vs no con
tinuous glucose monitor (self-monitoring blood glucose 
as standard of care) be used in pregnant individuals 
with type 2 diabetes mellitus?

Recommendation 6

In pregnant individuals with type 2 diabetes mellitus 
(T2DM), we suggest either continuous glucose monitor 
(CGM) or self-monitoring of blood glucose (SMBG) (2 | 
⊕OOO).

Technical remarks

• Both CGM and SMBG are considered reasonable
alternatives for monitoring glucose during preg
nancy; however, in individuals with T2DM, there
is limited direct evidence of superiority of CGM
use. CGM may offer a potential advantage over
SMBG in certain subgroups of preexisting T2DM.

• Ideal glycemic ranges, CGM metrics, and % time in
range for individuals for T2DM may be different com
pared to those which have been demonstrated to im
prove clinical outcomes in type 1 diabetes mellitus.

Question 7. Should a single continuous glucose monitoring 
target of <140 mg/dL (7.8 mmol/L) be used vs standard- 
of-care pregnancy glucose targets of fasting <95 mg/dL 
(5.3 mmol/L), 1-hour postprandial <140 mg/dL (7.8  
mmol/L), and 2-hour postprandial <120 mg/dL 
(6.7 mmol/L) in individuals with preexisting diabetes melli
tus using continuous glucose monitoring?

Recommendation 7

In individuals with preexisting diabetes mellitus (PDM) using 
a continuous glucose monitor (CGM), we suggest against the 
use of single 24-hour CGM target <140 mg/dL (7.8 mmol/ 
L) in place of standard-of-care pregnancy glucose targets of

fasting <95 mg/dL (5.3 mmol/L), 1-hour postprandial 
<140 mg/dL (7.8 mmol/L), and 2-hour postprandial <120 
mg/dL (6.7 mmol/L) (2 | ⊕OOO).

Technical remark

• When CGM is used in individuals with PDM, pro
viders and patients should use fasting and post
prandial glucose targets (whether measured by
CGM or self-monitoring of blood glucose) as the
basis for insulin adjustment and not a single glucose
target of 63-140 mg/dL.

• When using CGM in conjunction with HCL, pro
viders should be aware that not all HCL algorithms
can meet these targets.

• This recommendation applies to all types of PDM,
including type 1 and type 2 diabetes mellitus.

• There are limited data on the appropriate lower
limit of the target for fasting or postprandial glu
cose in pregnancy.

Question 8. Should a hybrid closed-loop pump (pump ad
justing automatically based on continuous glucose moni
tor) vs insulin pump with continuous glucose monitor 
(without an algorithm) or multiple daily insulin injections 
with continuous glucose monitor be used in individuals 
with type 1 diabetes mellitus who are pregnant?

Recommendation 8

In individuals with type 1 diabetes mellitus (T1DM) who 
are pregnant, we suggest the use of a hybrid closed-loop 
(HCL) pump (pump adjusting automatically based on 
continuous glucose monitor [CGM]) rather than an insu
lin pump with CGM (without an algorithm) or multiple 
daily insulin injections with CGM (2 | ⊕OOO).

Technical remark

• Not all HCL algorithms are appropriate for use in preg
nancy. The individual algorithms used in HCL technol
ogy vary in their effects on glucometrics and, 
presumably, on clinical outcomes as well. The decision 
to use HCL technology—and which specific system to 
choose—should be made by the patient in collabor
ation with a clinician experienced in both diabetes man
agement during pregnancy and diabetes technology.

Question 9. Should early delivery based on risk assessment vs 
expectant management be used in individuals with preex
isting diabetes mellitus?

Wyckoff et al. G5



Recommendation 9

In individuals with preexisting diabetes mellitus (PDM), 
we suggest early delivery based on risk assessment ra
ther than expectant management (2 | ⊕OOO).

Technical remarks

• There are no validated obstetric risk assessment
tools for individuals with PDM.

• Risk assessment criteria that may be useful to inform
ideal delivery timing include the history of diabetes- 
related complications, measures of glycemia, ultra
sound assessment of fetal growth and amniotic fluid
volume, and presence of other comorbidities associ
ated with adverse perinatal outcomes.

• Risks may outweigh any benefits of expectant man
agement beyond 38 weeks gestation, even among
those with ideal glycemic management.

Question 10. In postpartum individuals with preexisting dia
betes mellitus (including those with pregnancy loss or ter
mination), should postpartum endocrine care 
(comprehensive diabetes management), in addition to 
usual obstetric care vs usual obstetric care be used?

Recommendation 10

In individuals with preexisting diabetes mellitus (PDM) 
(including those with pregnancy loss or termination), 
we suggest postpartum endocrine care (diabetes manage
ment), in addition to usual obstetric care (2 | ⊕OOO).

Technical remark

• In addition to routine obstetric care, immediate
postpartum care for individuals with PDM should
prioritize glycemic management to support healing,
promote lactation, and facilitate the transition to in
terpregnancy and long-term diabetes management.

• Ideally, postpartum diabetes care should be delivered
by a multidisciplinary team that includes physicians
specializing in diabetes and/or endocrinology, as
well as nurses, dietitians, and certified diabetes care
and education specialists. This team should also sup
port ongoing, long-term established follow-up.

• In many cases, postpartum care also serves as pre
conception care (PCC) for a future pregnancy.
Approximately half of all deliveries occur among
individuals who already have at least one child,
highlighting the opportunity for postpartum care
to contribute meaningfully to PCC. There is strong

evidence that preconception care improves several 
pregnancy outcomes in individuals with PDM.

Methods of Development of Evidence-Based 
Clinical Practice Guidelines
This guideline was developed jointly by the Endocrine Society 
and European Society of Endocrinology using the process 
detailed on the Endocrine Society website (https://www. 
endocrine.org/clinical-practice-guidelines/methodology) and 
summarized here. The primary goal of the Guideline 
Development Panel (GDP) was to provide recommendations 
for the care of individuals with preexisting diabetes (PDM). 
This focus arises from the increasing prevalence of PDM among 
pregnant individuals and the central role that endocrinologists 
play in their care. The panel identified many important clinical 
questions regarding the care of individuals with PDM during 
pregnancy. However, due to limited resources, we prioritized 
10 of these questions and focused on 5 key clinical outcomes 
deemed critical for decision making for each. The GDP followed 
the Grading of Recommendations, Assessment, Development, 
and Evaluation (GRADE) methodology (Tables 3 and 4), which 
includes the Evidence to Decision (EtD) framework to ensure all 
important criteria are considered when making recommenda
tions12,13. The process was facilitated by the GRADEpro 
Guideline Development Tool (GRADEpro GDT)14. The GDP 
included 2 co-chairs and 15 content experts representing the fol
lowing specialties: adult endocrinology, general internal medi
cine, obstetrics and gynecology, maternal-fetal medicine, 
nutrition, diabetes education, and pharmacology. Two patient 
representatives with lived life experience of diabetes and preg
nancy were also included on the panel. Members were identified 
by the Endocrine Society (ES) and European Society of 
Endocrinology (ESE) Boards of Directors and the ES Clinical 
Guidelines Committee and ESE Clinical Committee and were 

Table 3. GRADE certainty of evidence classifications

Certainty of 
evidence

Interpretation

High 
⊕⊕⊕⊕

There is high confidence that the true value of the 
estimate of interest is on one side of a threshold of 
interest or within a specific range.

Moderate 
⊕⊕⊕O

There is moderately confidence that the true value 
of the estimate of interest is on one side of a 
threshold of interest or within a certain range. 
The true value of the estimate may deviate 
slightly from the target of the certainty rating (ie, 
may possibly fall in a different range).

Low 
⊕⊕OO

There is low confidence that the true value of the 
estimate of interest is on one side of a threshold of 
interest or within a certain range. The true value 
of the estimate may deviate from the target of the 
certainty rating (ie, likely fall in a different range).

Very Low 
⊕OOO

There is very-low confidence that the true value of 
the estimate of interest is on one side of a 
threshold of interest or within a certain range. 
The true value of the estimate may deviate 
significantly from target of the certainty rating 
(ie, probably fall in a different range).

Adapted with permission from Neumann and Schünemann, eds. The 
GRADE Book (Version 1.0). The GRADE Working Group; 202410.
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vetted according to the ES conflict-of-interest policy (Endocrine 
Society 2019), which was followed throughout the guideline 
process to manage and mitigate conflicts of interest. Detailed dis
closures of GDP members and the management strategies imple
mented during the development process can be found in 
Appendix A. Overall, 36% of panel members reported poten
tially relevant conflict of interest. In addition, the group in
cluded a clinical practice guideline methodologist from the 
Mayo Evidence-Based Practice Center, who led the team 
that conducted the systematic reviews and meta-analyses, 
and a methodologist from the ES, who advised on method
ology and moderated the application of the EtD framework 
and development of the recommendations.

To lead each guideline question, 2 to 3 GDP members were as
signed. The 10 clinical questions addressed in this guideline were 
prioritized from an extensive list of potential questions through a 
survey of the GDP members and discussion. The Mayo 
Evidence-Based Practice Center conducted a systematic review 
for each question and produced GRADE evidence profiles that 
summarized the body of evidence for each question and the cer
tainty of that evidence15. Systematic searches for evidence were 
conducted in February 2022 and updated in February 2025. In 
parallel with the development of the evidence summaries, the 
GDP members searched for and summarized research evidence 
for other EtD criteria, such as individuals’ values and preferences, 
costs and resources required, cost-effectiveness, feasibility, accept
ability, and the potential impact on health equity. Evidence from 
randomized controlled trials (RCTs) was prioritized for the sys
tematic reviews. In the absence of primary RCTs, the GDP consid
ered evidence from comparative observational studies and 
indirect evidence from alternative populations or interventions 
deemed to be clinically comparable. Evidence from RCTs sup
ports 3 of the recommendations (Recommendations 4, 6, and 
8), while the rest are based on observational data or indirect evi
dence from acceptable alternative populations and interventions, 
which limits the certainty of the supporting evidence16. For ex
ample, drawing conclusions from studies performed in nonpreg
nant populations is suboptimal, as it ignores both the unique 
physiology of pregnancy and the impact of an intervention on 

the fetus. Results from studies in individuals with gestational dia
betes mellitus (GDM) may not be generalizable to those with 
PDM. Similarly, distinctions must be drawn for individuals 
with type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus 
(T2DM) in pregnancy. For 2 recommendations, the panel consid
ered both of the evaluated alternatives to be acceptable without 
suggesting one over the other due to the high level of uncertainty 
regarding the net benefits or harms of the evaluated alternatives 
and other EtD criteria17.

Following the GRADE methodology, the panel considered 
all elements of the EtD framework, including stakeholder val
ues and preferences (with input from clinical experts and 2 pa
tient representatives), costs and resource requirements, 
cost-effectiveness, acceptability, feasibility, and potential im
pacts on health equity. However, the panel did not find robust 
evidence for most of these EtD factors in relation to the clinical 
questions, highlighting the need for research in these areas.

Research evidence summaries noted in the EtD frameworks 
were compiled using standardized terminology templates for 
clarity and consistency18. During an in-person GDP meeting 
and a series of video conferences, the GDP judged the balance 
of benefits and harms, in addition to the other EtD criteria, to de
termine the direction and strength of each recommendation17–19

(see Tables 3 and 4).
The draft recommendations were posted publicly for re

view, and the draft guideline manuscript was reviewed by 
the ES Clinical Guidelines Committee and ESE Clinical 
Committee, representatives of any co-sponsoring organiza
tions, representatives of the ES and ESE Boards of Directors, 
and an Expert Reviewer. Revisions to the guideline were 
made based on submitted comments and approved by the 
Clinical Guidelines Committee and Clinical Committee, the 
Expert Reviewer, and the Boards of Directors. Finally, 
the guideline manuscript was reviewed before publication by 
The Journal of Clinical Endocrinology & Metabolism and 
European Journal of Endocrinology publishers’ reviewers.

This guideline will be reviewed annually to assess the state 
of the evidence and determine if any developments warrant 
an update to the guideline.

Table 4. GRADE strength of recommendation classifications and interpretation

Strength of 
recommendation

Criteria Interpretation by 
individuals

Interpretation by health care 
clinicians

Interpretation by policy 
makers

1: Strong 
recommendation 
for or against

Desirable consequences 
CLEARLY 
OUTWEIGH the 
undesirable 
consequences in most 
settings (or vice versa).

Most individuals in this 
situation would want the 
recommended course of 
action, and only a small 
proportion would not.

Most individuals should follow 
the recommended course of 
action. 

Formal decision aids are not 
likely to be needed to help 
individual individuals make 
decisions consistent with 
their values and preferences.

The recommendation can be 
adopted as policy in most 
situations. 

Adherence to this 
recommendation according 
to the guideline could be 
used as a quality criterion or 
performance indicator.

2: Conditional 
recommendation 
for or againsta

Desirable consequences 
PROBABLY 
OUTWEIGH 
undesirable 
consequences in most 
settings (or vice versa).

The majority of individuals 
in this situation would 
want the suggested course 
of action, but many 
would not. 

Decision aids may be useful 
in helping individuals 
make decisions consistent 
with their individual 
risks, values and 
preferences.

Clinicians should recognize 
that different choices will be 
appropriate for each 
individual and that clinicians 
must help each individual 
arrive at a management 
decision consistent with the 
individual’s values and 
preferences.

Policy-making will require 
substantial debate and 
involvement of various 
stakeholders. 

Performance measures should 
assess whether decision 
making is appropriate.

Reprinted from Schunemann HJ et al. Blood Adv. 2018;2(22):3198-3225. © The American Society of Hematology, published by Elsevier11.
aIn cases in which the EtD criteria did not favor one option over the other, both options would be appropriate, and the choice between them should follow a 
shared decision-making approach.
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Screening for Pregnancy Intention
Background
Unfavorable pregnancy outcomes are common in individuals 
with preexisting diabetes mellitus (PDM) and are related to 
modifiable factors such as maternal hyperglycemia and body 
mass index20. For outcomes such as congenital malforma
tions21 or miscarriage22, the exposure period begins weeks be
fore the pregnancy is recognized. The World Health 
Organization (WHO) defines preconception care (PCC) as 
“a set of interventions that are to be provided before preg
nancy, to promote the health and well-being of women and 
couples, as well as to improve the pregnancy and child-health 
outcomes”23. The US Centers for Disease Control and 
Prevention (CDC) defines PCC as “a set of interventions that 
aim to identify and modify biomedical, behavioral, and social 
risks to a woman’s health or pregnancy outcome through pre
vention and management”24. As pregnancies are often un
planned25, PCC, including a focus on optimizing maternal 
glycemia, is necessary to improve maternal and fetal/neonatal 
outcomes4,5,26. Therefore, understanding the effect of screen
ing for pregnancy intention was deemed a priority.

Screening for pregnancy intention in the general population 
includes initiatives such as the ONE KEY QUESTION® 
(OKQ), developed by the Oregon Foundation for Reproductive 
Health27. This initiative proposes that primary care clinicians 
ask individuals “Would you like to become pregnant in the 
next year?”. For those who answer “yes,” the clinician offers pre
conception counseling and screenings to ensure that modifiable 
risk factors are addressed before pregnancy. For those who an
swer “no,” the clinician provides counseling on the full range of 
contraceptive options to ensure that the method they use is opti
mal for their circumstances. This approach is endorsed by the 
American College of Obstetricians and Gynecologists and the 
American Society for Reproductive Medicine28. 

Question 1. Should a screening question about pregnancy in
tention vs no screening question be used in every health
care provider appointment for individuals with diabetes 
mellitus who have the possibility of becoming pregnant?

Recommendation 1

In individuals with diabetes mellitus who have the pos
sibility of becoming pregnant, we suggest asking a 
screening question about pregnancy intention at every 
reproductive, diabetes, and primary care visit. 
Screening for pregnancy intent is also suggested at ur
gent care/emergency room visits when clinically appro
priate (2 | ⊕OOO).

Technical remarks

• There are no data supporting a specific timing or
frequency of screening.

• A critical component of preconception care (PCC)
is optimization of glycemia to reduce adverse preg
nancy outcomes, including congenital malforma
tions. The Guideline Development Panel (GDP)

suggests that for screening for pregnancy intent to 
be effective, 3 actions are required: 
○ Provision of basic counseling about the benefits

of PCC
○ Evaluation of contraception needs and/or family

planning referral
○ Referral for PCC to achieve goals of therapy.

• This recommendation applies to individuals with
all types of PDM, including type 1 diabetes mellitus
(T1DM) and type 2 diabetes mellitus (T2DM).

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/1PAEgaVAt10.

Benefits and Harms
The systematic review did not identify any randomized con
trolled trial (RCT) examining the effects of a screening ques
tion about pregnancy intention in individuals with diabetes 
on the following outcomes: 

• Contraception prescription
• Referral for PCC
• Unplanned pregnancy
• Glycated hemoglobin (HbA1c) at the first prenatal visit
• Congenital malformations

The GDP found indirect evidence for the effects of PCC on 
HbA1c at the first prenatal visit and congenital malforma
tions. The GDP also found indirect evidence for the benefits 
of a screening question asking about pregnancy intention 
and contraceptive use on documentation of contraceptive 
use but not on contraception prescribing. The GDP found 
no indirect evidence for the outcomes of unplanned pregnancy 
or referral for PCC.

The indirect evidence supporting this recommendation in
cludes multiple studies that demonstrate the association of 
PCC on HbA1c at the first prenatal visit and congenital mal
formation in individuals with diabetes. A systematic review 
and meta-analysis of 36 studies (34 cohort studies) with 
8199 participants demonstrated that PCC was associated 
with a lower HbA1c in the first trimester by an average of 
−1.27% (mean difference, −1.27%; 95% CI: −1.33 to
−1.22; 4927 participants; 24 studies; moderate certainty evi
dence) and with a lower rate of congenital malformations
(risk ratio [RR], 0.29 [0.21-0.40]) with high certainty (25 stud
ies; 5903 participants)5.

The GDP identified further indirect evidence supporting this 
recommendation, as a previsit question was found to improve 
documentation of contraceptive use. In a cluster RCT, aca
demic internists who were randomized to the intervention 
group (n = 26) were provided with information on their fe
male individuals’ pregnancy intentions and contraceptive use 
as a “vital sign” taken immediately before visits, while aca
demic internists in the control group (n = 27) received only 
standard intake information. Data were abstracted for 5371 
visits from 2304 individuals. Screening in the intervention 
group increased documentation of contraceptive use from a 
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baseline of 23% to 57% in the intervention group but was un
changed at 28% in the control group (P < .001). Additionally, 
for visits involving teratogenic medications, documentation of 
contraceptive use increased from 14% to 48% in the intervention 
group compared with a decrease from 29% to 26% in the con
trol group (P < .001) However, the intervention had minimal im
pact on documented provision of family planning services29.

The GDP did not identify any indirect evidence of harm 
from the screening question on any of the 5 outcomes. One po
tentially undesirable effect of PCC is maternal hypoglycemia 
in the first trimester, which was evaluated in the meta-analysis 
of Wahabi et al5. There was very low certainty about the effect 
of PCC on maternal hypoglycemia during the first trimester 
(RR: 1.38; 95% CI: 1.07-1.79; 3 studies; 686 participants). 
The grade of evidence was downgraded from low to very 
low due to inconsistency of the direction of effect and high het
erogeneity (I2 = 76%) in the included studies5. The GDP 
deemed the final goal of a screening question about pregnancy 
intention to be receipt of PCC and access to contraception.

Other Evidence to Decision Criteria and 
Considerations
Women with T1DM express concerns about the effect of high 
glucose on the health of their infant30. Although we did not 
find studies of the value placed on the respective outcomes pri
oritized, the GDP judged that reducing congenital malforma
tions would be of very high importance for most individuals.

The resources needed depend on how screening is imple
mented and could be substantial. Medical record modifica
tions and staff/clinician time are required. PCC increases use 
of services, including diabetes education, nutrition counseling, 
contraception, and medical care.

We did not identify any study directly evaluating cost- 
effectiveness of pregnancy intention screening. We did find 
cost-effectiveness data derived from estimates of PCC. The 
GDP judged that the indirect evidence for the cost- 
effectiveness of PCC favors screening those with diabetes for 
pregnancy intention. A US study estimated that the cost of 
PCC (20 preconception visits) was $3676 (1992 USD). 
However, the reduction in costs for maternal and neonatal 
length of hospital stay, neonatal intensive care unit (NICU) ad
mission, and long-term costs related to congenital malforma
tions resulted in cost savings of $1.86 for every dollar 
spent31. An Irish study in 2016 demonstrated that attendees 
of a PCC clinic had adjusted difference in complication costs 
€2578.00 lower than usual antenatal care32. A systematic re
view of 6 economic evaluation studies of PCC that included 
1800 individuals with diabetes (among other clinical con
texts), found that PCC was likely to be cost-effective regarding 
specific health outcomes33. A study that modeled the impact of 
PCC resulted in large societal and health care cost savings34. 
Estimating that 2.2% of US births are to individuals with 
known PDM, universal PCC might avert 8397 (90% predic
tion interval [PI], 5252–11 449) preterm deliveries, 3725 
(90% PI, 3259-4126) birth defects, and 1872 (90% PI, 
1239-2415) perinatal deaths annually in the United States. 
Associated discounted lifetime costs averted for the affected 
cohort of children could be as high as $4.3 billion (90% PI, 
$3.4-$5.1 billion in 2012 USD)34.

We did not identify any studies that evaluated the effect of the 
intervention on health equity, nor did we find any studies that 
applied a reproductive justice framework to PCC for 

individuals with diabetes. It should be noted that the burden 
of unintended pregnancy is higher in minoritized populations35. 
This is of particular importance because the GDP identified dis
parities in access to PCC and in pregnancy outcomes for indi
viduals with diabetes. Minoritized populations are also at risk 
for biased or coercive reproductive health counseling36. The 
intervention could have a positive impact on health equity if im
plemented with appropriate attention to addressing interper
sonal and structural barriers, including local policies that 
restrict reproductive health care. However, inconsistent or 
biased implementation could worsen disparities in pregnancy 
outcomes.

The GDP evaluated reproductive intention screening to be 
acceptable to individuals with diabetes. A systematic review 
of screening for reproductive intention in a primary care set
ting identified 7 studies that measured acceptability and par
ticipant satisfaction, both of which were high in all 7 
studies37. Another systematic review identified 53 US-based 
studies using 22 screening tools and standardized approaches 
to preconception, interconception, and reproductive health, 
evaluating a variety of outcomes38. Five studies included ado
lescents with either T1DM or T2DM. Adolescent participants 
in the Randomized Efficacy Trial of Early Preconception 
Counseling for Diabetic Teens (READY-Girls) study found 
the screening and educational tools to be acceptable. 
Findings included increased knowledge about reproductive 
health and the benefits of PCC as well as intentions to seek 
PCC before a future pregnancy4,38,39. It is important to note 
that none of these studies were conducted in the context of lo
cal policies that eliminate access to termination of pregnancy, 
which may impact the acceptability of screening for pregnancy 
intent.

The GDP determined that the feasibility of reproductive 
screening varied based on limitations on clinician time, clinician 
comfort discussing contraception, and varied resources for re
ferrals for PCC/contraceptive counseling/prescribing. Lack of 
sufficient time, clinician self-efficacy, and resources to provide 
subsequent care are barriers to implementation32,40–44. A qual
ity improvement intervention at a single US academic out
patient endocrinology practice was initiated to improve rates 
of PCC and contraception prescribing by endocrinologists to in
dividuals with diabetes. The intervention included distribution 
of electronic education reminders about diabetes in pregnancy 
and contraceptive options to clinicians as well as teaching ma
terials for individuals and simplified note templates for docu
mentation. After the intervention, contraception discussion at 
the visit increased from 4% to 18% (P = .03), while the in
creases in contraception prescription (from 0% to 2%) and 
PCC (from 0% to 6%) were not significant40.

Justification for the Recommendation
Given the high prevalence of maternal and fetal complications 
in individuals with PDM and indirect evidence of large benefi
cial effects on the risk for congenital malformations and mod
erate benefit for first-trimester HbA1c reduction with PCC, 
the GDP judged that screening individuals with diabetes for 
pregnancy intention is likely of benefit if it leads to increased 
uptake of PCC.

No studies were identified that compared a screening ap
proach to a nonscreening approach for pregnancy intention 
in individuals with diabetes. Therefore, the GDP’s approach 
to this question followed a framework proposed by Murad 
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and colleagues45. This framework includes a series of factors 
that need to be considered to support screening: 

• Importance: The condition is an important health prob
lem in terms of prevalence and/or consequences.
○ The GDP noted that lack of pregnancy planning has

been linked to important health problems in individu
als with PDM.

• Natural history: The condition for which screening is
being performed has a well-understood natural history
that includes a latent (preclinical) phase.
○ The GDP agreed that the adverse effects of lack of

pregnancy planning might manifest only after a latency
period and that early intervention could improve these
outcomes.

• Difference in management and treatment availability:
Those with positive screening test results would be man
aged differently from those with negative screening test
results.
○ The GDP agreed that the management will differ for

individuals who screen positive (ie, pregnancy inten
tion) vs negative and that resources and management
strategies exist (PCC) and contraception, respectively
for both groups.

• Test accuracy and safety: High or moderate certainty evi
dence supports acceptable accuracy of the screening test
(eg, acceptable false-positive and false-negative rates).
○ The screening intervention in this situation (ie, pregnancy

intent) is obtained directly from the individuals with dia
betes who have the possibility of becoming pregnant.

• Available treatment: Effective management is available
that improves patient-important outcomes when imple
mented in the latent (preclinical) phase.
○ PCC is available, and the identified systematic reviews

showcase positive effects in the outcomes of interest.
• Difference in outcomes: The benefits of management ac

cording to screening results outweigh the harms of screen
ing (eg, overdiagnosis, unnecessary treatment for false
positives, anxiety, stigma, etc.).
○ The GDP did not identify any harms related to a screen

ing question other than the financial costs associated
with PCC according to the individual’s response.

• Other considerations: The screening strategy should be
cost-effective, acceptable to relevant stakeholders, and
feasible to implement.
○ The provision of PCC to individuals with diabetes ap

peared to be cost-effective and acceptable to individu
als and clinicians, with feasibility depending on system
structures and support.

The justification for a screening question about the possibil
ities of pregnancy is based on the significant benefits for PCC, 
which are used as a surrogate, and lack of considerable harm.

Comments
Two subgroups need additional consideration: adolescent girls/ 
young individuals with T1DM and women with T2DM. 
Serious adverse pregnancy outcomes can be especially high 
among adolescents and young women. The early and unpre
dictable timing of sexual debut, the high percentage of individ
uals who have at least one episode of unprotected sex46, the 
higher occurrence of major malformations (20.5%), and the 

high prevalence of serious adverse pregnancy and neonatal out
comes support early intervention to reduce risks47. As is true for 
all individuals, contraceptive counseling for adolescents should 
be devoid of coercion, involve shared decision making, and re
spect individual autonomy. Access to contraception for adoles
cents should be available prior to sexual debut.

Women with T2DM may have lower awareness of preg
nancy risks related to diabetes and reduced PCC attendance 
than do those with T1DM48, as well as increased risk for cer
tain adverse outcomes2,3.

Research Considerations
Direct evidence from pragmatic RCTs is needed to evaluate the 
benefit of the intervention of a screening question in individuals 
with diabetes who could become pregnant. Implementation 
studies are also needed. Suggested studies include: 

• Evaluating how a screening question about pregnancy in
tention changes rates of 1) contraception prescription or
referral to a family planning clinic, 2) referral for PCC,
3) unplanned pregnancy, 4) HbA1c at first prenatal visit,
and 5) congenital malformations.

• Evaluating whether pairing a screening question about
pregnancy intention and a screening question about im
mediate contraceptive needs increases referrals for PCC
or to a family planning clinic and contraceptive use and
reduces unplanned pregnancies and congenital malforma
tions as well as decreases HbA1c at the first prenatal visit.

• Comparing the outcomes of interest and associated costs/
savings among various approaches to screening for preg
nancy intention; these approaches could include automated
direct communication to individuals, automated reminders
to clinic staff to prescreen at visits, and automated re
minders to clinicians to screen regarding pregnancy inten
tion during visits with protocols streamlining referrals for
PCC and/or contraception provision. Similarly, evaluating
the effects of different intervals of screening (eg, annually)
and ideal healthcare settings (eg, primary care, urgent
care) can clarify the downstream effects of screening for
pregnancy intent.

• Addressing the knowledge gap of endocrinologists and
primary care clinicians regarding safe and effective
contraceptive prescribing.

Contraception
Background
In women with diabetes, unplanned pregnancies or pregnancies 
occurring during periods of suboptimal maternal health can re
sult in adverse outcomes for both the mother and fetus5,20. 
Contraception is key in preventing such situations, but there 
are a number of issues with contraception in this population, in
cluding a lower prevalence of use than that observed in the gen
eral population49, factors potentially affecting contraception 
effectiveness such as obesity50,51 and treatments for diabetes 
or obesity such as glucagon-like peptide-1 receptor agonists 
(GLP-1RAs) or malabsorptive bariatric surgery51,52. Also, 
both GLP-1RAs and bariatric surgery can increase fertility 
through weight loss53. Additionally, there are safety concerns 
specific to this population which likely contribute to health 
care practitioners’ feeling of unease in prescribing contracep
tion and which, in turn, may help explain the low use of 
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contraception among women with diabetes54. The Guideline 
Development Panel (GDP) judged the problem to be a priority. 

Question 2. Should contraception vs no contraception be 
used in individuals with diabetes mellitus who have the 
possibility of becoming pregnant?

Recommendation 2

In individuals with diabetes mellitus who have the pos
sibility of becoming pregnant, we suggest use of contra
ception when pregnancy is not desired (2 | ⊕⊕OO).

Technical remarks

• Clinician counseling about contraception should be
noncoercive and patient centered. Shared decision
making should prioritize an individual’s autonomy
and be informed by the clinician’s expertise.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/OmX-7fy37oQ.

Benefits and Harms
The systematic review did not identify any randomized con
trolled trials (RCTs) evaluating the effect of contraception 
use (all contraceptive methods) by individuals with diabetes 
who could become pregnant on: 

• Preconception care (PCC)
• Unplanned pregnancies
• Glycated hemoglobin (HbA1c) at the time of the first pre

natal visit
• Congenital malformations
• Miscarriages or terminations

The GDP put weight on indirect evidence in the general 
population, which suggested large effects of contraception in re
ducing unplanned pregnancies and terminations. Additionally, 
in women with diabetes, indirect evidence highlighted the role 
of PCC including contraception in improving first-trimester 
HbA1c and preventing congenital malformations. This judg
ment was supported by the plausibility of the associations, des
pite the bias inherent to observational studies, which constitute 
the vast majority of those addressing PCC in women with 
diabetes.

All contraceptive methods can be expected to reduce the risk 
of unwanted pregnancies. The CHOICE project involved a pro
spective cohort of more than 9000 women from the general 
population and showed how offering effective, no-cost, revers
ible contraception for 2 to 3 years had an impact on reducing 
unplanned pregnancies and terminations55-59. Using teen preg
nancies as a surrogate of unplanned pregnancies, in the period 
from 2008 to 2013, the mean annual rates of unplanned preg
nancies among CHOICE participants were much lower than 
the corresponding national rates given for comparison (34.0 
and 158.5 per 1000 teens, respectively)55,56. Similarly, the 

abortion rate in CHOICE participants from 2008 to 2010 was 
less than half the regional and national rates (4.4 to 7.5 per thou
sand in CHOICE participants, 13.4 to 17.0 per thousand region
al rates, 19.6 per thousand national rates, P < .001)57. The more 
frequent choice of long-acting reversible contraception (LARC) 
methods and its effectiveness were key for these outcomes58. 
This was especially true for adolescents and women younger 
than age 21 years who had significantly higher discontinuation 
rates of short-acting reversible contraception (SARC) methods 
(51%, ages 14-19 years vs 41%, ages 20-45 years)59 and were 
twice as likely as older women using the same method to experi
ence an unintended pregnancy (hazard rate 1.9; 95% CI: 
1.2-2.8), while this was not the case in LARC users60. 
Similarly, a systematic review and meta-analysis published in 
2020 reported that young women were less likely to choose 
LARC than SARC methods (risk ratio [RR], 0.37; 95% CI: 
0.17-0.80), while continuation rates were higher in LARC users 
(RR, 1.60; 95% CI: 1.21-2.12)61. The effectiveness of contracep
tion in reducing unintended pregnancies and terminations has 
also been shown in a recent RCT with a cluster design conducted 
in China. The intervention included face-to-face education, vid
eos, and educational pamphlets delivered at 5 points during preg
nancy and postpartum, aligned with usual care. Among 1279 
participants with a 78% follow-up at 1 year, the intervention re
duced unintended pregnancies and terminations to one-third 
(OR, 0.33; 95% CI: 0.16-0.70 for unintended pregnancies and 
OR, 0.30; 95% CI: 0.09-0.99 for terminations, respectively)62.

Contraception is anticipated to facilitate the opportunity 
of PCC. Hormonal intrauterine devices (IUDs), combined 
oral contraceptives (COCs), and with limited evidence, 
progestin-only contraceptives, have minimal impact on gly
cemic regulation and lipid profile and, by allowing time to 
optimize diabetes management before pregnancy, contracep
tion is expected to contribute to improved HbA1c levels at 
the first prenatal consultation51,63. A lower rate of congenital 
malformations and miscarriages due to a reduction in peri
conceptional hyperglycemia can also be anticipated. 
Further supporting evidence favoring contraception comes 
from its use being a component of the PCC intervention as 
defined in the systematic reviews of Wahabi et al that showed 
significant improvement in 2 outcomes of interest: HbA1c in 
the first trimester and congenital malformations, as previous
ly described5,64,65.

Overall, the GDP deemed the undesirable anticipated effects 
of contraception in women with diabetes to be trivial in com
parison with pregnancy. Several Medical Eligibility Criteria 
(MEC) for contraceptive use are available, including those 
from the World Health Organization66, United Kingdom67, 
and United States (US MEC, published in 2024). As the US 
MEC is the most recent, it has been used as the primary refer
ence for this guideline. The recent US MEC and U.S. Selected 
Practice Recommendations for Contraceptive Use, 2024 pro
vide recommendations for women with diabetes based on the 
duration of the disease and the presence and severity of com
plications50,51. IUDs, progestin-only pills, and implants fall 
under categories US MEC 1 (no restriction of use) or US 
MEC 2 (may require closer monitoring). The MEC 2 classification 
for progestin-only contraceptives in this population is due to an in
creased risk of thrombosis, although the risk is substantially lower 
than for COCs. For women with diabetes and complications, de
pot medroxyprogesterone acetate (DMPA) falls under US MEC 3 
(risks may outweigh the benefits), a higher category than for other 
progestin-only methods due to concerns about DMPA’s 
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hypoestrogenic effects and reduction of high-density lipoprotein 
(HDL)-cholesterol levels. For women with chronic kidney disease 
and hyperkalemia, drospirenone-only pills fall under US MEC 4 
due to the anti-mineralocorticoid activity of drospirenone. 
Finally, COCs fall under US MEC 2 for women without compli
cations; US MEC 3 for women with non-severe complications; 
and US MEC 4 (unacceptable health risk) for women with estab
lished vascular disease, nephropathy, retinopathy; or long dur
ation of the disease, due to the estimated additive risk of 
thrombosis from both factors51.

The risk of any thromboembolism, either venous or arterial, 
in women with type 1 diabetes (T1DM) or type 2 diabetes 
(T2DM) was assessed in a US report using data from contracep
tion claims68. The absolute risk in women with diabetes using 
hormonal contraception was low, but it was higher than in non
users and differed by age. Among women younger than age 35 
years using estrogen-containing contraceptives, the absolute 
rate of thrombosis was 10.0 events per 1000 woman-years of 
use vs 3.4 in nonusers, while in women 35 years and older, 
the corresponding risks were 11.8 and 7.7. As venous events ac
counted for one-third of the total events, the risk of venous 
thromboembolism (VTE) would be 3-fold lower than the risk 
of VTE in an unintended pregnancy in women with preexisting 
diabetes mellitus (PDM), estimated to be about 7.3 per 1000 
person-years considering both antepartum and postpartum 
events69. The risk of pregnancy-related VTE should be added 
to the overall risk of severe maternal morbidity in women 
with PDM70. Risk of thrombosis was also increased in users 
of transdermal patches and in women using progestin-only con
traceptives (age <35 years)68. In a comment to the article, 
Braillon noted that the European Union proposes that adverse 
events occurring at a frequency of 1% to 10% be described 
as “common,” rates that were met in some of the subgroups71.

Regarding obesity, the aforementioned US MEC do not 
identify obesity itself as a contraindication for any contracep
tive method51, while it should be recognized that obesity alone 
is a leading cause of adverse pregnancy outcomes according to 
the American College of Obstetricians and Gynecologists 
(ACOG)72. Considerations include reports linking injectable 
DMPA with weight gain in adolescent girls with obesity73,74. 
Weight gain at 36 months can be particularly notable in those 
adolescent girls who experience early weight gain (defined as 
>5% baseline weight gain within 6 months of DMPA use)
compared with those who do not (11.08 vs 2.49 kg)74. The
use of COCs is an independent risk factor for VTE, with addi
tive effects with high body mass index (BMI). The relative risk
for COC users with obesity has consistently been estimated to
be 5 to 8 times that of nonusers with obesity, with limited in
formation for women with BMI above 35 kg/m2. However,
none of the individual risk factors for VTE in COC users, in
cluding high BMI, increases the risk more than pregnancy75:
the absolute VTE risk in healthy women of reproductive age
is described as small51 but the crude risk for VTE according
to BMI and COC use is not usually given in the literature be
cause studies either use a case-control design or report relative
values76. In a retrospective cohort study including 64 165
women ages 16 to 40 years after knee arthroscopy, the rate
of VTE was 0.95% in women without obesity or contraceptive
use, 1.62% in those with obesity, 1.72% in those with COC
use, and 3.13% in those with both obesity and COC use77.
However, these risks can be considered an overestimation
due to the higher risk of VTE associated with surgical inter
vention. In comparison, the risk of first pregnancy-associated

VTE including both the antepartum and postpartum periods 
was 3.1 per 1000 person-years in women of healthy weight 
and 10.4 per 1000 person-years in women with obesity, re
spectively69. These risks of VTE should be added to the in
creased risk of severe maternal morbidity associated with 
obesity in pregnancy78. As to contraceptive patch or ring 
use, comparative studies on the risk for VTE by weight or 
BMI were not identified51. The few studies that have addressed 
acute myocardial infarction or stroke among women with 
obesity who use COCs have not identified an increased risk51.

Additional considerations may apply if other risk factors 
such as hypertension coexist50,51. Specifically, if multiple 
risk factors exist, risk for cardiovascular disease might in
crease substantially51.

In the absence of direct evidence, but considering a large ef
fect of contraception use on preventing unplanned pregnan
cies, the GDP assessed the certainty of evidence about the 
overall effects of using contraception vs no contraception in 
women with diabetes who could become pregnant to be low.

Other Evidence to Decision Criteria and 
Considerations
The GDP concluded that women consistently considered the 
selected outcomes of high value, without major variability. 
Women with diabetes express concerns about potential mal
formations and overall health of their infants79,80 and, al
though they do not specifically refer to HbA1c, they are also 
concerned about their blood glucose and describe miscarriage 
as a devastating experience81. As to PCC, women with dia
betes have acknowledged its importance and potential benefits 
in various studies48,82. In the general population, information 
on women’s perceptions on unintended pregnancies is scarce, 
but they are described as negative in reports from different 
countries83,84. Similarly, feelings about terminations are fre
quently described as intense and negative85.

Based on data from the general population, the GDP consid
ered that moderate costs would be required for implementa
tion, with moderate certainty of the evidence. Costs would 
include expenses related to contraceptive methods, health 
care clinician training, and initiatives to raise awareness among 
women54. Methods to achieve contraception are usually not 
expensive86; nevertheless, cost remains as a key barrier to ac
cess, influencing both the methods chosen and user adher
ence87. Thus, in a retrospective cohort study involving 39  
142 women with a new prescription for contraceptive pill, 
patch, or ring, 75% of participants were nonadherent during 
the study period, with higher rates of non-adherence in those 
women who had copayment88. This is in contrast with the 
CHOICE project that provided contraception at no cost, and 
in which 75% of participants opted for LARC methods and 
displayed notably higher rates of adherence (77% for users 
of LARC vs 41% for users of non-LARC methods)89. Thus, 
the ideal scenario would involve offering a range of contracep
tive methods, including LARC methods, at no cost to women 
with diabetes.

Although no studies were identified that evaluated the 
cost-effectiveness of contraception in this population, the 
GDP concluded that cost-effectiveness probably favors the 
intervention. For this judgment, the GDP first considered evi
dence from women with diabetes, in which PCC interven
tions that include contraception as a component have been 
reported to be highly cost-beneficial32. Second, the GDP 
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weighed that different contraception strategies have proven 
to be cost-effective in preventing unintended pregnancies 
and abortions in women without diabetes across different 
scenarios31,57,90. The high costs associated with preterm de
liveries, birth defects, and perinatal deaths in women with 
PDM have already been mentioned34; the preconception 
intervention to prevent them requires effective contraception 
when glucose regulation and other factors are not adequate 
for pregnancy.

No studies have directly evaluated the effects of contracep
tion use on equity among women with diabetes. It has been 
reported that social determinants of health such as household 
income, education attainment, and access to counseling are 
among the factors that positively influence family planning 
behavior49,91 If improved contraception uptake would favor 
highly resourced individuals, it could increase inequity, with 
those with fewer resources falling further behind. However, 
available data suggest that this may not be the case. In a study 
examining National Composite Index for Family Planning 
surveys in low- and middle-income countries, Ross et al ob
served that improving access for all to affordable contracep
tion improved equity across wealth groups91. Similarly, 
after elimination of cost sharing for contraception in US 
women, the lowest-income group had the greatest reduction 
in births due to unintended pregnancies92. In addition, the 
availability of a low-cost over-the-counter (OTC) birth con
trol pill may promote equity in contraception access93 by fa
voring disadvantaged groups94. Thus, OTC COC availability 
improves access for racial and ethnic minorities95 as well as 
for adolescents96, segments that have reported barriers to 
contraception access and high rates of nonuse. Overall, the 
GDP assessed that the impact on health equity of routine 
use of contraception in women with diabetes could vary de
pending on the local context. Local policies that limit access 
to termination of pregnancy may increase the acceptability 
of contraception.

The acceptability of the proposed intervention to key stake
holders was assessed as potentially variable. A systematic re
view addressing contraception in the general population 
across different scenarios concluded that contraceptive values 
and preferences are dynamic throughout a woman’s lifespan 
and that these values and preferences are key elements women 
consider, alongside perceived benefits and side effects97. 
Potential factors influencing contraception use include reli
gious beliefs, opinions of significant others and other family 
members, and desired family size49,54. In an integrative review 
of 19 qualitative studies, women favored methods with nat
ural preservation of menstruation and used negative language 
concerning daily hormonal and LARC methods. Regarding 
IUDs, there were issues regarding autonomy and power due 
to the need of a health care provider’s involvement for inser
tion and removal. Power dynamics with partners also influ
enced contraception use and method. Similarly, women 
perceived an unequal power relationship with their health 
care providers, feeling that clinicians often tried to convince 
them to choose a preferred method. The study concluded 
that women’s desire for contraceptive control and agency 
may be more important than the perceived effectiveness de
scribed by the health care provider98. Among adolescents 
and young women, privacy, autonomy, and safety of the 
contraceptive method were identified as the key issues in a sys
tematic review including 9693 subjects from the general 
population99.

The implementation of the intervention was judged as likely 
feasible but with some challenges. In recent reports, pregnancy 
planning is described as feasible by some women and as unreal
istic by others100, and it has already been mentioned that clini
cians feel unease with contraception prescription in this 
population39. Similarly, a systematic review and meta-analysis 
of interventions aimed at improving postpartum contraception 
use in the general population reported limited success101. 
Additionally, there was no difference in repeat pregnancies or in
duced abortions during the year following childbirth, leading the 
authors to conclude that more feasible strategies are needed. On 
the other hand, with local policies such as the US Affordable Care 
Act’s elimination of cost sharing for contraception92, the avail
ability of OTC COCs94 and the expanded prescribing by phar
macists will likely improve the feasibility of the intervention in 
the United States102,103. A recent quality initiative to provide 
PCC for women with T1DM and T2DM observed no difference 
in contraception prescription despite contraception being dis
cussed more often during the visit. Most (80%) of health care 
clinicians identified inadequate time during visits as the main rea
son for not providing this care40.

Justification for the Recommendation
This recommendation is based on indirect evidence drawn from 
studies conducted in both the general population and in women 
with diabetes. In the general population, the availability of free 
contraception has been shown to effectively prevent unplanned 
pregnancies and terminations. Among women living with dia
betes, observational data has shown that PCC, including 
contraception as a key component, has a clinically significant 
association with first-trimester HbA1c and with the rate of con
genital malformations. A causal relation is accepted, supported 
by the plausibility of the observed associations.

To support the conditional recommendation, the GDP 
placed high importance on women’s perspectives of the ac
ceptability of the use and types of contraception, recognizing 
that this acceptability is variable, influenced by personal be
liefs, perspectives of significant others, and dynamic through
out a woman’s lifespan.

Comments
Among individuals with diabetes who could become pregnant, 
there are 3 important subgroups to consider: (i) adolescent 
girls/young women; (ii) women with T2DM, as previously dis
cussed; and (iii) women with diabetes and obesity. Women 
with diabetes and accompanying obesity require special con
sideration, due to the high prevalence of the association and 
the potential impact of obesity on effectiveness and undesir
able effects of contraceptive methods.

Universally, clinician counseling about contraception 
should be noncoercive and patient centered. Shared decision 
making should prioritize an individual’s autonomy and be in
formed by the clinician’s expertise36,104.

Research Considerations
Among individuals with diabetes who could become pregnant, 
and considering specific subgroups such as adolescents, wom
en with obesity, women with T2DM, and minorities, the fol
lowing studies are suggested: 
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• Evaluating the provision and uptake of contraception
counseling, alongside failure rates and safety aspects to
monitor real-world status of this matter

• Generating direct evidence from RCTs evaluating inter
ventions to promote contraception advice, assess associ
ated safety outcomes, and measure its effectiveness on
increasing PCC and reducing unplanned pregnancies,
congenital malformations, HbA1c at the time of the first
prenatal visit, miscarriage, and planned terminations

Glucagon-Like Peptide-1 Receptor Agonists
Background
Rates of preconception use of glucagon-like peptide-1 recep
tor agonists (GLP-1RAs) in individuals with type 2 diabetes 
mellitus (T2DM) are increasing, due to their benefits in weight 
loss, atherosclerotic cardiovascular disease, and chronic kid
ney disease and their low risk for hypoglycemia, high efficacy, 
and potential to simplify treatment regimens4,105. GLP-1RAs 
are also being used for weight management before conception 
and improved fertility in individuals with polycystic ovarian 
syndrome (PCOS)106,107.

Manufacturers have cited early pregnancy losses and fetal 
abnormalities in animal studies when exposed during organo
genesis that coincided with marked maternal body weight loss, 
leading to a recommendation to stop using semaglutide 2 
months before pregnancy and a recommendation against rou
tine use of all GLP-1RAs during pregnancy. Before discontinu
ation, it is also recommended to evaluate the risks and benefits, 
incorporating the implications of hyperglycemia during preg
nancy108–110. The risk of fetal exposure on discontinuation 
likely differs significantly among GLP-1RAs due to differences 
in structure, pharmacokinetics, and potency. Tirzepatide is a 
dual GLP-1RA and glucose-dependent insulinotropic poly
peptide (GIP) agonist and so it must be evaluated for risk inde
pendently from GLP-1RAs.

Discontinuing GLP-1RAs has also been associated with re
bound weight gain in nonpregnant adults111,112 and weight 
gain is expected with transition to insulin. Excess gestational 
weight gain (GWG) has been observed in those exposed to 
GLP-1RAs before pregnancy compared with those who were 
not113. Another concern is the development of hyperglycemia 
without appropriate glycemic management and risk of teratogen
icity if this occurs during the first trimester114. The impact of 
GLP-1RA discontinuation earlier in the preconception period 
compared with the start of pregnancy has an unknown impact 
on pregnancy outcomes. 

Question 3. Should discontinuation of glucagon-like 
peptide-1 receptor agonist before pregnancy vs glucagon- 
like peptide-1 receptor agonist discontinuation between 
the start of pregnancy and the end of the first trimester 
be used in individuals with preexisting type 2 diabetes?

Recommendation 3

In individuals with type 2 diabetes mellitus (T2DM), we 
suggest discontinuation of glucagon-like peptide-1 re
ceptor agonist (GLP-1RA) before conception rather 
than discontinuation between the start of pregnancy 
and the end of the first trimester (2 | ⊕OOO).

Technical remarks

• Sudden discontinuation of GLP-1RA may cause
hyperglycemia and weight gain, which increases the
risk for congenital malformations and spontaneous
abortion. Timely transition and titration of alterna
tive antihyperglycemic agents after discontinuing
GLP-1RAs is necessary to minimize hyperglycemia.

• The timing of discontinuation prior to pregnancy
should be individualized based on the likelihood
of conception after discontinuing contraception,
type of GLP-1RA used, and risks of prolonged
time off GLP-1RAs prior to pregnancy.

• Active management of glycemia is required after
GLP-1RA discontinuation.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/enkL3dLKogQ.

Benefits and Harms
The systematic review did not identify any randomized 
controlled trial (RCT) evaluating the effects of the timing 
of GLP-1RA discontinuation on the outcomes of interest 
for individuals with preexisting T2DM. The Guideline 
Development Panel (GDP) identified the following as import
ant outcomes related to discontinuing GLP-1RA in early 
pregnancy: 

• Congenital malformations
• Spontaneous abortion
• Large for gestational age (LGA) infants
• Small for gestational age (SGA) infants
• Maternal gestational weight gain

The only comparative study identified115 provided indirect 
evidence comparing exposure to GLP-1RA vs insulin alone 
based on prescription fill history. The study population was 
limited to those with live births, and a minority had preexist
ing T2DM. The primary outcome was to compare the risk of 
congenital anomalies between those who stopped GLP-1RA in 
early pregnancy to the group with T2DM that received insulin 
only. There was no difference in the rate of congenital anom
alies between groups. The rate of major congenital malforma
tions in infants born to mothers with T2DM was 5.3% and 
8.3% in infants exposed to GLP-1RA. Compared to insulin, 
the adjusted risk ratio for major congenital malformations 
with GLP-1RA was 0.95 (95% CI: 0.72-1.26). The study 
was limited by the retrospective nature of the analysis, lack 
of information regarding glycemia in study participants, un
clear data as to whether the GLP-1RA was discontinued be
fore or after organogenesis (5 weeks’ gestation), maternal 
nutrition, GWG, and neonatal outcomes (including weight).

There are no direct data relating to the risk of spontaneous 
abortion, effect on fetal growth (LGA or SGA), or impact on 
GWG (either excessive or inadequate). A systematic review 
of indirect data on GLP-1RA exposure during pregnancy in 
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animal offspring found an association with reduced fetal 
weight and/or growth and delayed ossification and skeletal 
variants116, typically associated with marked maternal weight 
loss. Although GLP-1 receptors are expressed in the human 
placenta117, available data show minimal placental transfer 
of exendin-4 in mouse models, ex vivo human placental ex
periments of liraglutide, and a case study of human umbilical 
vein blood after liraglutide use to term116. The impact of 
GLP-1RAs on placental GLP-1 receptor function is unknown. 
These data resulted in the U.S. Food and Drug Administration 
(FDA) not approving routine GLP-1RA use during pregnancy.

Another observational cohort study118 providing indirect 
evidence evaluated exposure of GLP-1RAs for obesity and 
T2DM in early pregnancy (27.4% of the study population) 
and reported no difference in congenital anomalies, spontan
eous abortions, or increased numbers of LGA or SGA neo
nates compared with reference groups with T2DM and 
obesity without GLP-1RA exposure. There was no informa
tion on GWG or glucose in this study.

Other indirect evidence examined the effect of shorter- 
acting GLP-1RAs in women with infertility in the preconcep
tion period119 and106. The GLP-1RA groups generally had ei
ther greater or no difference in weight loss and a higher 
spontaneous pregnancy rate at 12 weeks after stopping 
GLP-1RAs alone or combined with metformin. There were 
no significant differences in maternal or neonatal outcomes 
between groups.

The FDA approval package for the weight loss formula
tion of liraglutide provided data from the manufacturer’s 
pharmacovigilance database of 109 liraglutide-exposed 
pregnancies reporting an incidence of 29.4% spontaneous 
abortions and 8.3% incidence of congenital abnormalities, 
and 6 of the 9 cases could not rule out liraglutide exposure 
as a cause. The data from the manufacturer are difficult to 
interpret without background information, such as whether 
any of the individuals had preexisting diabetes mellitus 
(PDM), and, if so, what their degree of glycemia was; what 
the rates of obesity were in this population, as obesity is a 
risk factor for congenital anomalies; and whether any of 
the individuals were taking other medications associated 
with congenital anomalies.

Seven case reports described exposure during pregnancy to 
a variety of GLP-1RA. One reported mild bilateral pyelecta
sis120; another reported atrial septal defect121. Other case re
ports122–126 did not report congenital anomalies. Two case 
reports described increased GWG when longer-acting 
GLP-1RAs were stopped in pregnancy122,125 while others 
did not report on GWG. Of the case reports that reported fetal 
weight, 2 showed increased fetal weight122,123,125, while one 
did not122.

In summary, there is no direct evidence comparing the inter
vention to the control. All the reviewed studies addressing 
whether GLP-1RAs should be discontinued before pregnancy 
or between the start of pregnancy and the end of the first tri
mester in individuals with PDM have limitations. These limi
tations include various study designs, including individuals 
with and without preexisting T2DM, use of GLP-1RAs with 
differences in potency and half-lives, variable discontinuation 
times in gestation, and concomitant use with other medica
tions, such as metformin. There were differences in baseline 
socioeconomic and ethnic study groups. The panel believed 
that the lack of information on level of glycemia when 
GLP-1RAs were stopped in early gestation was a significant 

limitation. The limited available evidence supports a likely 
low risk in humans of congenital anomalies, most likely due 
to GLP-1RAs being too large to cross the placenta. The indir
ect effects of GLP-1RAs affecting placental function are not 
known. The risk of spontaneous abortion does not appear 
to be increased in the infertility trials106,119. The case reports 
were not consistent on effects of GLP-1RAs on GWG or al
tered fetal growth. However, the animal and pharmacovigi
lance data are concerning.

Other Evidence to Decision Criteria and 
Considerations
The most common fear in individuals using medication during 
pregnancy is fetal harm127; therefore, the main outcomes of 
LGA and SGA infants, congenital malformations, spontan
eous abortion, and GWG were judged to have no important 
uncertainty or variability in value for individuals.

The medication costs for the early switch to insulin from 
GLP-1RAs are variable and difficult to determine due to pri
cing differences in different countries. Additionally, costs 
will vary depending on the patient’s dosing needs, whether 
both basal and bolus insulin are required, and type of health 
care coverage. The switch to insulin will require closer follow- 
up by a health care provider during the transition, closer glu
cose monitoring, and potentially more frequent injections re
quiring additional supplies. This transition will occur in 
both the intervention and comparator, but the higher treat
ment complexity may occur for a longer duration if 
GLP-1RAs are stopped before pregnancy rather than the first 
trimester. However, the risk of longer exposure to GLP-1RAs 
during pregnancy and the costs of potential adverse pregnancy 
outcomes need to be considered. No cost-effective studies 
were identified.

There is no direct evidence evaluating the impact of the 
intervention on health equity. The potential for higher treat
ment complexity for a longer duration and the need for 
more frequent follow-up when converting to insulin to pro
vide adequate glycemic management may be a challenge for 
those with health disparities in the pre-pregnancy period, 
whereas they may qualify for additional resources once preg
nant. Access to care and additional resources varies; therefore, 
the GDP judged that the impact of the intervention on health 
equity varies.

The GDP judged that the acceptability of the intervention 
varies. Discontinuation of GLP-1RAs before pregnancy is like
ly acceptable by individuals if evidence shows this would min
imize fetal harm127. However, there is a lack of supporting 
data, and some may be hesitant to discontinue GLP-1RAs pre- 
pregnancy due to rebound effects if they were able to achieve 
significant weight loss and glycemic targets. Additionally, ac
ceptability and feasibility may be less if more complex regi
mens are needed to replace GLP-1RAs.

The GDP acknowledged challenges to the feasibility of the 
intervention given low rates of pregnancy planning and pre
conception care (PCC) uptake. In addition, GLP-1RAs are as
sociated with improved fertility, which can lead to unplanned 
pregnancies. Appropriate PCC and provider/patient education 
can significantly improve the feasibility of the intervention.

Justification for the Recommendation
The GDP did not find any direct evidence comparing 
GLP-1RA discontinuation between the start of pregnancy 
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and the end of the first trimester in individuals with preexisting 
T2DM. The only comparative study identified115 was indirect 
evidence restricted to pregnancies resulting from live births 
and exposure to GLP-1RAs based on filled prescription his
tory. A minority of the study population had preexisting 
T2DM and had GLP-1RA exposure, which was discontinued 
in early pregnancy.

GLP-1 receptors are expressed in the human placenta117; 
therefore, although available data shows minimal placental 
transfer, the impact of GLP-1RAs on the GLP-1 receptors in 
the placenta are unknown. The GDP prioritized the uncer
tainty of the potential harms of the GLP-1RAs but acknowl
edged the risks of hyperglycemia and weight gain with 
discontinuation.

Other factors that may impact outcomes of exposure to 
GLP-1RA during pregnancy are the type of GLP-1RA used, 
trimester of exposure, maternal phenotype, amount of weight 
loss achieved prior to conception, and GWG.

The timing of GLP-1RA discontinuation should balance the 
limited data on risk of exposure to GLP-1RA during preg
nancy and the potential for nutrient deficiency and worsened 
nausea and vomiting in pregnancy against the known risks 
of hyperglycemia and excessive weight gain which may con
tinue in the first trimester and throughout pregnancy. 
GLP-1RA use is not recommended during pregnancy; how
ever, many on therapy may be planning for pregnancy. 
Contraception should be used while on GLP-1RA rather 
than not using contraception and stopping GLP-1RA once 
pregnant. The resources required and acceptability to discon
tinue GLP-1RAs while minimizing hyperglycemia before preg
nancy vary depending on maternal characteristics and access 
to care. Although the GDP acknowledged challenges to stop
ping GLP-1RAs before pregnancy, it is possible with use of ef
fective contraception during the period when pregnancy is not 
desired and adequate preconception planning. A major con
sideration in the GDP’s recommendation to stop GLP-1RAs 
before conception was to afford the time needed to transition 
the patient to insulin and achieve optimal glycemia before or
ganogenesis rather than risk unknown consequences of 
GLP-1RA exposure and hyperglycemia in the transitionary 
period if stopped as soon as pregnancy is suspected. Ideally, 
stopping GLP-1RAs and using contraception should be a joint 
decision made by the patient and provider. When stopping 
GLP-1RA therapy, optimizing glycemia (eg, with insulin) 
and maintaining a healthy diet are necessary. Although the in
dividual may desire pregnancy soon after stopping GLP-1RAs, 
achieving and sustaining optimal glycemia and nutrition be
fore conception not only will decrease the risk of congenital 
anomalies but may help with healthy GWG in pregnancy. 
Priority should be placed on ensuring effective contraception 
or adequate preconception planning to effectively stop 
GLP-1RAs before pregnancy, since their effects in pregnancy 
are unknown.

Comments
In the absence of direct evidence supporting the safety of con
tinued use during pregnancy, the GDP recommended discon
tinuing GLP-1RAs before pregnancy. The preconception use 
of GLP-1RAs in women with obesity to decrease excessive 
weight before pregnancy, for the reduction of adverse peri
natal complications of pregnancy, such as hypertensive disor
ders of pregnancy and fetal overgrowth, serves important 

goals. Decreasing weight and improving the metabolic condi
tion of women with obesity is being assessed currently, using 
the lifestyle interventions of healthy diet and increased physic
al activity128.

The manufacturer prescribing recommendations for some 
GLP-1RAs suggest stopping therapy before conception due 
to early pregnancy losses and fetal abnormalities in animal 
studies, when exposed during organogenesis, that coincided 
with marked maternal body weight loss. Yet, this approach 
has risk for harm if no proactive attention to glycemic manage
ment is in place or discontinuation occurs in the absence of ac
tive pregnancy plans. Effective coordination of care in both the 
preconception period and early pregnancy is needed with dis
continuation of GLP-1RAs, and glucose should be immediate
ly and actively monitored.

Although the percentage of unintended pregnancies in the 
United States declined from 43.3% in 2010 to 41.6% in 
2019, approximately 40% remain unintended129. Women of 
childbearing age on GLP-1RAs who are not planning preg
nancy, even with a history of infertility, should use effective 
contraception to minimize unplanned pregnancies. A recent 
literature review addresses the variable impact of GLP-1RAs 
on the efficacy of oral contraceptives52.

Requirements to improve implementation of the recommen
dation include effective education of clinicians, diligent coun
seling and surveillance of individuals of childbearing age, and 
access to PCC.

Research Considerations
The increasing use of GLP-1RAs in T2DM emphasizes the 
need for further research related to use in the preconception 
period and exposure during pregnancy, and close postmarket
ing surveillance and registry data collection for analysis is en
couraged. Proposed areas for future research include: 

• Evaluating the potential effects of GLP-1RA exposure
and discontinuation in pregnancy on fetal development,
teratogenicity, spontaneous abortion, fetal growth, ma
ternal glycemic management, maternal GWG, preterm
birth, placental drug passage, and lactation (for those
who continue GLP-1RAs during pregnancy, consider es
tablishing a registry of pregnancy outcomes)

• Evaluating weight maintenance after stopping GLP-1RAs
in the preconception period

• Evaluating glycemic management after stopping
GLP-1RAs in the preconception period

• Comparing use of short-acting vs long-acting GLP-1RAs
in the preconception period and impact on pregnancy
outcomes

Addition of Metformin for Patients on Insulin
Background
Although a number of evidence-based guidelines recommend in
sulin as the preferred antidiabetic medication in pregnancy4,130, 
rates of metformin use in pregnancies complicated by type 2 
diabetes mellitus (T2DM) have been steadily increasing131. 
Metformin may improve hepatic insulin resistance, decrease in
sulin requirements, reduce gestational weight gain (GWG), and 
decrease the risk of infants born large for gestational age 
(LGA). Results of systematic reviews in individuals with gesta
tional diabetes mellitus (GDM) comparing metformin to insulin 
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have been mixed, with some showing a lower risk of LGA, pre
eclampsia, neonatal hypoglycemia, and less GWG, while others 
do not132,133. Metformin in GDM also tends to be more accept
able for individuals and clinicians as an alternative to insulin due 
to its low cost, oral route, ease of administration, and low risk for 
hypoglycemia. However, individuals with T2DM in pregnancy 
have more severe insulin deficiency and more severe insulin resist
ance and typically require insulin to achieve optimal glycemia, so 
metformin is not a substitute for insulin in T2DM as it can be in 
GDM134. Concerns for metformin use in pregnancy are primar
ily due to the risk of fetal growth restriction in some individuals 
and long-term fetal programming potential for childhood obes
ity, with increased fat mass reported in some childhood cohorts 
but not others135–139. Unlike insulin, metformin has been found 
to exhibit marked maternal-to-fetal transfer, achieving fetal lev
els at least as high as maternal levels due to high expression of 
OCT3 cation transporters in the placenta in the second and third 
trimesters140. Metformin is concentrated in both fetal and pla
cental mitochondria 1000-fold. Metformin has pleiotropic ef
fects, including activating AMP kinase (AMPK) and inhibiting 
mitochondrial complex 1 respiration, and has antiproliferative 
and nutrient restriction properties through AMPK and decreased 
mTOR134,141,142. Notably, it crosses the placenta poorly in the 
first trimester and does not increase the risk of major malforma
tions134,143. Pathophysiologic studies providing plausible mech
anistic data as to how the properties of metformin might result 
in fetal effects have been recently published in monkeys who 
share similarities in placental structure with humans. 
Metformin given maternally at doses that achieve equivalent lev
els in humans resulted in decreased fetal weight and skeletal 
muscle mass and bioaccumulated in the fetal kidney and liver141. 
Considering the increasing prevalence of metformin use during 
pregnancy, the need for insulin therapy in most people with pre
existing T2DM, and the concerns of intrauterine metformin ex
posure to the fetus, the Guideline Development Panel (GDP) 
prioritized evaluation of metformin added to insulin compared 
to insulin alone in preexisting T2DM. 

Question 4. Should insulin vs insulin with the addition of 
metformin be used in pregnant individuals with preexist
ing diabetes type 2?

Recommendation 4

In pregnant individuals with type 2 diabetes mellitus 
(T2DM) already on insulin, we suggest against routine 
addition of metformin (2 | ⊕OOO).

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/PvD5bujp9rM.

Benefits and Harms
The systematic review identified 2 randomized controlled tri
als (RCTs) addressing the effect of adding metformin to insu
lin therapy vs continuing insulin only during pregnancies 
complicated by T2DM144,145. The 5 important patient out
comes determined critical for decision making included: 

• LGA infants
• Small for gestational age (SGA) infants
• Neonatal intensive care unit (NICU) admission
• Preeclampsia
• Offspring overweight (body mass index [BMI] ≥85th per

centile; extracted estimate is for BMI Z score for risk of
overweight [≥1 SD using World Health Organization ref
erence] at 0-18 years)

The meta-analysis performed for this guideline included 
2 RCTs: Metformin in Women with Type 2 Diabetes in 
Pregnancy (MiTY) and Metformin Plus Insulin for 
Preexisting Diabetes of Gestational Diabetes in Early 
Pregnancy (MOMPOD). It revealed a decreased risk of LGA 
in the group of insulin plus metformin (risk ratio [RR] 0.74 
[0.62-0.89]); the effect for the other 4 short-term outcomes 
of interest did not reach statistical significance, including 
SGA (RR 1.43 [0.98-2.10]).

The rate of LGA was decreased in both the MiTY RCT (25 
Centers in Canada and 4 in Australia) and the MOMPOD 
RCT (17 centers in the United States). However, in the 
MOMPOD RCT, it is unclear whether similar degrees of gly
cemia were achieved (the major driver of fetal overgrowth) be
cause only 39% of participants had glycated hemoglobin 
(HbA1c) levels available at term to ascertain if glycemia was 
similar. Only the MiTY RCT (not the MOMPOD RCT) 
showed an increase in SGA (13% in the metformin group vs 
7% in the placebo group; r = 1.96 [1.1-3.64]). Notably, the 
MOMPOD RCT was stopped at 75% for not yielding a differ
ence in the composite outcome, so it was not powered to 
evaluate the rate of SGA alone. The primary composite out
comes were not statistically different in either of the RCTs, 
and the GDP’s patient-important outcomes of NICU admis
sions and preeclampsia/hypertensive disorders in pregnancy 
were not different. Notably, the enrollment in MOMPOD in 
the United States included a population that was 80% Black 
or Hispanic compared to the population in the MiTY RCT, 
which was predominantly European, Non-European, and 
Asian with only 2.5% Hispanic and 15% African or 
Caribbean, which might affect baseline risk for outcomes 
and interpretation of results. Although not included in the 
GDP’s 5 patient-important outcomes, GWG and insulin re
quirements were statistically significantly decreased in MiTY 
but not MOMPOD.

A reduction in the rate of LGA could be a benefit and pos
sibly translate to a decreased risk of obesity in childhood 
and reduced cesarean deliveries, but there is no evidence that 
metformin decreased primary cesarean deliveries. Although 
a decrease in the rate of LGA is a favorable outcome, the effect 
of metformin on body composition (lean mass vs fat mass) is 
likely more important, which is unknown in the human off
spring in T2DM. If metformin decreases skeletal muscle 
mass in humans, as was demonstrated in the monkey fetuses 
exposed to similar levels of metformin in utero as humans 
would be141, this could result in a decrease in LGA through 
a decrease in lean mass, which is associated with the subse
quent development of metabolic disease and obesity. An in
crease in SGA, seen in MiTY but not MOMPOD, would be 
undesirable given its association with more long-term adverse 
outcomes, especially if it is a result of reduced lean muscle 
mass, as in the data from monkeys. Having SGA status, like 
LGA status, is also a risk factor for childhood obesity, 
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especially when the offspring is exposed later in life to an obe
sogenic postnatal environment146.

The GDP strongly weighted RCTs, rather than observational 
trials or retrospective studies. A recently published retrospective 
study often cited using health care claims data, compared indi
viduals with preexisting T2DM who continued metformin vs 
those who discontinued metformin during the second trimes
ter147. It found no differences in the adjusted relative risk of 
perinatal outcomes including LGA, preeclampsia, and NICU 
admissions. Of note, SGA results were divided by cohort due 
to heterogeneity, and the commercially insured cohort found 
a higher risk for SGA infants in the metformin group (aRR 
1.99; 95% CI: 1.1-3.62), while the publicly insured cohort 
did not (aRR 0.8; 95% CI: 0.48-1.33). Prescription bias and re
sidual confounders affecting those who continued metformin vs 
those who did not may account for these inconsistent results147.

The only follow-up trial of offspring overweight/obesity with 
maternal T2DM randomized to metformin plus insulin vs insu
lin alone is the MiTY Kids study, but it was limited to offspring 
growth at ages 6 to 24 months148. It found no difference in the 
BMI Z score at 24 months but an increase in the growth trajec
tory of males ages 6 to 24 months. Developmental program
ming of metabolic disease suggests that males may be more 
affected than females and that age 2 years is likely not long 
enough to see differences in offspring weight or body compos
ition that predict future obesity risk146.

The only RCTs that followed the offspring to evaluate the 
risk of childhood overweight/obesity at 5 to 10 years were con
ducted in pregnant women given metformin vs no treatment for 
GDM or polycystic ovarian syndrome (PCOS), not in pregnan
cies complicated by T2DM in which the mothers were also tak
ing insulin. An increased tendency to overweight/obesity has 
been observed in children ages 5 to 10 years whose mothers 
were treated with metformin in 2 studies: the Metformin in 
Gestational Diabetes: the Offspring Follow-Up (MiG TOFU) 
and the Intrauterine Metformin Exposure and Offspring 
Cardiometabolic Risk factors (PedMet) study in women with 
PCOS137,139. In the MiG TOFU follow-up of the offspring in 
the MiG RCT139, the Auckland cohort but not the Adelaide co
hort demonstrated increased weight at ages 7 to 9 years. An in
crease in children overweight at 5 to 10 years was also seen in 
the PedMet study. No increase in overweight/obesity was dem
onstrated in a third study that followed two cohorts in Finland 
whose mothers were randomized to metformin vs insulin 
for GDM138. A recent meta-analysis of the Rowan and 
Paavilainen RCTs138,139,149 concluded no difference in off
spring weight at 9 years but excluded the PedMet RCT of preg
nancies complicated by PCOS137.

Although indirect in evidence and not established in human 
studies, a recent small RCT randomizing human dose equiva
lents of metformin to pregnant Rhesus monkeys (who share 
many anatomical, physiologic, placental, and genomic simi
larities to humans) vs control, assessed fetal organs and tissues 
by sacrificing the fetal monkeys at the equivalent gestation of 
the human third trimester141. The fetal monkeys demon
strated growth restriction primarily in skeletal muscle and ex
hibited renal dysmorphology141. Initiation of metformin in 
early pregnancy resulted in fetal bioaccumulation, growth re
striction, and renal dysmorphology in this primate model. 
These findings of decreased lean mass in fetal monkeys could, 
in part, explain the SGA offspring exposed to metformin in 
utero as well as the increased risk of childhood overweight/ 
obesity seen in some, but not all, follow-up offspring studies. 

Additionally, in animal models, untoward effects of metfor
min use during pregnancy were seen beyond early adulthood, 
underscoring the need for long-term follow-up studies in hu
mans to be certain about potential programming effects150.

Other Evidence to Decision Criteria and 
Considerations
The most common fear in individuals using medication during 
pregnancy is fetal harm127; therefore, the main outcomes of 
LGA and SGA, NICU admissions, preeclampsia, and offspring 
overweight were judged to have no important uncertainty or 
variability in value for individuals. Reduced GWG, also valued 
by individuals, occurred in the MiTY RCT but not in the 
MOMPOD RCT. Notably, the majority of patients enrolled 
in each trial were categorized as obese at randomization.

The resources required to add metformin to insulin are low, 
with modest wholesale prices in the United States and Europe. 
Most clinicians are comfortable prescribing metformin, and, if 
metformin could substantially decrease the amount of insulin 
required, including a decrease in injection frequency, it could 
decrease resource utilization. In the RCTs included in the sys
tematic review, total insulin dose requirements were decreased 
in the metformin plus insulin group compared with the insulin 
alone group in the MiTY trial (1.1 ± 1.0 vs 1.5 ± 1.1 units/kg; 
P < .0001) but were similar in the MOMPOD trial (0.9 ± 0.61 
vs 1.11 ± 3.1 units/kg). Based on the data available, the cost 
savings in the metformin plus insulin vs the insulin alone 
group were judged to be low by the GDP since metformin 
alone is rarely adequate to attain glycemic targets in T2DM, 
and, although it may reduce total insulin dose, it may not re
duce the frequency and number of insulin injections. Formal 
cost-effectiveness studies in a population with T2DM were 
not found. In addition to the costs of therapy and follow-up 
in the intervention group, the long-term impact on the poten
tial adverse outcomes in offspring, including epigenetic effects, 
and the associated costs are unclear134,141,151.

No studies addressing the impact of the intervention on 
health equity were identified, but the lower cost and high ac
cessibility of metformin could improve or worsen health 
equity, depending on the long-term outcomes in the offspring.

The addition of metformin to insulin is likely to be accept
able to most, if the patient does not have gastrointestinal ad
verse effects, when considering cost and the potential for less 
GWG. In a systematic review evaluating beliefs about medi
cines among pregnant women, it was found that women 
tend to be more reluctant to use medicines during pregnancy, 
which may limit the acceptability of the addition of metformin 
to insulin. In the same systematic review, the most common 
fear of medication use was the “risk of harm to the unborn 
child”127. Therefore, many mothers may have concern over 
the high concentration of metformin in fetal and placental tis
sues in the second and third trimesters as well as the unknown 
long-term metabolic health risk in the offspring.

Justification for the Recommendation
The GDP judged that the benefit of adding metformin to insu
lin to achieve a decrease in rates of LGA alone did not out
weigh the potential harm of increasing the risk of SGA or 
adverse childhood outcomes related to changes in body com
position, supported by indirect evidence. Although the meta- 
analysis demonstrated a modest decrease in LGA (RR 0.74 
[0.62-0.89]), the GDP weighted the consideration of potential 

G18 European Journal of Endocrinology, 2025, Vol. 193, No. 1



harm to the offspring more heavily given that it is a major con
cern for individuals and clinicians127 and that metformin 
would not be able to replace insulin use in the vast majority of 
pregnant individuals with T2DM. These concerns for harm 
were based on the limited data that the rate of SGA was increased 
in the MiTY RCT, that metformin has high maternal-to-fetal pla
cental transfer in the second and third trimesters, the indirect 
data suggesting the potential adverse impact on skeletal muscle 
and kidney development in a nonhuman primate model, and 
that some offspring exposed from GDM and PCOS pregnancies 
appeared to have an increased risk of overweight at ages 5 to 
10 years137,139,141,142,146.

Given these concerns and the absence of long-term offspring 
data in T2DM pregnancies, the GDP recommends against the 
routine addition of metformin to insulin treatment in individ
uals with preexisting T2DM. The small benefit of a decrease in 
rates of LGA in the meta-analysis did not result in a decrease in 
primary cesarean deliveries and was not considered to out
weigh the potential long-term risks, especially given the lack 
of reduction in preeclampsia, SGA, or NICU admissions, 
which were the other major outcomes of interest. In addition, 
the intervention was judged to have limited impact on patient 
burden or cost for most individuals, as most individuals with 
T2DM, unlike GDM, would likely require similar insulin dos
ing frequency, with possibly some reduction in total insulin 
dosing, which was not consistent between the 2 RCTs.

Comments
The panel recognizes the potential for cost savings in adding 
metformin to insulin or in reducing the total insulin dose 
required or gestational weight gain (seen in the MiTY 
RCT but not the MOMPOD RCT), especially in resource- 
constrained settings, in subgroups in which effective basal/bo
lus therapy with insulin may be difficult to achieve using insu
lin alone, and those with extreme insulin resistance, at very 
high risk for LGA and excess GWG. Notably, some subgroups 
with mild T2DM may respond well to metformin and require 
little insulin, although most patients with T2DM also require 
insulin to attain glycemic targets. Additionally, those unwill
ing to inject multiple doses of insulin or who have psycho
social, financial, access, or other barriers that preclude the 
safe and effective use of insulin may benefit from metformin. 
In these individuals, metformin could be considered, especially 
if cost savings are appreciable and patient preference is strong, 
to minimize the frequency or dosing required of insulin injec
tions. When discussing metformin with individuals in these 
subgroups, a comprehensive discussion of potential risks and 
benefits of metformin is necessary to allow the patient to 
make an informed decision.

In the MiTY RCT, the group for whom metformin exposure 
in pregnancy was most likely to result in SGA and should be 
avoided were pregnant individuals with chronic hypertension 
and/or nephropathy who are at risk for fetal growth restric
tion152. This group also has one of the highest risks of pre
eclampsia. Given that metformin was not shown to decrease 
preeclampsia but was associated with SGA in the MiTY 
RCT, especially in this subgroup, metformin in individuals 
with chronic hypertension or nephropathy is likely to pose 
higher risks than benefits.

The GDP prioritized the question of whether metformin 
should be added to insulin in patients with preexisting T2DM. 
However, metformin is commonly used in T2DM outside of 

pregnancy, so there are multiple clinical situations in which add
ition or discontinuation of metformin, either preconception or 
prenatally, might be relevant but that were not directly addressed 
by our literature review or GDP deliberations.

The large RCTs (MiTY and MOMPOD) did not address the 
question of continuing metformin in patients with T2DM al
ready on it and adding insulin given that all patients in 
MiTY and MOMPOD were only on insulin at enrollment. 
The GDP did identify a RCT with a limited sample size which 
included patients who had T2DM for <5 years or who had a 
new diagnosis of T2DM and who were not on insulin. These 
patients with “mild” T2DM were randomized to metformin 
vs insulin. The majority (85%) failed metformin alone during 
pregnancy and insulin had to be added153. Therefore, the ana
lysis focused on comparing those randomized to metformin in 
which insulin was added (n = 90) compared to randomized to 
insulin alone (n = 100). In this single RCT with a limited sam
ple size, the group who failed metformin in which insulin was 
added compared to the group on insulin alone demonstrated 
less insulin requirements but no difference in GWG or LGA 
between groups. However, there was an increase in SGA in 
the metformin + insulin group (14.4%) vs insulin alone (2%) 
group (P < .01).

There are substantial safety data for metformin in the first tri
mester due to poor placental crossing from a lack of cation trans
porters in the first trimester. Therefore, for those already on 
metformin, it could be safely stopped at the end of the first trimes
ter after organogenesis is completed to avoid sudden withdrawal 
and the risk of hyperglycemia-induced malformations.

Research Considerations
The increasing use of metformin warrants further research to 
define the risks and benefits of adding this therapy to insulin in 
individuals with preexisting T2DM. Proposed areas for future 
research include: 

• Identifying subgroups that would particularly benefit
from the use of metformin (eg, those at lower risk for fetal
growth restriction, those who have low insulin require
ments, etc.)

• Identifying the subgroups at the highest risk of fetal
growth restriction from metformin (eg, those with chron
ic hypertension, nephropathy, a history of preeclampsia,
obstructive sleep apnea [OSA], or evidence of micro
vascular or macrovascular disease, which increase the
risk of placental insufficiency)

• Evaluating the effect of maternal metformin use on new
born subcutaneous and visceral fat and lean mass (eg,
by dual-energy x-ray absorptiometry [DXA], air- 
displacement plethysmography, 3D ultrasound, or mag
netic resonance imaging [MRI])

• Designing and executing rigorous long-term follow-up
studies of offspring at 5 years to adulthood who were ex
posed to metformin in utero that include outcomes such
as body composition; lean tissue and subcutaneous and
visceral fat measures; renal, vascular, and cardiac func
tion; indices of metabolic or mitochondrial dysfunction;
and neurocognitive outcomes, considering duration and
intensity of exposure

• As noted, metformin is commonly used in patients with
T2DM outside of pregnancy. Its addition or discontinuation
may be relevant in various clinical scenarios, and the
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potential harms and benefits of different approaches should 
be evaluated through formal RCTs and systematic literature 
reviews to inform clinical practice recommendations.

Carbohydrate-Restricted Diet
Background
Carbohydrates are the main macronutrient that determine 
postprandial hyperglycemia, and the amount as well as the 
type of carbohydrate in the meal plan influence the glycemic 
response in individuals with diabetes154,155.

Systematic reviews and meta-analyses suggest that low- 
carbohydrate diets may improve glycemia (including time in 
range [TIR], time below range [TBR], and glycemic variabil
ity), reduce weight and insulin dose, and lower the risk of se
vere hypoglycemia in nonpregnant individuals with type 1 
diabetes mellitus (T1DM)156,157, while short-term benefits 
on glycemia and adiposity and long-term benefits on dyslipide
mia were reported for nonpregnant individuals with type 2 
diabetes mellitus (T2DM)158,159.

In contrast, the Institute of Medicine’s (IOM) nutrition 
guidelines recommend that pregnant women supplement their 
daily intake for at least a total of 175 grams of carbohydrates 
to promote fetal growth and brain development160–162, and 
some experts suggest an even higher recommended dietary al
lowance (RDA) of 220 grams to account for the estimated 35 
grams of carbohydrate required by the placenta in the third 
trimester161.

It should be noted that the IOM RDA is an overestimation 
of the true requirement, as 97.5% of the population requires 
less161, and it ignores the possibility that some glucose may 
come from gluconeogenesis (with a maximum capacity of 
160-180 g during starvation)161,163,164.

While insufficient calorie and carbohydrate intake leads to
moderately increased levels of ketone bodies in nonpregnant 
and pregnant women without diabetes165,166, as well as in 
women with preexisting diabetes mellitus (PDM)130,160,167, 
these abnormalities are associated with acidosis only in ex
treme circumstances168. Furthermore, with adequate calorie 
intake, the amount of carbohydrate intake (in the range of 
100-250 g) is unrelated to ketone levels in pregnant women
with obesity169, although calorie and carbohydrate require
ments are not constant throughout pregnancy and are likely 
to reach the highest level in the last trimester of pregnancy, 
with fetal and placental energy demands170. However, a 
weak correlation (r = 0.2-0.3) between increased levels of ma
ternal ketone bodies and the offspring’s mental development 
at age 2 years have been described154,171 and extreme carbo
hydrate restriction (<95 g/day) during pregnancy is associated 
with a 20% to 100% increased risk of neural tube defects 
(NTDs)172–174.

Dieting has become more prevalent in the United States in 
the last 2 decades. Altogether, approximately 40% of the adult 
population is performing some weight loss effort (mostly diet
ing) according to National Health and Nutrition Examination 
Survey (NHANES) data, including 39% of women who are 
nonobese and 33% of women with obesity who restrict their 
carbohydrate intake175.

According to a narrative review and observational data, 
pregnant women with PDM consume 200 to 250 grams of 
carbohydrate daily (∼50 g more than controls), indicating 
that up to a third of women could consume less than the rec
ommended 175 grams155,176–179. A Scandinavian study 

reported even lower intakes during pregnancy (159 g in 
T1DM and 167 g in T2DM), which translates to 40% to 
50% of individuals with less carbohydrate intake than the 
IOM recommendation180.

The increasing proportion of nonpregnant and pregnant 
women following carbohydrate-reduced diets and the theoretic
al considerations of the associated potential harms make it es
sential to clarify adequate carbohydrate intake in women with 
PDM. Thus, the Guideline Development Panel (GDP) judged 
this question to be a priority because medical nutrition therapy 
is one of the cornerstones of effective diabetes management. 

Question 5. Should a carbohydrate-restricted (<175 g per 
day) diet vs usual diet (>175 g per day) during pregnancy 
be used in individuals with preexisting diabetes mellitus?

Recommendation 5

In individuals with preexisting diabetes mellitus (PDM), 
we suggest either a carbohydrate-restricted diet (<175 g 
per day) or usual diet (>175 g per day) during preg
nancy (2 | ⊕OOO).

Technical remarks

• There is no clear evidence on the optimal amount of
carbohydrate intake during pregnancy; however,
lower and higher extremes are harmful based on in
direct evidence.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/KJbcH53XFDI.

Benefits and Harms
The systematic review did not identify any randomized controlled 
trials (RCTs) evaluating the effect of carbohydrate-restricted 
(<175 g/day) vs usual (>175 g/day) diets during pregnancy in in
dividuals with PDM on the risk of the selected outcomes: 

• Large for gestational age (LGA) infants
• Small for gestational age (SGA) infants
• Neonatal hypoglycemia
• Developmental delay up to age 18 years
• Offspring overweight (body mass index [BMI] ≥85th per

centile) up to age 18 years

The only indirect evidence on PDM came from a secondary 
analysis of the DAPIT RCT and suggested that a carbohydrate 
intake above 191 g/day was associated with doubling the risk 
of hyperglycemia (glycated hemoglobin [HbA1c] ≥ 6.5%) 
after adjustment for maternal age, diabetes duration, and 
BMI among women with T1DM155.

Most evidence on carbohydrate-reduced diets derives from 
studies performed among women with gestational diabetes 
(GDM) or obesity. The RECORD trial randomized women 
with obesity and less than 20 weeks’ gestation to either a 
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low-carbohydrate diet (130-150 g/day) or usual care. While 
no significant difference in SGA and LGA and neonatal hypo
glycemia were found, the study was not powered for these out
comes. Potentially favorable effects were found on glycemia, 
gestational weight gain, and blood pressure, although the 
carbohydrate intake of the intervention arm remained far 
above the intended amount at about 190 g/day (95% CI: 
163-216 g/day)181. Similarly, RCTs that compared modestly
lower carbohydrate intake to usual care in GDM reported
no difference in the outcomes (rate of LGA, SGA, neonatal
hypoglycemia as well as birthweight, newborn fat mass and
fat-free mass, maternal hypertension, cesarean delivery, per
cent fat mass, fat-free mass, and maternal ketone levels), sug
gesting no harmful effects, at least during pregnancy and
delivery. The achieved carbohydrate intakes were higher
than aimed for, but the mean intake still remained below or
around the 175-gram cutoff (165-177 g)182,183. This is further
supported by a systematic review and a meta-analysis includ
ing 2 studies that found no harmful effect of the low- 
carbohydrate diet (aiming for 40%-45% vs 55%-60% of en
ergy intake from carbohydrates) on different pregnancy out
comes (LGA and SGA, glycemia, insulin requirement,
birthweight, cesarean deliveries, perinatal mortality, and ma
ternal hypertension) in GDM184,185.

We identified indirect evidence from observational studies 
that severe carbohydrate restriction during pregnancy (lowest 
5th percentile of carbohydrate intake corresponding to <95 g/ 
day) is associated with a 20% to 100% increased risk of NTDs 
in the general population172–174. Furthermore, the popular 
high-fat, low-carbohydrate diet (<100 g) is nutritionally inad
equate and required vitamin and other micronutrient supple
mentation according to a systematic review186.

Altogether, indirect evidence coming from studies in women 
with obesity and GDM provided no evidence of any harmful 
effect of moderate restriction of carbohydrate intake 
(>130 g/day) on LGA, SGA, neonatal hypoglycemia, as well 
as birthweight and perinatal mortality and maternal glycemia, 
weight gain, hypertension, ketonuria, cesarean delivery, and 
insulin requirement181–185.

Given that we found no direct evidence in PDM on our pre
specified outcomes, the certainty of evidence is very low. The 
only indirect evidence in PDM is suggesting better glycemia 
with meal plans having fewer than 191 g/day of carbohy
drates155. Given that maternal glycemia is the most important 
predictor of pregnancy outcomes in PDM, any beneficial effect 
of carbohydrate restriction on glycemia could be of utmost 
importance160,187.

We found indirect evidence of a neutral effect of low- 
carbohydrate diets on SGA and LGA and neonatal hypogly
cemia in GDM but no evidence (not even indirect) on the other 
selected outcomes182–185.

Research findings suggest that severe restriction of carbohy
drate intake (<100 g/day) during pregnancy is associated with 
adverse pregnancy outcomes172–174,184.

Other Evidence to Decision Criteria and 
Considerations
The GDP judged that there was consistent high value of the se
lected outcomes to individuals.

According to a small observational study, the cost of the ac
tual diet of pregnant women with diabetes (T1DM, T2DM, and 
GDM) was like that of a recommended diet based on computer 

simulation, suggesting that the quality of the diet can be 
improved without further financial strain on the pregnant 
women176. Therefore, the group judged that the cost of the 
intervention is negligible. Limited indirect data demonstrated 
variable acceptability and feasibility7,181,182,184,186,188.

No formal evaluation of cost-effectiveness was identified.
In general, there is low adherence to dietary guidelines, but 

adherence is better in women with higher education, older age, 
and nonsmoking status188. Furthermore, obese women 
highlighted that competing priorities could be a significant 
barrier to following a low-carbohydrate diet that probably 
would increase inequities among pregnant women181. Thus, 
equity could be a problem with the proposed intervention, 
as not all people will have the same ability to implement the 
recommendation.

According to a randomized trial among obese pregnant 
women, an intervention aiming at a low carbohydrate intake 
(130-150 g/day) was well accepted by the mothers. However, 
some participants found the diet challenging, especially at later 
stages of pregnancy181.

None of the articles reviewed investigated the actual feasibil
ity of a low-carbohydrate diet during pregnancy in individuals 
with PDM. Adherence to low-carbohydrate diets was low in 
GDM7. According to randomized trials among obese pregnant 
and GDM women, the carbohydrate reduction achieved in the 
intervention group was limited and remained far below the in
tended aim (140 vs 190 g of carbohydrate/day) and only ∼20% 
met their target intake that suggests a limited achievability of a 
diet with limited carbohydrate181,182. While participation may 
be high in dietary education, studies performed among GDM 
women suggest that adherence to low-carbohydrate diets are 
generally poor, and targeted intakes are rarely achieved and 
even the level of adherence varies by different patient character
istics, including socioeconomic status.

Justification for the Recommendation
The GDP did not identify any direct evidence evaluating the ef
fects of a carbohydrate-restricted diet in people with PDM. 
Indirect evidence in women with PDM suggests some glycemic 
benefit with carbohydrate intake less than 191 g/day. All other 
indirect evidence focused on GDM and women with obesity. 
Additionally, these studies used different definitions of low- 
carbohydrate diets that either emphasized the proportion of 
energy from carbohydrates of the total energy intake or used 
different cutoff values of daily intake. There were mostly neu
tral findings on LGA and SGA and neonatal hypoglycemia as 
well as newborn fat mass and fat-free mass. Data on other out
comes (glucose, weight gain, and blood pressure) suggest some 
benefit of carbohydrate restriction in pregnant women with 
obesity, while most outcomes (including LGA and SGA) 
were similar in the intervention and control groups in GDM. 
In addition, there was some indirect evidence from the general 
population of an increased risk of NTDs among pregnant 
women in the lowest fifth percentile of carbohydrate intake 
(<100 g/day).

The GDP judged this evidence to be too indirect, leading to 
significant uncertainty regarding the net benefits or harms and 
limited to support a recommendation in favor of or against a 
cutoff of 175 g/day carbohydrate intake. The GDP felt that 
the optimal carbohydrate intake probably reflects a wider 
range that includes the current cutoff value, but the lower 
and upper limits are not clearly defined in existing studies. It 
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seems clear that both the lower and upper extremes are harm
ful for both mother and child. Moreover, pregnancy carbohy
drate requirements may be impacted by such individualized 
factors as maternal size, gestational weight gain, pre- 
pregnancy BMI, type of PDM, presence of coexisting health 
conditions, dietary patterns and food choices prior to concep
tion, changing nutritional needs as the pregnancy progresses, 
and other factors.

Comments
Similarly to overall energy requirements, nutritional status 
(such as the presence or absence of obesity) may impact the to
tal daily carbohydrate requirement of women with PDM181. 
Furthermore, the type of diabetes may require the modifica
tion of daily carbohydrate requirement when factoring in dif
ferences in insulin resistance and insulin secretion. Social 
factors (including socioeconomic status, level of education, 
and health literacy) may affect access to high-quality food 
sources and available carbohydrate sources154,188. These fac
tors could modify both the required amount of carbohydrate 
as well as the acceptability of the recommended dietary 
intervention.

While participation may be high in dietary education, stud
ies performed in women with GDM suggest that adherence to 
low-carbohydrate diets is generally poor, and targeted intake 
is rarely achieved; even the level of adherence varies by indi
vidual characteristics, including socioeconomic status and cul
tural beliefs181,182. Implementation should consider dietary 
patterns depending on geographical region, social attitudes, 
and migration status154. Additionally, food choices and ma
ternal eating patterns are often influenced by food preferences 
of the whole family, and high-quality food is often more ex
pensive than processed snack foods and fast food189.

Research Considerations
Proposed areas for future research include answering the fol
lowing questions: 

• What is the lowest and highest daily amount of carbohy
drate and energy intake that can be safely consumed to
maintain optimal glycemia and pregnancy outcomes for
women with PDM?

• Does the optimal daily amount of carbohydrate and en
ergy intake differ based on the type of diabetes or BMI
for women with PDM?

• What is the lowest and highest daily amount of carbohy
drate and energy intake that can be safely consumed to
optimize long-term outcomes of the offspring of women
with PDM?

• What is the impact of the quality of carbohydrates in the
meal plan on glucose management in women with PDM?

• What is the required daily intake of carbohydrates in the
first, second, and third trimesters for women with PDM?

Continuous Glucose Monitoring vs 
Self-Monitoring of Blood Glucose in Individuals 
With Preexisting Type 2 Diabetes Mellitus
Background
The prevalence of type 2 diabetes mellitus (T2DM) is now 
higher than type 1 diabetes mellitus (T1DM) in many obstetric 
populations, continues to rise rapidly, and has more than 

tripled in the last 10 years in some populations190. Some ad
verse pregnancy outcomes, including stillbirths, cesarean de
liveries, Infants large for gestational age (LGA), and 
neonatal intensive care unit (NICU) admissions, are higher 
in individuals with T2DM than in those with T1DM due to 
greater prevalence of comorbidities, including obesity, hyper
tension, renal disease, and obstructive sleep apnea. As a result, 
improving pregnancy outcomes in T2DM may require opti
mizing numerous factors in addition to improving the degree 
of glycemia and may require different targets for glycemia 
compared with T1DM20,191–197.

Frequent glucose monitoring is critical in T2DM in preg
nancy to appropriately modify treatment regimens with the in
creasing insulin resistance of pregnancy. Although continuous 
glucose monitor (CGM) use in T1DM is considered standard 
of care4, the current standard in T2DM is self-monitoring of 
blood glucose (SMBG) (fasting and either 1 or 2 hours post
prandial). Ease of use and increasing access to CGM technol
ogy means that more individuals with T2DM are interested in 
using CGM during pregnancy. The American Diabetes 
Association (ADA) recommends that CGM in pregnancy 
should be combined with SMBG to achieve optimal pre- and 
postprandial targets4,198. If CGM is not used, the standard 
of care is to continue SMBG 4 times daily. 

Question 6. Should a continuous glucose monitor vs no con
tinuous glucose monitor (self-monitoring blood glucose 
as standard of care) be used in pregnant individuals 
with type 2 diabetes mellitus?

Recommendation 6

In pregnant individuals with type 2 diabetes mellitus 
(T2DM), we suggest either continuous glucose monitor 
(CGM) or self-monitoring of blood glucose (SMBG) (2 | 
⊕OOO).

Technical remarks

• Both CGM and SMBG are considered reasonable al
ternatives for monitoring glucose during pregnancy,
however, in individuals with T2DM, there is limited
direct evidence of superiority of CGM use. CGM
may offer a potential advantage over SMBG in certain
subgroups of individuals with preexisting T2DM.

• Ideal glycemic ranges, CGM metrics, and % time in
range (TIR) for individuals for T2DM may be dif
ferent compared to those which have demonstrated
to improve clinical outcomes in T1DM.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/srCtCPBX3EQ.

Benefits and Harms
The 5 important patient outcomes determined to be critical for 
decision making included: 
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• Large for gestational age (LGA) infants
• Small for gestational age (SGA) infants
• Neonatal hypoglycemia
• Admission to the NICU
• Glucometrics (TIR, time above range [TAR], and time be

low range [TBR])

The systematic review identified 3 randomized controlled 
trials (RCTs) in pregnant individuals with T2DM, T1DM, 
or GDM randomized to management with CGM or without 
CGM. The fewest number of individuals included had 
T2DM199–201. None of the identified studies enrolled only in
dividuals with T2DM, and 1 of the 3 studies did not analyze 
individuals with T2DM separately201. Moreover, CGM was 
not used continuously in the trials that analyzed T2DM separ
ately, one using real-time CGM (rtCGM) technology for only 
limited periods and the other using blinded CGM for only lim
ited periods200,202. The current rtCGM technology commonly 
used on a continual basis was not used in any of the 3 RCTs.

Therefore, direct evidence is limited to 2 RCTs comparing 
limited CGM use in addition to SMBG vs SMBG that included 
a small number of individuals with T2DM in pregnancy that 
could be analyzed separately from individuals with T1DM 
or insulin-requiring gestational diabetes (GDM): the 
Copenhagen RCT202 and the GlucoMOMS RCT200. The total 
number of individuals with T2DM in both studies was n = 109 
(56 on CGM and 53 on standard therapy). The Copenhagen 
RCT included n = 123 individuals with T1DM and only 31 in
dividuals with T2DM (16 with CGM and 15 controls), who 
were randomized to rtCGM for 6 days at 5 gestational periods 
during pregnancy. The GlucoMOMS study also included 
many more T1DM (n = 109) and GDM individuals on insulin 
(n = 108) than individuals with T2DM (n = 78), who were 
randomized to wear a CGM for about 6 days every 6 weeks 
but were blinded to the results. Our meta-analysis combining 
the T2DM individuals in these trials (n = 109) demonstrated 
no difference in LGA15. These results were consistent with an
other published meta-analysis. A third RCT randomized 71 
pregnant individuals (n = 46 with T1DM, n = 25 with 
T2DM) to CGM vs standard medical care201. However, the 
25 individuals with T2DM (10 on CGM and 15 on standard 
therapy) were not analyzed separately, so pregnancy outcomes 
could not be determined. When the analysis from the 3 RCTs 
was not restricted to only T2DM but also included T1DM and 
GDM, the results were also similar showing no significant dif
ference in the outcomes of interest, LGA, SGA, neonatal hypo
glycemia, or NICU admissions.

The certainty of the evidence for using CGM for T2DM in 
pregnancy was considered very low. Both the Copenhagen 
and GlucoMOMS trials used intermittent CGM, and it is 
not clear whether changes in insulin dose were primarily based 
on SMBG or CGM, but they were likely primarily based on 
SMBG. Given that results from only 56 individuals with 
T2DM and 53 controls are available from 2 RCTs for ana
lysis, this small sample size could lead to imprecision when as
sessing outcomes.

Although the GlucoMOMS RCT did not have adequate 
sample size to determine the efficacy of CGM, Rademaker 
published a post hoc analysis to determine if CGM metrics 
correlated with pregnancy outcomes203. A major limitation 
of the GlucoMOMs trial was that offline glucose profiles 
were obtained by clinicians retrospectively after each week 
of blinded CGM, and the individuals could not see the data 

in real time. None of the measured glycemic metrics improved 
over trimesters in subjects with T2DM alone, including TIR, 
mean glucose, and glycated hemoglobin (HbA1c). These find
ings contrast with those from individuals with T1DM in 
whom TIR and mean glucose improved.

In the CONCEPTT RCT for T1DM, the benefits for neo
natal outcomes were very large, with ORs about 0.50 for 
LGA (53% vs 69%), NICU stays more than 24 hours (27% 
vs 43%), and neonatal hypoglycemia (15% vs 28%), although 
the differences in glycemic measures were modest (∼0.2% dif
ference in HbA1c, 68% vs 61% in TIR, and no difference in 
severe hypoglycemia)6. The number needed to treat to im
prove these outcomes was only 6 to 8 for T1DM. Whether 
these same benefits or glucometric targets will prove beneficial 
in pregnant individuals with T2DM requires adequately pow
ered RCTs using current rtCGM technologies204.

Indirect evidence in an exclusively T2DM population in 
pregnancy includes a recent retrospective study of 360 individ
uals205 who delivered singletons without anomalies at a single 
academic tertiary care center between 2019 and 2023205. The 
authors reported their findings in 82 (22.7%) of pregnant 
women with T2DM using rtCGM (Dexcom G6® or 
Freestyle Libre®) initiated at 21 weeks continuously to deliv
ery compared with 278 women who used SMBG 4 times daily 
and glucose logs. CGM was associated with an approximately 
50% lower odds of the primary composite neonatal morbidity 
(65.9% CGM vs 77% SMBG; aOR 0.48 95% CI [0.24-0.94]) 
and preterm birth (13.4% vs 25.2%; aOR 0.48, 95% CI 
[0.25-0.93]) and nearly a 70% reduction in NICU admissions 
(33.8% vs 47.6%; aOR 0.36 95% CI [0.16-0.8]). This study 
using current rtCGM technology included a diverse cohort, 
and more than half of individuals had government-assisted 
or no insurance. There were no differences in rates of LGA 
and SGA, neonatal hypoglycemia, and HbA1c before delivery, 
but the decrease was greater in the HbA1c from baseline to de
livery in the individuals who used CGM. Gestational weight 
gain was higher in the CGM users. The individuals using 
CGM were more likely to identify as non-Hispanic Black com
pared with those using SMBG, and, although their baseline 
HbA1c levels were higher, they had lower body mass index 
(BMI) values and rates of hypertension and presented for pre
natal care at earlier gestational ages. As a result, selection bias 
for the individuals who used CGM vs those who did not may 
have significantly influenced the outcome.

Another retrospective study in Alabama adds to indirect evi
dence and included 117 individuals, of whom 58% had 
T1DM and 42% had T2DM206. This study demonstrated 
that 83% of the cohort developed at least one of the composite 
adverse pregnancy outcomes (neonatal mortality, LGA or 
SGA infant, NICU admission, hypoglycemia, birth trauma, 
or hyperbilirubinemia)206. Different glucose metrics were re
lated to outcomes: specifically, for each 5% increase in TIR, 
the odds of neonatal morbidity decreased by 28%; the associ
ations appeared similar in T1DM and T2DM.

In T2DM outside of pregnancy, CGM was superior to SMBG 
for HbA1c reduction (weighted mean change difference −0.40; 
95% CI −0.55 to 0.24)207. Data in T2DM outside of preg
nancy, especially in individuals using insulin, demonstrate 
that rtCGM improves HbA1c and TIR (70-180 mg/dL) and 
may reduce all-cause hospitalizations208,209, but these improve
ments have largely occurred without changes in insulin dose or 
medications. Difficulties in extrapolating data from T2DM out
side of pregnancy to pregnancy include that there are different 
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TIR targets in T2DM outside of pregnancy (70-180 mg/dL), 
that the 4 times a day fasting and postprandial SMBG was 
not the standard-of-care control group, and that the primary 
outcomes were very different than those in pregnancy (preven
tion of fetal overgrowth and adverse pregnancy outcomes).

Other Evidence to Decision Factors
We did not identify any studies evaluating patient’s values regard
ing the prioritized outcomes, yet the Guideline Development 
Panel (GDP) considered the selected outcomes to be highly im
portant to most individuals with T2DM.

We did not identify any study that summarized the required 
resources and associated costs for implementing CGM in 
pregnant individuals with T2DM. From a broader perspec
tive, the resources required are likely to be much greater in 
T2DM compared with T1DM if CGM use were to be ex
panded, due to the rapidly increasing prevalence of T2DM. 
Furthermore, the population with T2DM has much less ex
perience with CGM compared with the T1DM population, 
and this is often also the case for many obstetric (OB) clini
cians who care for pregnant individuals with T2DM. 
Additional costs related to patient and clinician education 
and training might not be currently available. However, ef
forts to train OBs in CGM and CGM access are increasing, in
cluding nonprescription CGM, so CGM acceptability and use 
are likely to increase over time210. No formal cost- 
effectiveness analysis was identified.

Overall, the GDP judged that using CGM in individuals 
with T2DM during pregnancy was feasible and acceptable. 
A feasibility and acceptability study conducted in Northern 
Australia in 57 pregnant individuals with T2DM using inter
mittently scanned CGM (Free Style Libre)211,212 reported a 
mean sensor use of about 12 weeks and mean sensor activity 
of 60%. Forty-one individuals used CGM for 15 weeks with 
some modest but limited change in the average glucometrics 
from early to late pregnancy. LGA infants were associated 
with hyperglycemic metrics early in pregnancy. Each 1% 
TIR was associated with a 4% to 5% reduction in neonatal 
complications. Most participants found CGM “worthwhile,” 
and 94% would recommend its use to others. Reasons for dis
continuing the sensor included skin irritations (25%), sensors 
falling off early, and distrust of CGM accuracy.

Justification for the Recommendation
Adequately powered RCTs comparing continual rtCGM with 
SMBG in pregnant individuals with T2DM that demonstrate im
provements in any of the outcomes prioritized by the panel were 
not identified200–202,213. The panel evaluated the indirect evi
dence supporting 1) improved glucometrics using CGM in 
T2DM outside of pregnancy208; 2) substantial improvements 
in neonatal outcomes including LGA infants, NICU stays, and 
neonatal hypoglycemia in individuals using CGM in T1DM6; 
and 3) the potential for decreasing adverse pregnancy outcomes 
with improved glucometrics in individuals with203,206,214. A re
cent retrospective study using current CGM technology demon
strated an improvement in composite neonatal morbidity, NICU 
admissions, and preterm birth was also factored in improved glu
cometrics in individuals with T2DM205.

The benefits of CGM in T2DM outside of pregnancy can
not be directly extrapolated to T2DM in pregnancy because, 
in the nonpregnant population, individuals infrequently use 4 
times daily SMBG, the TIR target of 180 mg/dL is higher, and 

the major differences in primary outcomes measured are 
HbA1c and hospitalizations rather than adverse pregnancy 
outcomes.

It is also problematic to extrapolate the data from CGM in 
T1DM in pregnancy to T2DM in pregnancy given the multiple 
drivers of adverse outcomes and fetal overgrowth associated 
in T2DM compared with T1DM and a lower risk of maternal 
hypoglycemia in T2DM. Indirect evidence also suggests that in 
both T2DM and GDM, higher and tighter TIR and a lower 
mean glucose may be required to improve pregnancy out
comes20,195–197,210,215,216.

Retrospective studies supporting use in T2DM were likely 
to suffer from selection bias, and it was not clear whether 
the standard of care (4 times daily SMBG) was being consist
ently used in the control groups.

The GDP considered that both CGM and SMBG could be 
used during pregnancy to support glucose monitoring and im
prove glycemia. This recommendation is derived from limited 
direct evidence evaluating the effect of CGM use in the out
comes of interest and from indirect evidence that supports po
tential benefits when compared with SMBG. This is an 
important consideration, as the GDP judged that glucose mon
itoring and achieving glycemic targets is important for the 
pregnant patient, but the available evidence of EtD factors 
does not demonstrate superiority of CGM vs no CGM 
(SMBG).

Comments
Because T2DM is a heterogenous disorder of variable insulin 
resistance and insulin deficiency, certain subgroups may bene
fit from CGM, including those using pumps, those with more 
severe insulin deficiency, and those with higher risk for mater
nal hypoglycemia. Certain individuals, especially those using 
CGM before pregnancy, may prefer CGM over SMBG given 
ease of use. Others are likely to value it less due to “sensor fa
tigue” from alarms, site irritation, and sensor failure. Quality 
of life and glycemia may improve with continuous rtCGM in 
some subgroups who use the data to change lifestyle and treat
ment practices based on real-time data and immediate feed
back. Individuals and clinicians should collaborate when 
deciding if CGM or SMBG will best address the needs of 
each individual.

A glycemic range between 63-140 mg/dL (3.5-7.8 mmol/L) 
is currently recommended in pregnancy. The CGM metric for 
time in range (TIR) in pregnancy is >70% in T1DM and not 
defined but possibly >90% in T2DM217. Ideal glycemic range 
and TIR for pregnancies complicated by all types of diabetes 
need further study. The recommended TIR by CGM may 
need to be higher in T2DM than in T1DM, and tighter glycem
ic targets and a lower mean glucose may need to be achieved 
earlier in pregnancy in T2DM and in GDM to improve preg
nancy outcomes197,211,215–217. The risk of hypoglycemia is 
much lower in T2DM, and other metabolic factors, apart 
from simply glucose, are likely to contribute to adverse preg
nancy outcomes20,195–197,218.

Research Considerations
Several RCTs evaluating T2DM in pregnancy comparing 
rtCGM to standard care are currently in progress in the 
United States and the United Kingdom and will be valuable in 
addressing this question but have yet to be completed219,220. 
Other suggested studies include the following: 
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• Robust RCTs adequately powered for an improvement in
pregnancy outcomes are greatly needed to determine if there
are benefits of continuous rtCGM in pregnant individuals
with T2DM compared with fasting and postprandial
SMBG, what CGM metrics are predictive, the degree of im
provement in glycemic metrics that are required to decrease
neonatal morbidity, when in gestation improved glucose
metrics are most important, and the potential of artificial in
telligence to facilitate interpretation of these large data sets
which can translate into improved clinical outcomes.

• Given the heterogeneity of individuals with T2DM, studies
will be needed to determine if specific cohorts of individu
als with more severe insulin deficiency or specific metabolic
phenotypes, comorbidities, and cultural backgrounds may
accept and benefit from CGM compared with others.
Individuals with T2DM using insulin pumps attempting
to achieve lower glycemia targets may experience more
benefit and may need to be evaluated separately.

• Cost-effectiveness and feasibility trials are also a priority
given the substantial resources that will be needed for
both clinicians and individuals and the lower number of in
dividuals with T2DM who are accustomed to using CGM.

Single Continuous Glucose Monitor Glycemic 
Target vs Standard-of-Care Pregnancy Fasting 
and Postprandial Targets
Background
Since the CONCEPTT randomized controlled trial (RCT) 
demonstrated a reduction in rates of large for gestational age 
(LGA) infants and neonatal hypoglycemia with the addition 
of continuous glucose monitoring (CGM) in pregnancies com
plicated by type 1 diabetes mellitus (T1DM), CGM is increas
ingly used in pregnancy6,221. Currently recommended, 
long-standing glycemic targets in pregnancy are: 

• Fasting glucose 70-95 mg/dL (3.9-5.3 mmol/L)
• 1-hour postprandial glucose 110-140 mg/dL (6.1-7.8

mmol/L)
• 2-hour postprandial glucose 100-120 mg/dL (5.6-6.7

mmol/L)

In 2019, with the advent of CGM, the International 
Consensus on Time in Range recommended that the time in 
range (TIR) in pregnancy be defined as 63 to 140 mg/dL 
(3.5-7.8 mmol/L) using the definition chosen in previous stud
ies in predominantly T1DM in pregnancy, which generally 
used traditional fasting and postprandial targets for insulin 
adjustment217,222,223. The International Consensus in Time 
in Range further suggested that the TIR metric for T1DM be 
more than 70% (63-140 mg/dL [3.5-7.8 mmol/L]) based on 
data from CONCEPTT. The metric was left undefined for 
type 2 diabetes mellitus (T2DM) due to lack of data, but >  
90% (63-140 mg/dL [3.5-7.8 mmol/L]) is often suggested for 
T2DM217.

In practice, the recommended TIR is being used as a target in
stead of a metric and thereby targeting higher nocturnal and 
premeal levels of glycemia, despite the American Diabetes 
Association (ADA) recommendation that CGM metrics should 
not be used as a substitute for fasting and postprandial glucose 
targets4. The effect of using different targets on pregnancy out
comes is unclear, and this is critical due to evidence that glucose 
targets are strongly associated with maternal and neonatal 

outcomes. In fact, the International Consensus on Time in 
Range noted in their recommendation that “Recent data sug
gest that even more stringent targets and greater attention to 
overnight glucose profiles may be required…”217.

Even mild hyperglycemia in pregnancy is associated with ad
verse maternal and neonatal outcomes, including LGA and 
neonatal hypoglycemia21,187,197,203,223–242. Therefore, estab
lishing ideal glycemic targets is critical. 

Question 7. Should a single continuous glucose monitor tar
get < 140 mg/dL (7.8 mmol/L) be used vs standard- 
of-care pregnancy glucose targets of fasting <95 mg/dL 
(5.3 mmol/L), 1 hour postprandial <140 mg/dL 
(7.8 mmol/L), and 2-hour postprandial < 120 mg/dL 
(6.7 mmol/L) in individuals with preexisting diabetes 
mellitus using continuous glucose monitoring?

Recommendation 7

In individuals with preexisting diabetes mellitus (PDM) 
using a continuous glucose monitor (CGM), we suggest 
against the use of a single 24-hour CGM target < 140  
mg/dL (7.8 mmol/L) in place of standard-of-care preg
nancy glucose targets of fasting <95 mg/dL (5.3 mmol/ 
L), 1-hour postprandial <140 mg/dL (7.8 mmol/L), and 
2-hour postprandial < 120 mg/dL (6.7 mmol/L) (2 | ⊕ 
OOO).

Technical remarks

• When CGM is used in individuals with preexisting
diabetes, providers and patients should use fasting
and postprandial glucose targets (whether meas
ured by CGM or SMBG) as the basis for insulin ad
justment and not a single glucose target of
63-140 mg/dL.

• When using CGM in conjunction with HCL, pro
viders should be aware that not all HCL algorithms
can meet these targets.

• This recommendation applies to all types of PDM,
including T1DM and T2DM.

• There are limited data on the appropriate lower
limit of the target for fasting or postprandial glu
cose in pregnancy.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/ZkTiAkkxaZg.

Benefits and Harms
No RCTs were identified that compared the effects of using a 
24-hour CGM target of 63 to 140 mg/dL (3.5-7.8 mmol/L) to
using traditional pregnancy glucose targets (fasting 70-95 mg/
dL [3.9-5.3 mmol/L]), 1-hour postprandial 110-140 mg/dL
[6.1-7.8 mmol/L], 2-hour postprandial 100-120 mg/dL
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[5.6-6.7 mmol/L]) in individuals with PDM on the outcomes 
of interest: 

• LGA
• Small for gestational age (SGA) infants
• Neonatal hypoglycemia
• Glucometrics (including TIR, time below range [TBR],

and time above range [TAR])
• Glycemic emergencies

Indirect evidence supports using a 24-hour CGM TIR target 
of 63 to 140 mg/dL (3.5-7.8 mmol/L) in individuals with 
PDM by demonstrating association with maternal and neo
natal outcomes (including LGA infants and neonatal hypogly
cemia)2,6,206,223,243–245. However, other CGM metrics and 
measures of glycemia are also associated with these outcomes.

The 2017 CONCEPTT trial was a multicenter RCT includ
ing 215 pregnancies complicated by T1DM with suboptimal 
glycemia for pregnancy (glycated hemoglobin [HbA1c], 
6.5%-10.0%) comparing standard of care to standard of 
care plus the addition of CGM6. CONCEPTT demonstrated 
that CGM use resulted in improved neonatal outcomes with 
reductions in LGA (53% vs 69%; P = .0210) and rates of neo
natal hypoglycemia (15% vs 28%; P = .0250)6,246. There 
were no differences in SGA or rates of maternal hypogly
cemia6. CONCEPTT provided no comparison of CGM TIR 
to traditional targets.

Meek concluded that TIR, TAR, and HbA1c were the most 
predictive of outcomes, including LGA and rates of neonatal 
hypoglycemia, although predictive ability varied by trimes
ter247. Overnight and fasting glucose levels were not explored.

A 2023 retrospective cohort study of CGM use in 102 preg
nancies complicated by T1DM explored the use of unique 
CGM parameters244. For LGA, second and third trimester 
HbA1c, mean glucose, TAR, and TIR were all predictors, 
with TAR in the third trimester being the strongest. 
Overnight and fasting glucose levels were not explored. The 
study provided no comparison of CGM TIR to traditional glu
cose targets, but, similar to the secondary analyses of 
CONCEPTT, it showed variation in the strength of associ
ation of various CGM metrics with selected outcomes across 
the timeline of pregnancy.

A 2024 retrospective cohort analysis of 117 individuals us
ing CGM during pregnancy complicated by preexisting 
T1DM and T2DM found that TIR was again associated 
with LGA and neonatal hypoglycemia but not SGA206. Each 
5-percentage point increase in TIR reduced odds of the neo
natal composite outcome (LGA, SGA, neonatal intensive
care unit [NICU] admission, neonatal hypoglycemia, birth
trauma, and hyperbilirubinemia) by 28% (odds ratio [OR],
0.72; 95% CI: 0.58-0.89)206. No CGM metrics were predict
ive of SGA. Maternal glycemic emergencies were not reported.
Overnight and fasting glucose levels were not explored. This
study provided no comparison of CGM TIR to traditional glu
cose targets.

Evidence supporting using a traditional fasting glucose tar
get lower than 95 mg/dL (<3.5 mmol/L) is indirect. A 2016 
Cochrane review of 3 small RCTs comparing glycemic targets 
in pregnancies complicated with PDM concluded, despite low- 
quality evidence, that fasting glucose higher than 126 mg/dL 
(>7 mmol/L) compared to lower than 114 mg/dL 
(<6.38 mmol/L) increased risk of macrosomia, preeclampsia, 

and cesarean delivery248. This suggests against the current 
upper limit TIR recommended in pregnancy.

Several studies demonstrate an association between LGA in
fants and overnight glycemia233,243. These include a 2019 pro
spective observational study of 162 pregnancies complicated 
by gestational diabetes (GDM), which found that pregnancies 
with LGA had higher overnight glucose compared with those 
without (108.0 ± 18 mg/dL vs 99 ± 14.4 mg/dL [6.0 ±  
1.0 mmol/L vs 5.5 ± 0.8 mmol/L]; P = .005)233. Also included 
is another analysis of the CONCEPTT data that showed that 
LGA was associated with mean glucose and mean glucose 
overnight in the second trimester, mean glucose and mean glu
cose overnight in the third trimester, and TIR and TAR in each 
trimester2.

Finally, in a 2022 functional data analysis of more than 10.5 
million CGM glucose measures in 386 pregnancies compli
cated by T1DM, the relationship between CGM metrics and 
LGA infants by time of day throughout gestation was stud
ied243. This work highlights the importance of mean glucose, 
as it demonstrated a difference of 9 mg/dL (0.5 mmol/L) in 
mean glucose across the 24-hour day throughout pregnancy 
in pregnancies that resulted in LGA.

In a 2024 retrospective cohort analysis of CGM use in 177 
pregnancies complicated by preexisting T1DM and T2DM, 
principal component analysis and k-means clustering was 
used to identify distinct 4 patterns of glycemia210: 

• Well-controlled (mean glucose = 123 mg/dL [6.83 mmol/L])
• Suboptimal control with high variability (mean glucose =

154 mg/dL [8.6 mmol/L])
• Suboptimal control with minimal circadian variability

(mean glucose = 148 mg/dL [8.3 mmol/L])
• Poorly controlled with peak overnight hyperglycemia

(mean glucose = 166 mg/dL [9.2 mmol/L])

When compared with the well-controlled group, the group 
with high variability had higher rates of LGA infants (OR 
3.34 [1.15-9.89]); the group with minimal circadian variabil
ity had higher rates of preterm birth (OR 2.59 [1.10-6.24]), ce
sarean delivery (OR 2.76 [1.09-7.46]), and NICU admission 
(OR, 4.08 [1.58-11.4]) but not LGA infants, neonatal hypo
glycemia, or preeclampsia; and the poorly controlled group 
with peak overnight hyperglycemia had higher rates of LGA 
infants (OR 3.72 [1.37-10.4]), neonatal hypoglycemia (OR, 
3.53 [1.37-9.71]), preeclampsia (OR, 2.54 [1.02-6.52]), and 
NICU admission (OR, 3.15 [1.2-9.09]). The study provided 
no comparison of CGM TIR to traditional targets but found 
that different patterns of glycemia during the day were associ
ated with different adverse outcomes, calling into question 
whether a single 24-hour glucose target is ideal.

A 2024 observational study on 112 individuals using CGM 
intermittently during pregnancy complicated by T1DM ex
plored the contribution of fasting/overnight glucose to 
TIR249. CGM was used for a 7-day period twice in the first tri
mester, once in the second, and twice in the third. Basal hyper
glycemia (BHG) was defined as the area under the curve (AUC) 
where the glucose was at least 95 mg/dL (5.3 mmol/L) but less 
than the basal glucose threshold, defined as the average fasting 
glucose over that 3-day period for that individual subject. If a 
subject’s basal glucose threshold was 95 mg/dL or lower, the 
BHG was 0. The contribution of BHG to high glucose 
in groups with TIR (63-140 mg/dL [3.5-7.8 mmol/L]) 
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lower than 60%, 60% to 78%, and at least 78% was 74.9% 
(range, 36.8%-100%), 69.2% (13.4%-100%), and 66.5% 
(10.0%-100%; P < .001), respectively, showing that BHG 
was increasingly a contributor to elevated glucose in those 
with the lowest TIR. Similarly, HbA1c was divided into 
3 groups of less than 6.0%, 6.0% to 8.0%, and at least 
8.0%, for which the contribution of BHG to HbA1c was 
57.8% (0%-100%), 72.7% (36.8%-100%), and 80.7% 
(31.4%-100%); P < .001), respectively, showing that BHG 
was likewise increasingly a contributor to hyperglycemia in 
those with the highest HbA1c. The contribution rate of 
BHG to adverse outcomes was higher than that of postpran
dial hyperglycemia for most adverse outcomes, including 
LGA infants, preterm birth, and preeclampsia, but lower 
than that of postprandial hyperglycemia for neonatal 
hypoglycemia.

Use of an Alternative Single Glucose Target
In a 2023 multicenter RCT (AiDAPT study) in 124 pregnan
cies with T1DM suboptimal glycemia (HbA1c ≥ 6.5%) in 
early pregnancy250 the standard care of insulin treatment 
with pump or multiple daily injections (MDI) guided by 
CGM using the usual targets of fasting glucose 63 to 
100 mg/dL (3.5-5.3 mmol/L) and 1-hour postprandial glucose 
of lower than 140 mg/dL (7.8 mmol/L) was compared to use 
of an hybrid closed-loop (HCL) pump using an algorithm tar
get of 100 mg/dL (5.5. mmol/L) in early pregnancy and 81 to 
90 mg/dL (4.5-5.0 mmol/L) after 16 weeks. The intervention 
group had higher TIR (68.2% ± 10.5 vs 55.6% ± 12.5), lower 
mean glucose (125 mg/dL ± 14 mg/dL vs 136 mg/dL ± 16 mg/ 
dL), lower HbA1c (6.0% ± 0.5 vs 6.4% ± 0.5), lower mean 
glucose overnight (125 mg/dL ± 14 mg/dL vs 135 mg/dL ±  
17 mg/dL), and fewer mild (−1.7 [−3.0 to −0.5]) and moder
ate (−0.7 [−1.4 to 0.0]) hypoglycemic events with no differ
ence in serious hypoglycemic events. Pregnancy outcomes 
were not analyzed statistically since the study had not been 
powered for this.

AiDAPT compared attainment of pregnancy-specific TIR 
(63-140 mg/dL) (3.5-7.8 mmol/L) while using HCL technol
ogy and adjusting the algorithm target throughout pregnancy 
with traditional insulin delivery without HCL technology 
(MDI or pump). So, while it demonstrated the feasibility of 
tighter targets in PDM when using HCL technology, it did 
not directly compare the current recommended TIR targets 
to traditional targets.

Other Evidence to Decision Criteria and 
Considerations
The Guideline Development Panel (GDP) determined that the 5 
selected outcomes were important to most individuals, although 
no primary study directly assessed patient’s values. Additional 
resources for education and CGM/pump reporting would be 
needed to change glycemic targets in pregnancy, but the cost 
would not be large. We identified no cost-effectiveness studies 
comparing specific targets in pregnancies complicated by 
PDM. CGM use in pregnancy has already been shown to be 
cost-effective251–254, as well as acceptable and feasible6,255. 
Aligning TIR recommendations with existing fasting and post
prandial targets is unlikely to significantly impact acceptability 
or feasibility. Studies of HCL pump technology have demon
strated the feasibility of achieving lower overnight TIR250.

Justification for the Recommendation
There is no RCT comparing a single 24-hour CGM target of 
63 to 140 mg/dL (3.5-7.8 mmol/L) with traditional pregnancy 
glucose targets (fasting 70-95 mg/dL [3.9-5.3 mmol/L], 
1-hour postprandial 110-140 mg/dL [6.1-7.8 mmol/L], and
2-hour postprandial 100-120 mg/dL [5.6-6.7 mmol/L]) in
pregnancy complicated by PDM. In the absence of direct evi
dence, the certainty of the evidence is considered to be very
low.

Adopting a single TIR target in the absence of evidence is a 
concern, as outcomes in individuals who achieve the recom
mended TIR remain suboptimal256,257. The GDP identified in
direct evidence that supports using traditional fasting targets 
to improve rates of LGA2,206,243,249 and neonatal hypogly
cemia2,206,243. The GDP placed high value on the evidence 
supporting the need to achieve overnight/fasting glucose val
ues as required in the traditional targets; therefore, in the ab
sence of comparative studies, the GDP recommended against 
using a single target of < 140 mg/dL (<7.8 mmol/L).

Ideal glucose targets in PDM are not known. Improving out
comes may require a lower peak postprandial target. There is 
indirect evidence in a GDM population that a lower postpran
dial target of less than 120 mg/dL would be beneficial242, and 
120 mg/dL (6.6 mmol/L) is closer to euglycemia2,210,243,258.

Another possible reason for suboptimal outcomes is that us
ing a single TIR target does not account for the contribution to 
poor outcomes of fasting/overnight hyperglycemia. There is 
indirect evidence for this as studies have shown associations 
between the relationship of fasting/overnight glycemia and ad
verse maternal and neonatal outcomes2,210,243,249,258.

There is concern that the predictive value of fasting glucose 
on negative outcomes, including LGA infants, might be 
ignored if the focus is on a single 24-hour target. So, given 
the lack of direct evidence supporting using TIR as the target 
in PDM in pregnancy, we suggest against the routine use of 
a single target.

Research Considerations
Ideal fasting and postprandial targets need to be determined 
for PDM. Suggested studies include the following: 

• RCTs comparing currently recommended TIR metrics to
traditional fasting and postprandial glucose targets and to
lower glycemic targets in PDM are a practical and imme
diate need. Nocturnal and daytime targets may need dif
ferentiation, and targets may need to differ between
T1DM and T2DM.

• Additional studies are needed on glycemia by both time of
day and by gestational age and their relationships to ma
ternal and neonatal outcomes in both normal pregnancy
and PDM.

These are important, as in practice, more and more individ
uals and providers are focusing on achieving TIR rather than 
fasting and postprandial targets. It is also a practical and im
mediate need as advancing pump technology is now reducing 
the barriers to achieving targets even in the euglycemic range, 
and there are data suggesting that too-tight control of gly
cemia in pregnancy can increase the risk of SGA in GDM259

and of miscarriage in T1DM260.
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Hybrid Closed-Loop Pump (Pump Adjusting 
Automatically Based on Continuous Glucose 
Monitor) vs Insulin Pump With Continuous 
Glucose Monitor (Without an Algorithm) or 
Multiple Daily Insulin Injections With 
Continuous Glucose Monitor
Background
Preexisting diabetes (PDM) in pregnancy presents formidable 
challenges to maintaining the optimal glycemia necessary to 
prevent poor maternal and fetal outcomes250. Glycemic met
rics in pregnancy, including glycated hemoglobin (HbA1c), 
pre- and postprandial glucose, and time in range (TIR), are 
strongly associated with pregnancy outcomes261–264. The 
physical and psychological burden of diabetes self- 
management outside of pregnancy is well-documented. 
Coupling that burden with the tight glycemic targets and oth
er demands of pregnancy adds additional stress and anxiety 
during pregnancy.

The use of hybrid closed-loop (HCL) pumps outside of preg
nancy has shown improvements in HbA1c, TIR, rates of hypo
glycemia, and quality of life4. There are few studies regarding 
the use of HCL pumps in pregnancy, but these limited studies 
have shown promise for individuals with T1DM250,261–265. 
The use of HCL pumps has been reported to improve both gly
cemia and quality of life250,261,263,264. HCL pumps have the 
potential to improve outcomes and reduce the unrelenting 
burden of diabetes self-management in pregnancy. 
Therefore, the Guideline Development Panel (GDP) priori
tized this question. 

Question 8. Should a hybrid closed-loop pump (pump ad
justing automatically based on continuous glucose moni
tor) vs insulin pump with continuous glucose monitor 
(without an algorithm) or multiple daily insulin injections 
with continuous glucose monitor be used in individuals 
with type 1 diabetes mellitus who are pregnant?

Recommendation 8

In individuals with type 1 diabetes mellitus (T1DM) 
who are pregnant, we suggest the use of a hybrid 
closed-loop (HCL) pump (pump adjusting automatical
ly based on continuous glucose monitor [CGM]) rather 
than an insulin pump with CGM (without an algo
rithm) or multiple daily insulin injections with CGM 
(2 | ⊕OOO).

Technical remark

• Not all HCL algorithms are appropriate for use in
pregnancy. The individual algorithms used by
HCL technology vary in their impact on glucomet
rics and therefore presumably also on outcomes.
The decision on whether or not to use HCL tech
nology and which technology to use should be
made by the patient with expert advice from some
one adept at the management of diabetes in preg
nancy and insulin pump technology.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/QL50063lPEA.

Benefits and Harms
The systematic review identified 5 randomized controlled tri
als (RCTs)250,261,263–265 and 1 prospective cohort study262

evaluating the effect of a HCL pump (pump adjusting auto
matically based on CGM) for individuals with preexisting 
T1DM who are pregnant when compared to insulin pump 
with CGM (without an algorithm) or multiple daily insulin in
jections (MDI) with CGM on the prioritized outcomes: 

• Large for gestational age (LGA) infant
• Small for gestational age (SGA) infant
• Neonatal hypoglycemia
• Glucometrics (time in range [TIR], time above range

[TAR], time below range [TBR])
• Severe maternal hyper- or hypoglycemia

The results of the meta-analysis showed that TIR, and TBR 
were non-significantly improved in pregnant women using 
HCL pumps compared with standard care (TIR: MD, 
+3.81%; CI: −4.24 to 11.86; and TBR: MD, −0.88%; CI:
−2.04 to 0.27). In addition, overnight glucometrics were signifi
cantly improved (TIR: MD +10.18%, 95% CI: 7.42 to 12.94;
and TBR: −0.67%, 95% CI: −0.91 to −0.43). In terms of
TIR, the only RCT displaying a worse outcome with HCL
was that of Polsky 2024 that used a 670G system, which is no
longer marketed due to the availability of upgraded models265.
TAR and TIR did not differ when analyzed based on trimester.
Finally, no significant differences were found in rates of LGA
(risk ratio [RR] 0.95; CI: 0.66 to 1.37), SGA (RR 4.06; CI:
0.46 to 35.60), or neonatal hypoglycemia (RR 1.19; CI: 0.23
to 6.20). The reported studies provided direct evidence of the ef
fects of HCL pump use in women with preexisting T1DM in
pregnancy. Limitations of the primary evidence included small
sample size (from 10 to 124 women evaluated, and mostly
White) leading to imprecision, evaluation of different pump
technologies, sensors and algorithms, initiation of the interven
tion at different time points during pregnancy with different glu
cose targets and variability in diet composition and
carbohydrate intake of participants. These factors should be
considered when evaluating study results.

Glucometrics
Stewart et al conducted a randomized crossover study com
paring overnight HCL therapy with the control group using 
sensor-augmented pump therapy (SAPT) in 16 pregnant indi
viduals with T1DM264, to examine the safety, efficacy, and 
long-term feasibility of the 2 systems. Pregnant women 
randomized between 8 and 20 gestational weeks of preg
nancy, were aged 18 to 45 years, with a level of HbA1c be
tween 6.5% and 10%. The primary end point was a TIR of 
63 to 140 mg/dL (3.5-7.8 mmol/L), and a secondary out
come was an TBR lower than 63 mg/dL (3.5 mmol/L). 
During the overnight phase, the overnight TIR was 74.7% 
vs 59.5%, absolute difference 15.2%, (95% CI: 6.1-24.2, 
P = .002) higher for the HCL group, with no statistical differ
ence in time below range (TBR <63 mg/dL/3.5 mmol/L) (1.3 
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vs 1.9; mean adjusted difference between groups 0.6, 95% CI 
−1.7 to 0.6).

During the continuation phase, 14 women used HCL for the
entire 24-hour period until the time of delivery, and 12 contin
ued use up to 6 weeks postpartum266. During the continuation 
phase, HCL therapy was associated with comparable levels of 
glycemia and significantly less nocturnal hypoglycemia than 
SAPT (1.6% vs 2.7%; mean adjusted difference between 
groups −1.1, 95% CI −0.2 to −2.1, P = .06).

This study went on to evaluate the feasibility and safety of 
using HCL for glucose management during labor, delivery, 
and postpartum. Users of HCL during these critical times 
spent 82% of their time in TIR during labor and delivery 
with a mean ± SD glucose level of 124 ± 36 mg/dL (6.9 ± 2.1 
mmol/L). Individuals in the HCL group maintained this level 
of glycemia regardless of the delivery method including vagi
nal, elective cesarean, and emergency cesarean delivery.

In a 2023 multicenter RCT, Lee et al assessed the efficacy of 
HCL therapy, randomized 124 women with T1DM, 18 to 45 
years old, before 14 weeks gestation with HbA1c levels from 
6% to 11%, to either standard insulin therapy using MDI 
with CGM or SAPT vs HCL250. The primary outcome was 
the percentage of TIR time in the pregnancy-specific target glu
cose range (glucose targets 63-140 mg/dL [3.5-7.8 mmol/L]). 
Individuals using HCL spent more time in pregnancy-specific 
TIR during the treatment period (from 47.8% ± 16.4% at 
baseline to 68.2% ± 10.5% during the treatment period in 
the closed-loop group and from 44.5% ± 14.4% at baseline 
to 55.6% ± 12.5% during the treatment period in the stand
ard group [mean adjusted difference between groups 10.5% 
points, 95% CI 7.0 to 14.0, P < .001]), less time in pregnancy- 
specific TAR (>140 mg/dL/7.8 mmol/L) (from 48.7% ± 18% 
at baseline to 29.2% ± 10.6% during the treatment period 
in the closed-loop group and from 51.8% ± 16.2% at baseline 
to 41.4% ± 13.2% during the treatment period in the stand
ard group [mean adjusted difference between groups 
−10.2% points, 95% CI −13.8 to −6.6, P < .001]), and less
pregnancy-specific TBR (< 63 mg/dL/3.5 mmol/L) (from
2.75% at baseline to 2.26% during the treatment period in
the closed-loop group and from 2.26% at baseline to 2.02%
during the treatment period in the standard group [mean ad
justed difference between groups −0.43% points, 95% CI
−1.04 to 0.19]) compared to controls.

A multicenter prospective real-world cohort study in Spain com
pared glucometrics and maternal-fetal outcomes of 112 women 
with preexisting T1DM using HCL with a median glucose target 
at 99 mg/dL (5.5 mmol/L) vs MDI with CGM262. The mean age 
of participants was 34.8 years, with HbA1c levels from 6.3% to 
7.7%. Both groups had increased TIR (63-140 mg/dL/ 
3.5-7.8 mmol/L) and decreased TAR (>140 mg/dL/7.8 mmol/L) 
at the second and third trimester with respect to first trimester. 
The HCL group spent less TBR (<63 mg/dL/3.5 mmol/L) com
pared to MDI group (HCL 3% vs 2% vs 1% from first to second 
and third trimester; MDI 4% vs 3% vs 2% from first to second 
and third trimester, P < .05). The HCL group gained more weight 
and had a higher prevalence of fetal macrosomia.

A European RCT evaluated an HCL system that uses an al
gorithm that automatically adapts the basal insulin rate and 
provides automated insulin bolus to correct for hyperglycemia 
and has a glucose concentration target of 5.5 mmol/L 
(100 mg/dL) ability to improve glycemic control with less 
hypoglycemia in 95 women with preexisting type 1 diabetes 
in pregnancy, aged 18 to 45 years, median start of therapy 

10 gestational weeks, and with baseline HbA1c 6.5% in 
both groups 9%261. Of note, even though this was a HCL 
pump, it did not accommodate pregnancy-specific glucose tar
gets in its algorithm. This study demonstrated a nonsignificant 
3.3% overall improvement for mean TIR for women using 
HCL vs standard therapy (MDI/SAPT), (66.5% ± 10% vs 
63.2% ± 12.4%, adjusted mean difference of 1.88, 95% CI 
−0.82 to 4.68, P = .17).

In one RCT, the authors compared HCL therapy to SAPT
without specific glucose targets in 23 women with preexisting 
T1DM to evaluate safety, glucometrics, and health outcomes. 
Participants were enrolled in the first trimester, randomized at 
14 to 18 weeks of gestation, mean age 31 years, mean HbA1c 
value 6.8%265. This study used an HCL pump, with partici
pants randomized to using its activated HCL algorithm or 
the HCL algorithm. The HCL glucose target was 120 mg/dL 
(6.7 mmol/L), but lower targets could be used by deactivating 
the HCL algorithm (SAPT). Time spent below 63 mg/dL/ 
3.5 mmol/L (TBR) decreased in both groups, significantly in 
the HCL group (3.5% ± 1.3% second trimester and 2.8% ±  
1.3% third trimester vs 7.9% ± 1.3% run-in phase, P < .05 
for both). However, those using SAPT had a 3.9% improve
ment in TIR (63–140 mg/dL) in the third trimester with re
spect to run-in phase (68.2% ± 3.1% vs 64.3% ± 3.1, P  
< .05), while this was non-significant in the HCL group 
(61.9 ± 3.2 vs 62.3 ± 3.2%). There was no difference in ad
verse safety or pregnancy outcomes between HCL and 
SAPT. The improved 3rd trimester A1C and average glucose 
noted in the SAPT group suggests the importance of which gly
cemic targets are used by HCL systems in pregnancy.

The studies that analyzed the use of HCL in pregnancy have 
demonstrated safe use of this system, along with some benefits. 
Women with preexisting T1DM spent either more time in 
pregnancy-specific TIR250,264,  or less time in TBR261,263,265

Furthermore, many women with lower TIR in early pregnancy 
increased their TIR with the use of HCL technology, although 
using lower pregnancy targets in the AiDAPT study may have 
contributed to the favorable findings in the HCL technology 
arm250. Finally, pregnant women who had higher TIR in early 
pregnancy maintained or increased their TIR in later preg
nancy and reported a decrease in their overall diabetes burden, 
worry about the health of their unborn child, along with im
proved sleep. As a result, the GDP discerned that the evaluated 
evidence probably favors the intervention.

Harms
The GDP also considered the undesirable effects from the 
intervention to be to be trivial.

Stewart et al reported 95 device failures, 18 during SAPT, 
21 during closed-loop therapy and 56 during run-in and 
continuation phase, but none resulted in maternal severe 
hypoglycemia or hyperglycemia263,264. Lee et al reported no 
differences in device-related adverse events in the 2 groups 
of individuals evaluated250. Benhalima et al reported no differ
ences in the device failures in the 2 groups (40 vs 39) with no 
related adverse events261. No adverse events related to device 
defects were reported by Polsky and Quiros262,265.

In the RCT study by Lee et al, differences in pregnancy were 
not evaluated250.

Quiros et al reported that newborns of HCL users were 
more likely to have higher birthweight (β-adjusted 279.0 g, 
95% CI 39.5-518.5) and macrosomia (adjusted odds ratio 
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3.18, 95% CI 1.05-9.67) compared to MDI users. However, 
these associations disappeared when maternal weight gain or 
third trimester HbA1c were included in the models262.

In the RCT by Polksy et al, no differences in pregnancy out
comes of preterm birth, birth weight, neonatal complications, 
or admission to the neonatal intensive care unit are reported265.

Other Evidence to Decision Criteria and 
Considerations
Resources needed for implementation include access to HCL 
technology and training for clinicians and increased diabetes 
self-management education and support (DSMES) for individu
als. Rankin et al interviewed 19 health care professionals about 
their views on the training and support needed to roll out HCL 
technology to pregnant women with T1DM267. Interviewees 
identified challenges and opportunities to this rollout and pro
vided practical suggestions to upskill inexperienced staff who 
would be supporting individuals using the technology. A key pri
ority will be to determine how best to develop such services.

The GDP also considered the potentially higher cost of more 
advanced technologies, such as HCL pumps compared with in
sulin pumps with CGM and MDI with CGM, due to differences 
in cost and reimbursement of medication and diabetes supplies 
in different countries. Clinicians and health care systems also re
quire training and available experts to support high-quality im
plementation of these technologies. From the clinician’s 
perspective, the costs of technical training of device insertion, 
reading reports, and interpreting data may be cost-prohibitive.

None of the reviewed articles evaluated the costs of imple
menting HCL pumps or provided sufficient data on the main out
comes to determine cost-effectiveness4,152,250,261,262,264–266. 
CGM alone has been shown to be cost-effective in pregnancies 
in women with T1DM. Feig et al reports that if the National 
Health Service (NHS) in the United Kingdom paid for CGM 
for all women with T1DM during pregnancy, this would save 
£9.6 million per year, a cost reduction of 40% compared with 
self-monitoring of blood glucose222. The infants of women 
with T1DM using CGM in pregnancy had shorter neonatal in
tensive care unit (NICU) stays.

Ozaslan et al evaluated the feasibility of using closed-loop 
insulin delivery with a zone model predictive control (MPC) 
algorithm designed to be used by women with PDM in preg
nancy268. Eleven pregnant women already using SAPT were 
enrolled in and completed this 2-day study, which demon
strated that a customized closed-loop control system tailored 
to pregnancy glucose targets is feasible for women previously 
using SAPT. The panel judged that the feasibility of the inter
vention will vary. These technologies are not available in all 
countries, and which technologies are available varies from 
country to country. Costs may be prohibitive to individuals 
and health care systems may not have the resources necessary 
to support their use. The intervention may be feasible if indi
vidualized management is performed, taking into consider
ation factors such as patients’ preferences, accessibility, costs 
and access to careful clinical monitoring.

There was some evidence for acceptability. Wang et al took a 
qualitative study approach by interviewing 4 Canadian women 
with preexisting T1DM in pregnancy using a HCL system, who 
reported a reduction in the burden of diabetes management and 
improved sleep269. Lawton et al also took a qualitative ap
proach to study the lived experiences of 23 women with preex
isting T1DM in pregnancy using HCL technology, with the aim 

of informing health care clinicians on best practices for ante
natal rollout and guidance and support for future users. 
These interviews revealed that HCL users experienced less dia
betes self-management burden and worried less about diabetes- 
related pregnancy complications and being judged negatively 
by health care clinicians4,79,270. Additionally, they reported 
that having intensive input into their care and the support of 
health care professionals in early pregnancy contributed to suc
cessful adjustment to using HCL technology. Participants em
phasized the importance of education in helping them make 
daily care decisions using HCL technology. These results sug
gest reducing the burden of diabetes with HCL technology 
and the need for adequate education to support effective use.

Data are scarce on the impact of the intervention on health 
equity. Additionally, mostly White women have been included 
in the studies222. Participants in the studies include in our meta- 
analysis reports were highly educated (many with a bachelor’s 
degree or higher) White women, who were able to maintain 
contact with their diabetes health care team for frequent insulin 
adjustments and were able to attend diabetes self-management 
education. These attributes may not be generalizable to other 
women with PDM using advanced diabetes technologies.

Justification for the Recommendation
Identified studies show that HCL systems improve overnight 
time in, below and above range in patients with type 1 diabetes 
who are pregnant. Although the 24-hour outcomes are not 
statistically significant, the direction of effect remains consist
ent and favorable. The only RCT discordant in terms of TIR 
(Polsky 2024) used a HCL system that is no longer marketed. 
Finally, two meta-analysis have been recently published with 
different approaches which included observational studies 
and have reported potential benefits of HCL therapy271,272. 
No significant differences were found in maternal and neo
natal outcomes in pregnant women treated with HCL com
pared with control groups. There was no identified harm for 
using HCL technology, in terms of maternal severe hypogly
cemia or hyperglycemia, preterm birth, birth weight, neonatal 
complications, or admission to the NICU. The GDP judged 
that the intervention was acceptable to patients. This interven
tion may be feasible if the user can afford the technology, has a 
desire to use the technology, can maintain contact with their 
diabetes care team, and can attend diabetes self-management 
education visits with educators who are knowledgeable and 
experienced in using diabetes technology.

Comments
Implementation of HCL pump therapy requires expert advice 
from someone adept in the use of insulin pumps in pregnancy. 
The individual algorithms used by HCL technology use differ
ent glycemic targets and different algorithms and so vary in 
their impact on glucometrics and presumably pregnancy out
comes. The decision on whether or not to use HCL technology 
and which technology to use should be made with shared de
cision making by the patient and the clinician.

The GDP’s primary objective was to assess the risks and 
benefits of HCL in individuals with preexisting T1DM. Yet, 
women with T2DM have a higher rate of stillbirths and peri
natal mortality than women with T1DM, so it is also very im
portant that they have good glycemic management during 
pregnancy. Further research in this area to better understand 
the implications of HCL in T2DM is needed.
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Recently, in a 13-week, multicenter trial, adults with 
insulin-treated T2DM were randomly assigned in a 2:1 ratio 
to receive insulin delivery with an HCL device or to continue 
their pretrial insulin delivery method (control group); both 
groups received CGM. A total of 319 patients underwent ran
domization. HbA1c levels decreased by 0.9% points (from 
8.2% ± 1.4% at baseline to 7.3% ± 0.9% at week 13) in the 
HCL group and by 0.3% points (from 8.1% ± 1.2% to 7.7%  
± 1.1%) in the control group (mean adjusted difference, 
−0.6% points; 95% CI −0.8 to −0.4; P < .001). The mean per
centage of TIR (70-180 mg/dL) increased from 48% ± 24% to
64% ± 16% in the HCL group and from 51% ± 21% to 52 %
± 21% in the control group (mean difference, 14% points; 95%
CI, 11 to 17; P < .001). In T2DM patients, HCL was associated
with a greater reduction in HbA1c levels than CGM alone20.

Finally, in order to achieve optimal use of these new tech
nologies, specific training and support for users and health 
care providers are important.

Research Considerations
The GDP acknowledges that there are differences between 
HCL systems during pregnancy especially in terms of adequate 
glycemic targets, but data are not sufficient to suggest a 
preferential use of one technology. HCL use during pregnancy 
must be able to demonstrate a reduction of adverse maternal 
and fetal outcomes, yet most of the studies performed until 
now have not been powered for these outcomes. 
Furthermore, for optimal use of these new technologies, spe
cific training and support for users and health care providers 
are important to maximize the clinical benefit of these tech
nologies. An evaluation of how to properly implement these 
technologies in practice is also required.

Proposed future research questions include: 

• Should HCL pumps vs MDI plus CGM be used to manage
glycemic control in preexisting T2DM in pregnancy?

• For both T1DM and T2DM
○ What glycemic targets should HCL pumps use in

pregnancy?
○ Should HCL glycemic targets vary based on time of

day or trimester of pregnancy?
○ Which HCL algorithms are best in pregnancy?
○ Should HCL pumps be started before conception or

after pregnancy confirmation in those with PDM?

Early Delivery Based on Risk Assessment
Background
Individuals with preexisting diabetes (PDM) are at higher risk for 
adverse perinatal outcomes; glycemia and comorbidities modify 
these risks. Some adverse outcomes, including maternal hyper
tensive disorders of pregnancy, delivery-related morbidity, and 
stillbirth, may be prevented by delivery before 39 weeks130. 
However, this is associated with an increased likelihood of neo
natal intensive care unit (NICU) admission and other neonatal 
morbidities. Optimal delivery timing balances the known mor
bidity associated with preterm delivery with the risks for stillbirth 
and maternal complications in ongoing pregnancy. In women 
with PDM and ideal glycemia and without maternal hyperten
sion or fetal growth abnormalities, the American College of 
Obstetricians and Gynecologists (ACOG) recommends delivery 
at 39 0/7 to 39 6/7 weeks130,273,274. In contrast, in the presence 
of vascular complications, hyperglycemia, or prior stillbirth, 

ACOG guidelines recommend considering delivery at 36 0/7 to 
38 6/7 weeks; the existing guidelines do not comment on other 
common comorbidities, particularly obesity and other cardiome
tabolic abnormalities, that are independently associated with 
perinatal morbidity. The GDP prioritized this question because 
optimizing timing of delivery will improve outcomes in pregnan
cies complicated by PDM. 

Question 9. Should early delivery based on risk assessment vs 
expectant management be used in individuals with preex
isting diabetes mellitus?

Recommendation 9

In individuals with preexisting diabetes mellitus (PDM), 
we suggest early delivery based on risk assessment ra
ther than expectant management (2 | ⊕OOO).

Technical remarks

• There are no validated obstetric risk assessment
tools for individuals with PDM.

• Risk assessment criteria that may be useful to inform
ideal delivery timing include the history of diabetes- 
related complications, measures of glycemia, ultra
sound assessment of fetal growth and amniotic fluid
volume, and presence of other comorbidities associ
ated with adverse perinatal outcomes.

• Risks may outweigh any benefits of expectant man
agement beyond 38 weeks gestation, even among
those with ideal glycemic management.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/VGvoz_mXCdA.

Benefits and Harms
The systematic review did not identify any randomized con
trolled trial (RCT) evaluating the impact of delivery before 39 
weeks based on risk assessment for the outcomes of interest: 

• Perinatal mortality
• NICU admission
• Birth trauma
• Hypertensive disorders of pregnancy
• Maternal mortality

The Guideline Development Panel (GDP) weighted the in
direct evidence demonstrating the risk of perinatal mortality, 
particularly stillbirth, at term in PDM. Additionally, the 
GDP gave weight to the indirect evidence in the general popu
lation demonstrating the lack of harm and potential benefits of 
labor induction at term.

The systematic review identified several retrospective cohort 
studies that compared neonatal and maternal outcomes based 
on timing of delivery at or beyond 36 weeks’ gestation. 
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Although many of these studies demonstrated an association 
of early delivery with adverse outcomes, particularly before 38 
weeks, the GDP considered this indirect evidence to be of limited 
utility. Specifically, the GDP was concerned about the residual 
confounding inherent in any retrospective study of delivery tim
ing, as, in clinical practice, individuals who deliver early are not 
the same (likely perceived by clinicians to be at higher risk for 
morbidity) as those whose pregnancies are managed expectant
ly. Other study limitations were the inclusion of individuals with 
GDM in addition to those with PDM and lack of standard re
porting of confounders such as measures of glycemia or other 
measures by which clinical risk assessment could be performed. 
Finally, most studies reported composite neonatal morbidity 
and mortality; this complicated our assessment of whether early 
delivery might be beneficial for the neonate, as delivery decreases 
risks for some neonatal complications (such as stillbirth, macro
somia, and birth trauma) while increasing others, particularly re
spiratory morbidity. While there are several RCTs of labor 
induction at term, we identified only one that included any indi
viduals with diabetes; most (94%) of the participants in that 
study had GDM, and those with diabetes-related complications 
were excluded, thus limiting the generalizability of the findings 
to pregnancies complicated by PDM275.

Based on indirect evidence, the GDP concluded that there 
were some neonatal benefits of early delivery (37 0/7 to 38 6/7 
weeks) based on risk assessment. Though the magnitude of these 
effects is unclear, the neonatal benefits of delivery before 39 
weeks include prevention of macrosomia, birth trauma, and 
stillbirth. The incidence of birth trauma is associated with fetal 
size, which increases with increasing gestational age. In a meta- 
analysis of studies that excluded individuals with PDM, labor in
duction for suspected fetal macrosomia was associated with a re
duced risk for shoulder dystocia (risk ratio [RR], 0.60; 95% CI: 
0.37-0.98) and fracture (RR, 0.20; 95% CI: 0.05-0.79) com
pared with expectant management. PDM is consistently associ
ated with stillbirth: a 2024 meta-analysis of 37 studies 
concluded that PDM was associated with a more than 3-fold in
creased risk for stillbirth (pooled odds ratio [OR] 3.74; 95% CI: 
3.17-4.41; I2 = 82.5). The risk for stillbirth is higher among in
dividuals with type 2 diabetes mellitus (T2DM), who are more 
likely to have cardiometabolic risk factors for stillbirth and to 
be part of a minoritized community that experiences inequities 
in pregnancy outcomes and less likely to be cared for by dedi
cated multidisciplinary pregnancy teams than those with type 
1 diabetes mellitus (T1DM)273,276. Class 3 obesity may confer 
additional risk for stillbirth that should be incorporated into de
cisions regarding delivery timing. In a retrospective analysis of 
more than 3 million births, while PDM was associated with a 
more than 9-fold increase in the risk for stillbirth, the adjusted 
hazard ratio for stillbirth at 37 to 39 weeks was 25.34 (95% 
CI: 15.58-41.22) in those with both PDM and class 3 obesity277. 
Retrospective studies that stratify outcomes by delivery timing in 
people with diabetes have not been sufficiently powered to iden
tify a difference in stillbirth and birth trauma by gestational 
week. Based on data suggesting that the population-level risk 
for stillbirth increases by week at term, the GDP concluded 
that early-term delivery based on risk factors would reduce the 
incidence of stillbirth among people with diabetes.

Based on indirect evidence, the GDP also concluded there 
were likely maternal benefits of early delivery using risk strati
fication. These include reduced incidence of hypertensive dis
orders of pregnancy, cesarean delivery, and severe maternal 
morbidity. Retrospective studies among individuals with 

PDM have not found an association between week of delivery 
and risk for hypertensive disorders or severe maternal morbid
ity, in part because hypertensive disorders are an indication for 
delivery. However, as the prevalence of hypertension increases 
at term, delivery is protective; in a trial of labor induction vs 
expectant management in low-risk pregnancies at 39 weeks, 
labor induction was associated with a significant decrease in 
the risk for hypertensive complications (RR 0.6; 95% CI: 
0.6-0.7)278. While the overall risk for cesarean delivery is 
high among people with diabetes, delivery at early term is 
not associated with significant differences in the risk for cesar
ean delivery in retrospective data. Early labor induction may 
even be protective against cesarean delivery; in low-risk indi
viduals at term, induction was associated with decreased risk 
for cesarean delivery (RR 0.84; 95% CI: 0.76-0.93). Both 
hypertension and cesarean delivery are independently associ
ated with severe maternal morbidity; however, no studies 
have demonstrated an association of early delivery with lower 
risk for severe maternal morbidity.

Based on indirect evidence, the GDP concluded that the 
harms of early delivery based on risk assessment are variable 
based on gestational age but trivial after 38 weeks. Potential 
harms include neonatal morbidity, such as NICU admission, re
spiratory distress syndrome, hypoglycemia, hyperbilirubine
mia, and other diagnoses that could be related to prematurity. 
The GDP did not identify evidence suggesting maternal harm 
with early delivery based on risk assessment. Elective early-term 
(37 to 38 6/7 weeks) delivery is associated with neonatal mor
bidity in people without diabetes279. Among people with dia
betes, delivery at 36 and 37 weeks is consistently associated 
with neonatal morbidity in retrospective studies. The harm of 
delivery is less clear at 38 weeks, with conflicting data. One 
large study using administrative data found an association of 
iatrogenic delivery, defined as pre-labor cesarean delivery or la
bor induction, with neonatal morbidity at 36 and 37 weeks, but 
not 38 weeks280. Similar results were seen in a single-center 
study that included 4750 participants with either PDM or ges
tational diabetes (GDM). A subsequent Canadian population– 
based study demonstrated a modest association of delivery at 
38 weeks with NICU admission (adjusted [a]RR, 1.61; 95%  
CI: 1.36-1.90) compared with delivery after 39 weeks281. 
Meanwhile, in an analysis of US natality data, planned delivery 
at 38 to 39 weeks was associated with lower odds of neonatal 
morbidity than expectant management among people with dia
betes (aRR, 0.88; 95% CI: 0.77-0.99). The GDP concluded 
that, in aggregate, the indirect evidence suggests minimal 
harm of delivery after 38 weeks282.

Evidence to Decision Factors
The GDP felt there was little variability in the high value of the 
selected outcomes to individuals.

There are no cost-effectiveness analyses of risk-based deliv
ery at term for people with PDM; we considered costs associ
ated with labor induction and excess NICU admission to be 
most relevant; early delivery based on risk assessment might 
lead to excess NICU admissions, which are a driver of health 
care costs. The GDP estimated that the resources required 
for implementation would be moderate, but whether addition
al resources would be needed to proceed with early delivery is 
unclear; any resources beyond those required for birth after 
expectant management would be attributable to prolonged la
bor and delivery stay. Elective labor induction may be 
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associated with additional cost among low-risk, nulliparous 
individuals at 39 weeks; however, the resources required de
pend on the baseline risks for hypertensive disorders and ce
sarean delivery, both of which are more common in people 
with diabetes4,283,284. Shared decision making about delivery 
timing is part of routine obstetric care; therefore, risk-based 
delivery before 39 weeks was judged to be feasible and accept
able and unlikely to require additional resources. Although 
there are no validated risk assessment tools, a standardized ap
proach to delivery in pregnancies complicated by diabetes may 
improve equitable care delivery and decrease disparities in 
perinatal outcomes.

Justification for the Recommendation
This recommendation is based on indirect evidence drawn 
from retrospective cohort studies of individuals with PDM 
as well as RCTs in individuals with either GDM or normal glu
cose. In all populations including individuals with diabetes, 
delivery prior to 39 weeks is associated with neonatal morbid
ity related to prematurity, primarily respiratory; however ex
pectant management at term is associated with maternal 
morbidity and other neonatal morbidities, including birth 
trauma and stillbirth. Observational data suggests glycemia 
and other comorbidities are important modifiers of the risk 
for adverse neonatal and maternal outcomes. The GDP placed 
high value on the outcome of stillbirth to support the condi
tional recommendation for delivery prior to 39 weeks among 
individuals assessed to have multiple risk factors for adverse 
outcomes.

Comments
Based on the available evidence, the panel concluded that in 
individuals with PDM, early delivery rather than expectant 
management should be considered. The recommendation is 
based in part on the lack of any validated obstetric risk assess
ment tools to address the question. The panel considered ex
pectant management, defined as when intervention is 
delayed in favor of close monitoring of the mother and fetus 
with the goal of prolonging pregnancy to achieve an optimal 
perinatal outcome. The panel fully endorsed the judgment of 
the health care providers, in conjunction with joint decision 
making with the patient, to determine the optimal timing of 
delivery. The decisions are based on diabetes-related compli
cations, obstetrical considerations such as hypertensive disor
ders of pregnancy and fetal growth and risk of stillbirth. Based 
on the evidence presented in this summary, the panel consid
ered delivery no later than 38 6/7 weeks, even in those with 
ideal glycemic control, as a timepoint when maternal and fetal 
risk of morbidity begin to outweigh the benefits of expectant 
management.

Research Considerations
We suggest research addressing the following questions: 

• What is the role of social determinants of health in add
ition to medical factors for predicting adverse perinatal
outcomes, particularly stillbirth?

• Does the use of a risk assessment tool that incorporates the
clinically evident risk factors associated with maternal
morbidity and perinatal mortality to determine delivery
timing reduce maternal morbidity and perinatal mortality?

Postpartum Endocrine Care
Background
The postpartum period, the time between delivery and 12 weeks 
postpartum, is a critical time for maternal and neonatal health. 
The interpartum period is also critical for preparing for the next 
pregnancy, as postpartum care is often also preconception care 
(PCC)285. Some components of postpartum care include contra
ceptive and pregnancy planning, care for diabetes and its com
plications, obesity care, lactation support, management of 
postpartum hypertension, screening for depression, and man
agement of thyroid disorders4,28,286–289. Special attention is 
needed for diabetes complications, such as nephropathy290.

Unfortunately, many people with diabetes experience lapses 
in care in both the immediate postpartum period and even dur
ing the first year postpartum291,292. Two common reasons for 
urgent visits and readmission postpartum are hypertension 
and infection293. Women with preexisting diabetes mellitus 
(PDM) have increased risk of severe maternal morbidity 
(and mortality) postpartum (adjusted odds ratio [aOR], 1.25 
[1.13-1.37])78. PDM especially raises the risk for de novo 
postpartum hypertension (13% vs 3%; P =  < .001) and per
sistent postpartum hypertension (21.5% vs 5.6%; 
P < .001)294. It is also a known risk factor for postpartum sep
sis (OR, 3.46; 95% CI: 3.014-3.83)295 and wound infec
tion296. Therefore, lapses in postpartum care are especially 
concerning in this high-risk population.

Rates of breastfeeding are much lower in women with PDM 
for various reasons, including a higher rate of postpartum 
complications, fear of hypoglycemia, lapses in postpartum 
diabetes care with resultant variability in maternal glycemia, 
and lapses in lactation support297–302. Additionally, lapses in 
care resulting in hyperglycemia and decreased uptake of 
contraception and pregnancy planning could lead to increased 
risk of congenital malformations and miscarriage in a future 
pregnancy4,5.

Management of maternal glycemia postpartum is challen
ging, as this period is characterized by dramatic changes in in
sulin requirements, increasing the risk of both hypo- and 
hyperglycemia. Insulin demand decreases dramatically with 
delivery of the placenta4,303, followed by a gradual increase 
in insulin resistance in the weeks following delivery. 
Hypoglycemia, especially nocturnal, is recognized as a prob
lem in lactating women, and this is cited as a reason some 
chose not to breastfeed297,303,304. Advances in diabetes tech
nology may help reduce hyper- and hypoglycemia167; diabetes 
care increasingly relies on advanced technology (continuous 
glucose monitors [CGMs] and hybrid closed-loop [HCL] 
pumps) as well as a rapidly evolving array of oral and inject
able pharmaceuticals. This complexity highlights the import
ance of expert diabetes care in the postpartum period4,5

Question 10. In postpartum individuals with preexisting dia
betes mellitus (including those with pregnancy loss or ter
mination), should postpartum endocrine care 
(comprehensive diabetes management) in addition to usu
al obstetric care vs usual obstetric care be used?

Recommendation 10

In individuals with preexisting diabetes mellitus (PDM) 
(including those with pregnancy loss or termination),  
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we suggest postpartum endocrine care (diabetes manage
ment), in addition to usual obstetric care (2 | ⊕OOO).

Technical remarks

• In addition to routine obstetric care, immediate
postpartum care for individuals with PDM should
prioritize glycemic management to support healing,
promote lactation, and facilitate the transition to in
terpregnancy and long-term diabetes management.

• Ideally, postpartum diabetes care should be deliv
ered by a multidisciplinary team that includes
physicians specializing in diabetes and/or endocrin
ology, as well as nurses, dietitians, and certified dia
betes care and education specialists. This team
should also support ongoing, long-term established
follow-up.

• In many cases, postpartum care also serves as pre
conception care (PCC) for a future pregnancy.
Approximately half of all deliveries occur among
individuals who already have at least one child,
highlighting the opportunity for postpartum care
to contribute meaningfully to PCC. There is strong
evidence that preconception care improves several
pregnancy outcomes in individuals with PDM.

Summary of Evidence
The meta-analysis results, a detailed summary of the evidence, 
and Evidence to Decision (EtD) tables can be found online at: 
https://guidelines.gradepro.org/profile/b0DXzdWOGRA.

Benefits and Harms
The systematic review identified no randomized controlled tri
al (RCT) comparing postpartum endocrine care (comprehen
sive diabetes management) plus usual obstetric care vs usual 
care in individuals with PDM on the prespecified outcomes 
of interest: 

• Maternal severe hyperglycemia or hypoglycemia requir
ing medical attention

• Glucometrics (time in range [TIR], time above range
[TAR], and time below range [TBR])

• Maternal hypoglycemia
• Use of contraception
• Glycated hemoglobin (HbA1c) within the first year

postpartum
Indirect evidence from a previously described meta- 

analysis, demonstrating that PCC reduces HbA1c and con
genital malformation, supports this recommendation5. This 
meta-analysis found that PCC (generally delivered by a 
multidisciplinary team that included endocrinologists and 
certified diabetes care and education specialists) resulted in 
not only a lower HbA1c in the first trimester and a reduction 
in congenital malformations but also a reduction in preterm 
delivery by 15% (risk ratio [RR] 0.85; 95% CI: 0.73-0.99), 
perinatal mortality (RR 0.46; 95% CI: 0.30-0.73), and 

neonatal intensive care unit (NICU) admissions (RR 0.75; 
95% CI: 0.67-0.84).

Further indirect evidence to support this recommendation 
comes from retrospective analysis of the Atlantic-Diabetes in 
Pregnancy (Atlantic-DIP) program, a multidisciplinary inter
vention including preconception, pregnancy, and postpartum 
endocrine care for individuals with diabetes. In a retrospective 
chart review comparing 217 pregnancies before the initiation 
of the Atlantic-DIP program with 228 after the intervention 
was initiated305, there was a significant reduction in first- 
trimester HbA1c (7.8% to 7.1%; P < .001) following the 
intervention, increased uptake of PCC (49% vs 23%; 
P < .001), and an important reduction in congenital malfor
mations (5% to 1.8%; P = .04). Contraception uptake was 
not reported. Further indirect evidence supports the need for 
increased postpartum support in high-risk groups that in
cluded PDM. In a RCT comparing a single 6-week with 
2-week and 6-week postpartum obstetric visits, the rate of ur
gent care visits decreased from 30% to 16% (P = .01)293.
Diabetes care was not specified, and diabetes complications
were not reported. A retrospective cohort study of individuals
at high risk for maternal morbidity (38.6% with diabetes)
compared 2590 enrolled in a postpartum program (which in
cluded endocrine follow-up for diabetes) with 3229 not en
rolled306. While measures of glycemia and uptake of
contraception were not reported, the adjusted incidence of all- 
cause hospitalizations within 30 days postpartum was 20%
lower among enrollees (incident RR 0.80; 95% CI:
0.67-0.95). These studies suggest that more frequent post
partum care is beneficial in high-risk groups.

Indirect evidence from a RCT demonstrating that HCL 
technology vs sensor-augmented pump therapy (SAPT) in 
the postpartum period reduces maternal hypoglycemia sup
ports this recommendation307. Participants (n = 18) in the 
closed-loop arm had less TBR (defined as <70 mg/dL/ 
3.9 nmol/L [1.7% vs 5.5%; P < .001] and defined as 
<54 mg/dL/3 nmol/L [0.3 vs 1.1%; P = .008]). There were 
no episodes of severe hyper- or hypoglycemia reported, and 
no difference in TAR or TIR. HbA1c and contraceptive uptake 
were not reported. This study was designed to—and success
fully did—demonstrate the value of a technological interven
tion; this would have been less feasible without the support 
of a team with specific diabetes expertise.

Other Evidence to Decision Criteria and 
Considerations
Hypoglycemia and fear of hypoglycemia in the postpartum 
period, at times leading to cessation of breastfeeding, emerged 
as an overriding concern among individuals in several 
studies298,308,309. Furthermore, studies suggest that individu
als with diabetes would prefer more support, including from 
diabetes specialists, in the postpartum period293,298,308–312.

There are no publications on the cost or cost-effectiveness of 
additional endocrine-focused postpartum care. Postpartum 
care could potentially be cost saving if it reduced rates of re
admissions, increased rates of breastfeeding, and reduced 
rates of congenital malformations in future pregnancies. 
The cost-effectiveness of PCC is supported by a systematic 
review33.

Factors associated with nonattendance of postpartum visits 
include younger age, Black race, Hispanic ethnicity, Medicaid 
insurance, mental health disorders, lower socioeconomic 
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status, decreased access to prenatal care, adverse pregnancy 
outcomes, limited resources (eg, lack of access to care, limited 
childcare), and low health literacy291,292,313, suggesting 
significant inequity in postpartum care. Higher rates of 
follow-up were associated with specialist (including endo
crinologist) provider vs primary care314 suggesting that if 
postpartum specialist visits were widely available to all in
dividuals, postpartum endocrine care might reduce inequi
ties among individuals with diabetes. Offering 2 
postpartum visits (at 2 and 6 weeks) instead of only one 
at 6 weeks improved overall attendance at one visit for mi
nority individuals in a RCT293.

Justification for the Recommendation
The GDP based its recommendation on very low certainty in
direct evidence suggesting that postpartum endocrine care 
could result in reductions in maternal hypoglycemia as well 
as in urgent visits and readmissions in the immediate post
partum period and moderate to high certainty evidence that 
PCC can reduce HbA1c and congenital malformations in sub
sequent pregnancies. Additionally, evidence suggests concerns 
about diabetes management and desire for support from indi
viduals. The GDP judged that the risk of undesirable effects is 
low. Therefore, the GDP concluded that the balance of effects 
probably favors the intervention and that the evidence sug
gested it would be acceptable to individuals. Costs would be 
moderate, but, based on the indirect evidence of a preconcep
tion meta-analysis, it might be cost-effective. Feasibility and 
equity would vary.

Comments
Individuals who experience a pregnancy loss are even less like
ly to receive postpartum care, despite being at increased risk 
for adverse outcomes in the acute period (such as depression) 
and in future pregnancies. Ditosto et al provides a useful re
view of implementation strategies (such as virtual reminders, 
mHealth applications, medical home model, patient naviga
tion, and postpartum transition clinics) for postpartum care 
in this especially vulnerable population313.

Implementation Considerations
The feasibility of implementing postpartum endocrine care 
varies across health care settings and may be particularly diffi
cult in the United States, where there is a shortage of physicians, 
including both endocrinologists and obstetricians315,316. 
Disadvantaged and minority populations must be considered. 
Endocrine care should be provided by health care specialists 
who have expertise in the care of diabetes and pregnancy. 
Strategies to improve uptake include (but are not limited to) 
scheduling postpartum care before delivery, flexibility in sched
uling, consideration of childcare needs, and use of telehealth. 
Saldanha et al conducted a systematic review of strategies for 
the delivery of postpartum care317 and concluded that provid
ing contraceptive care early in the postpartum period was asso
ciated with greater uptake of contraceptive use and that both 
peer support and support from a lactation consultant increased 
rates of breastfeeding.

Research Considerations
RCTs comparing usual obstetric care with usual care plus en
docrinologic/diabetes-focused care from hospital discharge to 

12 months postpartum in individuals with diabetes are 
needed. Studies of cost-effectiveness, equity, implementation, 
and feasibility are also required. Specific questions to be an
swered include: 

• Does diabetes-focused care and reduction in maternal
hyperglycemia during the immediate postpartum period
reduce the risk of postpartum complications and costs, in
cluding hypertension, infections, and emergency depart
ment/hospital admission rates?

• Does expert glycemic management in the immediate
postpartum period reduce episodes of severe maternal
hypoglycemia and improve lactation rates and
duration?

• In individuals with overweight/obesity, does early obesity
intervention in the postpartum period reduce body mass
index and cardiovascular risk factors?

• Does the inclusion of diabetes-focused care in the post
partum period increase rates of PCC and contraceptive
use, reduce unplanned pregnancies and rates of congenital
malformation, and improve HbA1c level at 1 year and
glucometrics?

• Does screening and interventions for diabetes distress re
duce the risk of postpartum depression?

Summary
Using an evidence-based approach, Diabetes in Pregnancy: An 
Endocrine Society Clinical Practice Guideline addresses im
portant clinical issues in the management of type 1 diabetes 
mellitus (T1DM) and type 2 diabetes mellitus (T2DM) pre
conceptionally, during pregnancy, and in the postpartum 
period.

The prevalence of preexisting diabetes mellitus (PDM) has 
grown exponentially in the last 2 decades, primarily due to a 
marked increase in the prevalence of T2DM. PDM carries 
increased risk for adverse maternal and neonatal outcomes, in
cluding preeclampsia, cesarean delivery, preterm delivery, 
macrosomia, and congenital defects. Preconception care 
(PCC) is very important to minimize the risk of congenital de
fects as well as to maintain good glycemia in the preconception 
phase and during pregnancy. PDM requires pregnancy- 
specific diabetes care to reduce negative outcomes. In the last 
few years, technology has progressed to address the unique 
challenges individuals face in managing diabetes in pregnancy. 
Continuous glucose monitoring (CGM) and insulin pump 
technology have shown benefit by simplifying glycemic moni
toring and insulin administration. Improvements in glycemia 
and perinatal outcomes have been reported with CGM use 
when compared with self-monitoring of blood glucose 
(SMBG). Hybrid closed-loop (HCL) pump systems combine 
CGM and insulin pump technologies with increasingly sophis
ticated algorithms. As technology becomes more integrated 
into the routine management of diabetes in pregnancy, practi
tioners need to provide individualized device selection, coun
seling, education and self-management support to ensure 
patient autonomy and safety. Optimization of glycemia, cor
rect dietary advice, safe medication regimens, and careful at
tention to comorbid conditions can help mitigate these risks 
and ensure quality diabetes care before, during, and after 
pregnancy.

Research and investment in implementation and delivery 
of PCC are crucial to prevent significant mortality and 
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morbidity now. Randomized controlled trials (RCTs) to 
further define glycemic targets in pregnancy and refine
ment of emerging technology to achieve those targets can 
lead to significant reduction of harm and in the burden of 
diabetes care. Data on optimal nutrition and obesity man
agement in pregnancy are lacking, so clinical studies in this 
context are necessary.
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