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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 | @00O0). 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 | @®0O0). 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 HoA1c 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 | @000). 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 | @000). 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.

Inindividuals with PDM, we suggest either a carbohydrate-restricted diet (<175 g/day) or usual diet (>175 g/day) during pregnancy (2 | 000).
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 | @000). 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 TIDM 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 | @O0O0). 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 TIDM 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 | @000). This was suggested
based on a meta-analysis of RCTs which demonstrated improvement in glucometrics with increased time in range (MD +3.81%; Cl —4.24 to
11.86) and reduced time below range (MD —0.88%; 95% CI: —2.04 to 0.27) with the use of hybrid closed-loop pump technology.

Inindividuals with PDM, we suggest early delivery based on risk assessment rather than expectant management (2 | @00O0). 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 | @00O0). 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.

Key Words: 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; I0M, Institute of Medicine; 1UD,
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 di- ~ and the Middle East (1). PDM significantly increases the risk
agnosed prior to the current pregnancy. The prevalence of  of adverse pregnancy outcomes, as shown in Tables 1 and 2.

PDM has doubled in the last 20 years and now complicates Specialized diabetes care throughout all stages of the repro-
about 1% of pregnancies worldwide, ranging from 0.5% in ductive cycle is needed to improve pregnancy outcomes (Fig. 1).
Europe, to 2% in the United States, and up to 2.4% in Africa Preconception care (PCC) is widely recommended to optimize
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Table 1. Rates of pregnancy complications in preexisting diabetes in a United States cohort, 2004-2011

Adverse event No diabetes Type 1 diabetes Type 2 diabetes
N=773751 N-=1125 N=10136

Miscarriage, % 19.7% 17.9% 25.2%"°

RR [95% CI] 0.91 [0.80-1.67] 1.28 [1.24-1.32]

Any congenital malformation, % 13.4% 18.5%" 19.0%"

RR [95% CI] 1.38 [1.15, 1.67] 1.42 [1.33, 1.51]

Any congenital heart defect, % 3.2% 8.9%" 6.9%"

RR [95% CI] 2.80 [2.10, 3.73] 2.16 [1.92, 2.41

Intrauterine fetal demise, % 0.3% 0.4% 0.8%"

RR [95% CT] 1.47[0.55, 3.92] 2.5 [1.94, 3.26]

Hypertensive disorders of pregnancy, % 28.2% 47 4% 55.4%

RR [95% CI] 1.68 [1.56, 1.81] 1.97 [1.92, 2.01]

Macrosomia, % 4.6% 11.0%" 6.6%"

RR [95% CI] 2.38[1.85, 3.07] 1.43 [1.27,1.61]

Cesarean delivery, % 27.4% 52.5%" 48.5%

RR [95% CI]

1.92 [1.79, 1.82]

1.37[1.35, 1.38]

Abbreviation: RR, risk ratio.

“Indicates statistical significance compared to no diabetes. (Modified from Jovanovi¢ 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 Type 2 diabetes P value
N =8690 N =8685

Congenital malformation 4.5% 4.0% 17

Stillbirth 1% 1.3% .072

LGA 52.5% 26.2% <.0001

SGA 5.4% 14.1% <.0001¢

Abbreviations: LGA, large for gestational age; SGA, small for gestational age.

“Indicates 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)).
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Figure 1. Clinical questions addressed at different stages of reproductive life for individuals with pre-existing diabetes.

glycemia, address treatment for obesity, manage the increasing
complexity of new therapeutics and technologies, and screen
for and treat diabetes complications as well as ensure initiation
of folic acid supplementation (4). Despite strong evidence that

PCC, focused on achieving glycemic targets before conception, re-
duces the risk of miscarriage, congenital malformations, and oth-
er adverse outcomes, the large gaps in education, access, and care
result in missed opportunities (5). Improvements in glycemia
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during the prenatal period improve outcomes, but, even with ex-
pert care, both glycemia and outcomes remain suboptimal
(6). Supporting a healthy lifestyle, including nutrition, exer-
cise, sleep, and mental health is important throughout
the reproductive lifecycle of individuals with PDM (7, 8).
Nutrition during pregnancy is especially important, as ma-
ternal nutrition has been shown to impact offspring health
for generations through epigenetic changes (9).

With the rapid advancement of new diabetes technology
promising improvement in glycemia to near-normal levels
during pregnancy, there is an urgent need to optimize the
use of these new technologies in this particularly at-risk
population. Delivery is an especially critical point for both
mothers and offspring. Understanding how to reduce mater-
nal and neonatal risks during this vulnerable time is essen-
tial. The postpartum period is often when those with PDM
need the most support. Their recovery is more likely to be
complicated by surgical complications, postpartum hyper-
tension, and increased glycemic variability, in addition to
the physical and emotional demands of breastfeeding and
neonatal care. Glycemic management during this time is es-
sential for maintaining maternal health, reducing maternal
hypoglycemia, supporting breastfeeding, and optimizing
this new potential preconception period.

List of Recommendations

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

Recommendation 1

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 should also be ad-
dressed at urgent care/emergency room visits when
clinically appropriate (2 | §000).

Technical remarks

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

e A critical component of preconception care (PCC)

is optimization of glycemia to reduce adverse

pregnancy outcomes, including congenital mal-

formations. The Guideline Development Panel

suggests that for screening for pregnancy intent

to be effective, 3 actions are required:

o Provision of basic counseling about the benefits
of PCC

o Evaluation of contraception needs and/or family
planning referral

o 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 | 900).

Technical remark

e Clinician counseling about contraception should
be noncoercive and patient centered. Shared deci-
sion making should prioritize an individual’s auton-
omy 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 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, we suggest dis-
continuation of glucagon-like peptide-1 receptor
agonist (GLP-1RA) before conception rather than dis-
continuation between the start of pregnancy and the
end of the first trimester (2 | @000).

Technical remarks

e Sudden discontinuation of GLP-1RA may cause
hyperglycemia and weight gain, which increases
the risk for congenital malformations and spontan-
eous abortion. Timely transition and titration of alter-
native antihyperglycemic agents after discontinuing
GLP-1RAs is necessary to minimize hyperglycemia.

e The timing of discontinuation priorto 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.

e 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 | §000).
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Question 5. Should a carbobydrate-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
pregnancy (2 | #000).

Technical remarks

® There is no clear evidence on the optimal amount
of carbohydrate intake during pregnancy; how-
ever, lower and higher extremes are harmful
based on indirect 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 moni-
tor (CGM) or self-monitoring of blood glucose
(SMBG) (2 | #000).

Technical remarks

e 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.

e |deal 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) us-
ing 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 glu-
cose targets of fasting <95 mg/dL (5.3 mmol/L), 1-hour
postprandial <140 mg/dL (7.8 mmol/L), and 2-hour post-
prandial <120 mg/dL (6.7 mmol/L) (2 | 000).

Technical remark

e 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 glu-
cose target of 63-140 mg/dL.

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

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

e 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
monitor) vs insulin pump with continuous glucose
monitor (without an algorithm) or multiple daily insu-
lin injections with continuous glucose monitor be used
in individuals with type 1 diabetes mellitus who are
pregnants

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 aninsulin pump with CGM (without an algorithm)
or multiple daily insulin injections with CGM (2 |
@000).

Technical remark

e 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 deci-
sion to use HCL technology—and which specific sys-
tem to choose—should be made by the patient in
collaboration with a clinician experienced in both dia-
betes management during pregnancy and diabetes
technology.

Question 9. Should early delivery based on risk assessment
vs expectant management be used in individuals with pre-
existing diabetes mellitus?
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Recommendation 9

In individuals with preexisting diabetes mellitus
(PDM), we suggest early delivery based on risk as-
sessment rather than expectant management (2 |
®000).

Technical remarks

e 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
management beyond 38 weeks gestation, even
among those with ideal glycemic management.

Question 10. In postpartum individuals with preexisting
diabetes mellitus (including those with pregnancy loss
or termination), should postpartum endocrine care (com-
prebensive 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 man-
agement), in addition to usual obstetric care (2 |
6©000).

Technical remark

¢ In addition to routine obstetric care, immediate
postpartum care for individuals with PDM should
prioritize glycemic management to support heal-
ing, promote lactation, and facilitate the transi-
tion to interpregnancy 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 endo-
crinology, as well as nurses, dietitians, and certi-
fied diabetes 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 sev-
eral 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-
tions (12, 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 following specialties: adult endocrinology, general internal
medicine, 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
vetted according to the ES conflict-of-interest policy

Table 3. GRADE certainty of evidence classifications

Certainty of Interpretation

evidence

High There is high confidence that the true value of the estimate of

DDOD interest is on one side of a threshold of interest or within a
specific range.

Moderate There is moderately confidence that the true value of the

131010 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 There is low confidence that the true value of the estimate of

dp0O0 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 There is very-low confidence that the true value of the

dO000 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 Schiinemann, eds. 7he GRADE
Book (Version 1.0). The GRADE Working Group; 2024 (10).
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Table 4. GRADE strength of recommendation classifications and interpretation

Strength of Criteria Interpretation by individuals Interpretation by health care Interpretation by policy makers
recommendation clinicians
1: Strong Desirable consequences Most individuals in this Most individuals should follow the The recommendation can be
recommendation CLEARLY situation would want the recommended course of action. adopted as policy in most
for or against OUTWEIGH the recommended course of Formal decision aids are not likely ~ situations.

undesirable consequences
in most settings (or vice
versa).

2: Conditional
recommendation
for or against”

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

and preferences.

action, and only a small
proportion would not.

The majority of individuals in ~ Clinicians should recognize that
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

to be needed to help individual Adherence to this

individuals make decisions recommendation according to

consistent with their values and  the guideline could be used as a

preferences. quality criterion or performance
indicator.

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

Performance measures should
assess whether decision making
is appropriate.

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.

Reprinted from Schunemann HJ et al. Blood Adv. 2018;2(22):3198-3225. © The American Society of Hematology, published by Elsevier (11).
“In 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.

(Endocrine Society 2019), which was followed throughout the
guideline process to manage and mitigate conflicts of interest.
Detailed disclosures of GDP members and the management strat-
egies implemented during the development process can be
found in Appendix A. Overall, 36% of panel members re-
ported potentially relevant conflict of interest. In addition,
the group included 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
methodology and moderated the application of the EtD
framework and development of the recommendations.

To lead each guideline question, 2 to 3 GDP members were
assigned. 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 pro-
files that summarized the body of evidence for each question
and the certainty of that evidence (15). 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’ val-
ues and preferences, costs and resources required, cost-
effectiveness, feasibility, acceptability, and the potential impact
on health equity. Evidence from randomized controlled trials
(RCTs) was prioritized for the systematic reviews. In the ab-
sence of primary RCTs, the GDP considered evidence from
comparative observational studies and indirect evidence from
alternative populations or interventions deemed to be clinically
comparable. Evidence from RCTs supports 3 of the recommen-
dations (Recommendations 4, 6, and 8), while the rest are based
on observational data or indirect evidence from acceptable alter-
native populations and interventions, which limits the certainty
of the supporting evidence (16). For example, drawing conclu-
sions from studies performed in nonpregnant populations is
suboptimal, as it ignores both the unique physiology of preg-
nancy and the impact of an intervention on the fetus. Results

from studies in individuals with gestational diabetes mellitus
(GDM) may not be generalizable to those with PDM.
Similarly, distinctions must be drawn for individuals with type
1 diabetes mellitus (T1IDM) and type 2 diabetes mellitus
(T2DM) in pregnancy. For 2 recommendations, the panel con-
sidered both of the evaluated alternatives to be acceptable with-
out 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 criteria (17).

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 consistency (18). 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 recommendation
(17-19) (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.
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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 index (20). For outcomes such as congenital malforma-
tions (21) or miscarriage (22), the exposure period begins
weeks before the pregnancy is recognized. The World
Health Organization (WHO) defines preconception care
(PCC) as “a set of interventions that are to be provided before
pregnancy, 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 prevention and management” (24). As pregnancies
are often unplanned (25), PCC, including a focus on optimiz-
ing maternal glycemia, is necessary to improve maternal and
fetal/neonatal outcomes (4, 5, 26). Therefore, understanding
the effect of screening 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
Health (27). This initiative proposes that primary care clini-
cians ask individuals “Would you like to become pregnant in
the next year?”. For those who answer “yes,” the clinician of-
fers preconception counseling and screenings to ensure that
modifiable risk factors are addressed before pregnancy. For
those who answer “no,” the clinician provides counseling on
the full range of contraceptive options to ensure that the
method they use is optimal for their circumstances. This ap-
proach is endorsed by the American College of Obstetricians
and Gynecologists and the American Society for
Reproductive Medicine (28).

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

Recommendation 1

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 | #000).

Technical remarks

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

e A critical component of preconception care (PCC)
is optimization of glycemia to reduce adverse

pregnancy outcomes, including congenital mal-

formations. The Guideline Development Panel

(GDP) suggests that for screening for pregnancy

intent to be effective, 3 actions are required:

o Provision of basic counseling about the benefits
of PCC

o Evaluation of contraception needs and/or family
planning referral

o Referral for PCC to achieve goals of therapy.

e 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/IPAEgaVAt10.

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 HbAl1c 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 studies; 5903 participants) (3).

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 (7 =27) received only
standard intake information. Data were abstracted for 5371
visits from 2304 individuals. Screening in the intervention
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group increased documentation of contraceptive use from a
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 interven-
tion group compared with a decrease from 29% to 26% in the
control group (P < .001) However, the intervention had minimal
impact on documented provision of family planning services
(29).

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 al (5). There was very low certainty about the ef-
fect of PCC on maternal hypoglycemia during the first trimes-
ter (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 hetero-
geneity (I°=76%) in the included studies (5). 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 TIDM express concerns about the effect of high
glucose on the health of their infant (30). 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)
admission, and long-term costs related to congenital malfor-
mations resulted in cost savings of $1.86 for every dollar spent
(31). An Irish study in 2016 demonstrated that attendees of a
PCC clinic had adjusted difference in complication costs
€2578.00 lower than usual antenatal care (32). A systematic
review 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 outcomes (33). A study that modeled the im-
pact of PCC resulted in large societal and health care cost sav-
ings (34). Estimating that 2.2% of US births are to individuals
with known PDM, universal PCC might avert 8397 (90% pre-
diction 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 indi-
viduals with diabetes. It should be noted that the burden of un-
intended pregnancy is higher in minoritized populations (35).
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 counseling (36).
The intervention could have a positive impact on health equity
if implemented with appropriate attention to addressing inter-
personal and structural barriers, including local policies that re-
strict 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 studies
(37). Another systematic review identified 53 US-based studies
using 22 screening tools and standardized approaches to pre-
conception, interconception, and reproductive health, evalu-
ating a variety of outcomes (38). Five studies included
adolescents with either TIDM or T2DM. Adolescent partici-
pants 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 pregnancy (4, 38, 39). It is important to
note that none of these studies were conducted in the context
of local policies that eliminate access to termination of preg-
nancy, 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 implementation (32, 40-44).
A quality improvement intervention at a single US academic
outpatient endocrinology practice was initiated to improve
rates of PCC and contraception prescribing by endocrinologists
to individuals with diabetes. The intervention included distri-
bution of electronic education reminders about diabetes in
pregnancy and contraceptive options to clinicians as well as
teaching materials for individuals and simplified note templates
for documentation. After the intervention, contraception dis-
cussion at the visit increased from 4% to 18% (P =.03), while
the increases in contraception prescription (from 0% to 2%)
and PCC (from 0% to 6%) were not significant (40).

Justification for the Recommendation

Given the high prevalence of maternal and fetal complications
in individuals with PDM and indirect evidence of large bene-
ficial effects on the risk for congenital malformations and
moderate benefit for first-trimester HbAlc reduction with
PCC, the GDP judged that screening individuals with diabetes
for pregnancy intention is likely of benefit if it leads to in-
creased uptake of PCC.
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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
and colleagues (45). This framework includes a series of fac-
tors that need to be considered to support screening:

e Importance: The condition is an important health prob-
lem in terms of prevalence and/or consequences.

o The GDP noted that lack of pregnancy planning has
been linked to important health problems in individuals
with PDM.

e Natural history: The condition for which screening is
being performed has a well-understood natural history
that includes a latent (preclinical) phase.

o The GDP agreed that the adverse effects of lack of preg-
nancy planning might manifest only after a latency pe-
riod and that early intervention could improve these
outcomes.

e Difference in management and treatment availability:
Those with positive screening test results would be man-
aged differently from those with negative screening test
results.

o The GDP agreed that the management will differ for in-
dividuals who screen positive (ie, pregnancy intention)
vs negative and that resources and management strat-
egies exist (PCC) and contraception, respectively for
both groups.

e 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).

o 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.

e Available treatment: Effective management is available
that improves patient-important outcomes when imple-
mented in the latent (preclinical) phase.

o PCC is available, and the identified systematic reviews
showcase positive effects in the outcomes of interest.

e 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.).

o 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.

e Other considerations: The screening strategy should be
cost-effective, acceptable to relevant stakeholders, and
feasible to implement.

o The provision of PCC to individuals with diabetes ap-
peared to be cost-effective and acceptable to individuals
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 TIDM 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 sex (46), 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 risks (47). As is true
for all individuals, contraceptive counseling for adolescents
should be devoid of coercion, involve shared decision making,
and respect individual autonomy. Access to contraception for
adolescents 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 T1IDM (48), as well as increased risk for
certain adverse outcomes (2, 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:

e 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) HbAlc at first prenatal visit,
and 5) congenital malformations.

e 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 re-
duces unplanned pregnancies and congenital malforma-
tions as well as decreases HbA 1¢ at the first prenatal visit.

e 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.

e Addressing the knowledge gap of endocrinologists and
primary care clinicians regarding safe and effective contra-
ceptive 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 fetus (35, 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 population (49), factors potentially affecting contraception
effectiveness such as obesity (50, 51) and treatments for diabetes
or obesity such as glucagon-like peptide-1 receptor agonists
(GLP-1RAs) or malabsorptive bariatric surgery (51, 52). Also,
both GLP-1RAs and bariatric surgery can increase fertility
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through weight loss (53). Additionally, there are safety concerns
specific to this population which likely contribute to health care
practitioners’ feeling of unease in prescribing contraception and
which, in turn, may help explain the low use of contraception
among women with diabetes (54). 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 | @900).

Technical remarks

e Clinician counseling about contraception should
be noncoercive and patient centered. Shared deci-
sion making should prioritize an individual’s auton-
omy 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-7fy370Q.

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

e Congenital malformations

e Miscarriages or terminations

The GDP put weight on indirect evidence in the general
population, which suggested large effects of contraception in
reducing  unplanned  pregnancies and terminations.
Additionally, in women with diabetes, indirect evidence high-
lighted the role of PCC including contraception in improving
first-trimester HbAlc and preventing congenital malforma-
tions. This judgment was supported by the plausibility of the as-
sociations, despite 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 un-
planned pregnancies and terminations (55-59). Using teen
pregnancies as a surrogate of unplanned pregnancies, in the

period from 2008 to 2013, the mean annual rates of unplanned
pregnancies 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 thousand in CHOICE participants, 13.4 to 17.0 per
thousand regional 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 outcomes (58). This was especially true for adolescents
and women younger than age 21 years who had significantly
higher discontinuation rates of short-acting reversible contracep-
tion (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 experience an unintended pregnancy (hazard rate 1.9;
95% CI: 1.2-2.8), while this was not the case in LARC users (60).
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 contra-
ception 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 con-
traceptives (COCs), and with limited evidence, progestin-only
contraceptives, have minimal impact on glycemic regulation
and lipid profile and, by allowing time to optimize diabetes man-
agement before pregnancy, contraception is expected to contrib-
ute to improved HbAlc levels at the first prenatal consultation
(51, 63). A lower rate of congenital malformations and miscar-
riages due to a reduction in periconceptional 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: HbAlc in the first trimester and congenital malfor-
mations, as previously described (3, 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 Organization (66), United Kingdom
(67), and United States (US MEC, published in 2024). As the
US MEC is the most recent, it has been used as the primary ref-
erence 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
complications (50, 51). IUDs, progestin-only pills, and im-
plants fall under categories US MEC 1 (no restriction of use)
or US MEC 2 (may require closer monitoring). The MEC 2 clas-
sification for progestin-only contraceptives in this population is
due to an increased risk of thrombosis, although the risk is sub-
stantially lower than for COCs. For women with diabetes and
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complications, depot medroxyprogesterone acetate (DMPA) falls
under US MEC 3 (risks may outweigh the benefits), a higher cat-
egory than for other progestin-only methods due to concerns
about DMPA’s 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 complications; US MEC 3 for women with non-severe
complications; and US MEC 4 (unacceptable health risk) for
women with established vascular disease, nephropathy, retinop-
athy; or long duration of the disease, due to the estimated additive
risk of thrombosis from both factors (51).

The risk of any thromboembolism, either venous or arterial,
in women with type 1 diabetes (T1IDM) or type 2 diabetes
(T2DM) was assessed in a US report using data from contracep-
tion claims (68). 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
events (69). The risk of pregnancy-related VTE should be added
to the overall risk of severe maternal morbidity in women with
PDM (70). Risk of thrombosis was also increased in users of
transdermal patches and in women using progestin-only contra-
ceptives (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 subgroups (71).

Regarding obesity, the aforementioned US MEC do not
identify obesity itself as a contraindication for any contracep-
tive method (51), while it should be recognized that obesity
alone is a leading cause of adverse pregnancy outcomes ac-
cording to the American College of Obstetricians and
Gynecologists (ACOG) (72). Considerations include reports
linking injectable DMPA with weight gain in adolescent girls
with obesity (73, 74). Weight gain at 36 months can be par-
ticularly 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 additive effects with high body
mass index (BMI). The relative risk for COC users with obes-
ity has consistently been estimated to be 5 to 8 times that of
nonusers with obesity, with limited information for women
with BMI above 35 kg/m?. However, none of the individual
risk factors for VTE in COC users, including high BMI, in-
creases the risk more than pregnancy (75): the absolute VTE
risk in healthy women of reproductive age is described as small
(51) but the crude risk for VTE according to BMI and COC use
is not usually given in the literature because studies either use a
case-control design or report relative values (76). In a retro-
spective 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 use (77). However, these
risks can be considered an overestimation due to the higher
risk of VTE associated with surgical intervention. In compari-
son, 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, respectively (69). These
risks of VTE should be added to the increased risk of severe
maternal morbidity associated with obesity in pregnancy
(78). As to contraceptive patch or ring use, comparative studies
on the risk for VTE by weight or BMI were not identified (51).
The few studies that have addressed acute myocardial infarc-
tion or stroke among women with obesity who use COCs
have not identified an increased risk (51).

Additional considerations may apply if other risk factors
such as hypertension coexist (50, 51). Specifically, if multiple
risk factors exist, risk for cardiovascular disease might in-
crease substantially (51).

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 infants (79, 80) and, al-
though they do not specifically refer to HbAlc, they are also
concerned about their blood glucose and describe miscarriage
as a devastating experience (81). As to PCC, women with dia-
betes have acknowledged its importance and potential benefits
in various studies (48, 82). In the general population, informa-
tion on women’s perceptions on unintended pregnancies is
scarce, but they are described as negative in reports from dif-
ferent countries (83, 84). Similarly, feelings about termina-
tions are frequently described as intense and negative (85).
Based on data from the general population, the GDP consid-
ered that moderate costs would be required for implementation,
with moderate certainty of the evidence. Costs would include
expenses related to contraceptive methods, health care clinician
training, and initiatives to raise awareness among women (54).
Methods to achieve contraception are usually not expensive
(86); nevertheless, cost remains as a key barrier to access, influ-
encing both the methods chosen and user adherence (87). 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 copay-
ment (88). This is in contrast with the CHOICE project that pro-
vided 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 contraceptive methods, in-
cluding 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
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evidence from women with diabetes, in which PCC interven-
tions that include contraception as a component have been re-
ported to be highly cost-beneficial (32). Second, the GDP
weighed that different contraception strategies have proven to
be cost-effective in preventing unintended pregnancies and
abortions in women without diabetes across different scenarios
(31, 57, 90). The high costs associated with preterm deliveries,
birth defects, and perinatal deaths in women with PDM have al-
ready been mentioned (34); 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
behavior (49, 91) If improved contraception uptake would fa-
vor 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 coun-
tries, Ross et al observed that improving access for all to af-
fordable contraception improved equity across wealth
groups (91). Similarly, after elimination of cost sharing for
contraception in US women, the lowest-income group had
the greatest reduction in births due to unintended pregnancies
(92). In addition, the availability of a low-cost
over-the-counter (OTC) birth control pill may promote
equity in contraception access (93) by favoring disadvantaged
groups (94). Thus, OTC COC availability improves access
for racial and ethnic minorities (95) as well as for adolescents
(96), 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 contracep-
tion in women with diabetes could vary depending on the lo-
cal 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 effects (97).
Potential factors influencing contraception use include reli-
gious beliefs, opinions of significant others and other family
members, and desired family size (49, 54). In an integrative re-
view of 19 qualitative studies, women favored methods with
natural preservation of menstruation and used negative lan-
guage 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 insertion and removal. Power dynamics with partners also
influenced 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 provider (98). Among adolescents
and young women, privacy, autonomy, and safety of the
contraceptive method were identified as the key issues in a

systematic review including 9693 subjects from the general
population (99).

The implementation of the intervention was judged as likely
feasible but with some challenges. In recent reports, preg-
nancy planning is described as feasible by some women and
as unrealistic by others (100), and it has already been men-
tioned that clinicians feel unease with contraception prescrip-
tion in this population (39). Similarly, a systematic review and
meta-analysis of interventions aimed at improving post-
partum contraception use in the general population reported
limited success (101). Additionally, there was no difference
in repeat pregnancies or induced abortions during the year fol-
lowing 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 contraception (92), the availability of OTC
COCs (94) and the expanded prescribing by pharmacists
will likely improve the feasibility of the intervention in the
United States (102, 103). A recent quality initiative to provide
PCC for women with TIDM and T2DM observed no differ-
ence in contraception prescription despite contraception being
discussed more often during the visit. Most (80%) of health
care clinicians identified inadequate time during visits as the
main reason for not providing this care (40).

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 as-
sociation 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 preg-
nant, there are 3 important subgroups to consider: (i) adoles-
cent girls/lyoung women; (ii) women with T2DM, as
previously discussed; and (iii) women with diabetes and obes-
ity. Women with diabetes and accompanying obesity require
special consideration, due to the high prevalence of the associ-
ation and the potential impact of obesity on effectiveness and
undesirable 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 expertise (36, 104).

Research Considerations

Among individuals with diabetes who could become preg-
nant, and considering specific subgroups such as adolescents,
women with obesity, women with T2DM, and minorities, the
following studies are suggested:
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e Evaluating the provision and uptake of contraception
counseling, alongside failure rates and safety aspects to
monitor real-world status of this matter

e 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, con-
genital malformations, HbA1c at the time of the first pre-
natal 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 regimens (4, 105).
GLP-1RAs are also being used for weight management before
conception and improved fertility in individuals with polycys-
tic 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
routine use of all GLP-1RAs during pregnancy. Before discon-
tinuation, it is also recommended to evaluate the risks and
benefits, incorporating the implications of hyperglycemia dur-
ing pregnancy (108-110). The risk of fetal exposure on discon-
tinuation likely differs significantly among GLP-1RAs due to
differences in structure, pharmacokinetics, and potency.
Tirzepatide is a dual GLP-1RA and glucose-dependent insuli-
notropic polypeptide (GIP) agonist and so it must be evaluated
for risk independently from GLP-1RAs.

Discontinuing GLP-1RAs has also been associated with re-
bound weight gain in nonpregnant adults (111, 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
not (113). Another concern is the development of hyperglycemia
without appropriate glycemic management and risk of teratogen-
icity if this occurs during the first trimester (114). 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 receptor agonist (GLP-1RA) before concep-
tion rather than discontinuation between the start of
pregnancy and the end of the first trimester (2 |
@000).

Technical remarks

e Sudden discontinuation of GLP-1RA may cause
hyperglycemia and weight gain, which increases
the risk for congenital malformations and spontan-
eous abortion. Timely transition and titration of alter-
native antihyperglycemic agents after discontinuing
GLP-1RAs is necessary to minimize hyperglycemia.

e 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.

e 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 identified (115) provided in-
direct evidence comparing exposure to GLP-1RA vs insulin
alone based on prescription fill history. The study popula-
tion was limited to those with live births, and a minority
had preexisting T2DM. The primary outcome was to com-
pare 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 anomalies between groups. The
rate of major congenital malformations 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 re-
garding glycemia in study participants, unclear data as to
whether the GLP-1RA was discontinued before or after or-
ganogenesis (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 ani-
mal offspring found an association with reduced fetal weight
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and/or growth and delayed ossification and skeletal variants
(116), typically associated with marked maternal weight
loss. Although GLP-1 receptors are expressed in the human
placenta (117), available data show minimal placental trans-
fer 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 term (116). 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 study (118) providing indir-
ect evidence evaluated exposure of GLP-1RAs for obesity
and T2DM in early pregnancy (27.4% of the study popula-
tion) and reported no difference in congenital anomalies,
spontaneous abortions, or increased numbers of LGA or
SGA neonates compared with reference groups with T2DM
and obesity without GLP-1RA exposure. There was no infor-
mation 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 period (119) and (106). The GLP-1RA groups generally
had either 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 pyelectasis
(120); another reported atrial septal defect (121). Other case
reports (122-126) did not report congenital anomalies. Two
case reports described increased GWG when longer-acting
GLP-1RAs were stopped in pregnancy (122, 125) while others
did not report on GWG. Of the case reports that reported fetal
weight, 2 showed increased fetal weight (122,123, 125), while
one did not (122).

In summary, there is no direct evidence comparing the inter-
vention to the control. All the reviewed studies addressing
whether GLP-1R As 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 trials (106, 119). The case re-
ports were not consistent on effects of GLP-1RAs on GWG or
altered 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 harm (127); 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 treatment
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 out-
comes 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
likely acceptable by individuals if evidence shows this would
minimize fetal harm (127). However, there is a lack of sup-
porting 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 tar-
gets. Additionally, acceptability and feasibility may be less if
more complex regimens 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 educa-
tion 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 preexist-
ing T2DM. The only comparative study identified (115) was
indirect evidence restricted to pregnancies resulting from live
births and exposure to GLP-1RAs based on filled prescription
history. 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 placenta (117);
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 continue
in the first trimester and throughout pregnancy. GLP-1RA use
is not recommended during pregnancy; however, 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 re-
sources required and acceptability to discontinue GLP-1RAs
while minimizing hyperglycemia before pregnancy vary de-
pending on maternal characteristics and access to care.
Although the GDP acknowledged challenges to stopping
GLP-1RAs before pregnancys, it is possible with use of effect-
ive contraception during the period when pregnancy is not de-
sired and adequate preconception planning. A major
consideration 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 gly-
cemia before organogenesis rather than risk unknown conse-
quences of GLP-1RA exposure and hyperglycemia in the
transitionary period if stopped as soon as pregnancy is sus-
pected. 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 individual may desire pregnancy soon after stop-
ping GLP-1RAs, achieving and sustaining optimal glycemia
and nutrition before conception not only will decrease the
risk of congenital anomalies but may help with healthy
GWG in pregnancy. Priority should be placed on ensuring ef-
fective contraception or adequate preconception planning to
effectively stop GLP-1RAs before pregnancy, since their ef-
fects 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 activity (128).

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 man-
agement is in place or discontinuation occurs in the absence
of active pregnancy plans. Effective coordination of care in
both the preconception period and early pregnancy is needed
with discontinuation of GLP-1RAs, and glucose should be im-
mediately 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 unintended (129).
Women of childbearing age on GLP-1RAs who are not plan-
ning pregnancy, 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 contraceptives (52).

Requirements to improve implementation of the recom-
mendation include effective education of clinicians, diligent
counseling and surveillance of individuals of childbearing
age, and access to PCC.

Research Considerations

The increasing use of GLP-1RAs in T2DM empbhasizes 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:

e 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)

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

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

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

stopping

Addition of Metformin for Patients on Insulin

Background

Although a number of evidence-based guidelines recommend
insulin as the preferred antidiabetic medication in pregnancy
(4, 130), rates of metformin use in pregnancies complicated by
type 2 diabetes mellitus (T2DM) have been steadily increasing
(131). Metformin may improve hepatic insulin resistance, de-
crease insulin requirements, reduce gestational weight gain
(GWG), and decrease the risk of infants born large for gestation-
al age (LGA). Results of systematic reviews in individuals with
gestational diabetes mellitus (GDM) comparing metformin to
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insulin have been mixed, with some showing a lower risk of
LGA, preeclampsia, neonatal hypoglycemia, and less GWG,
while others do not (132, 133). Metformin in GDM also tends
to be more acceptable for individuals and clinicians as an alterna-
tive to insulin due to its low cost, oral route, ease of administra-
tion, and low risk for hypoglycemia. However, individuals with
T2DM in pregnancy have more severe insulin deficiency and
more severe insulin resistance and typically require insulin to
achieve optimal glycemia, so metformin is not a substitute for in-
sulin in T2DM as it can be in GDM (134). Concerns for metfor-
min use in pregnancy are primarily due to the risk of fetal growth
restriction in some individuals and long-term fetal programming
potential for childhood obesity, with increased fat mass reported
in some childhood cohorts but not others (135-139). Unlike
insulin, metformin has been found to exhibit marked
maternal-to-fetal transfer, achieving fetal levels at least as high
as maternal levels due to high expression of OCT3 cation trans-
porters in the placenta in the second and third trimesters (140).
Metformin is concentrated in both fetal and placental mitochon-
dria 1000-fold. Metformin has pleiotropic effects, including acti-
vating AMP kinase (AMPK) and inhibiting mitochondrial
complex 1 respiration, and has antiproliferative and nutrient
restriction properties through AMPK and decreased mTOR
(134, 141, 142). Notably, it crosses the placenta poorly in the
first trimester and does not increase the risk of major malforma-
tions (134, 143). Pathophysiologic studies providing plausible
mechanistic data as to how the properties of metformin might re-
sult 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 levels in hu-
mans resulted in decreased fetal weight and skeletal muscle
mass and bioaccumulated in the fetal kidney and liver (141).
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 | @000).

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/PvDSbujp9rM.

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 T2DM (144, 145). The 5 important patient
outcomes 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; »=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 met-
formin decreased primary cesarean deliveries. Although a de-
crease 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 be (141), 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 environment (146).

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 trimester
(147). It found no differences in the adjusted relative risk of peri-
natal outcomes including LGA, preeclampsia, and NICU admis-
sions. 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 residual
confounders affecting those who continued metformin vs those
who did not may account for these inconsistent results (147).

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 months (148). It found no difference in
the BMI Z score at 24 months but an increase in the growth tra-
jectory 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 risk (146).

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
PCOS (137, 139). In the MiG TOFU follow-up of the offspring
in the MiG RCT (139), the Auckland cohort but not the
Adelaide cohort demonstrated increased weight at ages 7 to 9
years. An increase in children overweight at 5 to 10 years was
also seen in the PedMet study. No increase in overweight/obes-
ity was demonstrated in a third study that followed two cohorts
in Finland whose mothers were randomized to metformin vs in-
sulin for GDM (138). A recent meta-analysis of the Rowan and
Paavilainen RCTs (138, 139, 149) concluded no difference in
offspring weight at 9 years but excluded the PedMet RCT of
pregnancies complicated by PCOS (137).

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 trimester (141). The fetal monkeys demon-
strated growth restriction primarily in skeletal muscle and ex-
hibited renal dysmorphology (141). 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 effects (150).

Other Evidence to Decision Criteria and
Considerations

The most common fear in individuals using medication during
pregnancy is fetal harm (127); 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 frequencys, 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 ef-
fects, and the associated costs are unclear (134, 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
medicines 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 placen-
tal tissues in the second and third trimesters as well as the un-
known 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
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harm to the offspring more heavily given that it is a major con-
cern for individuals and clinicians (127) 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
placental 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 years (137, 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 T2ZDM. 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, especial-
ly if cost savings are appreciable and patient preference is
strong, to minimize the frequency or dosing required of insulin
injections. 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 expos-
ure in pregnancy was most likely to result in SGA and should
be avoided were pregnant individuals with chronic hyperten-
sion and/or nephropathy who are at risk for fetal growth re-
striction (152). This group also has one of the highest risks
of preeclampsia. Given that metformin was not shown to de-
crease 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 already 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 added (153). Therefore, the
analysis focused on comparing those randomized to metfor-
min in which insulin was added (n = 90) compared to random-
ized to insulin alone (n=100). In this single RCT with a
limited sample 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 in-
crease in SGA in the metformin + insulin group (14.4%) vs in-
sulin 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 tri-
mester after organogenesis is completed to avoid sudden with-
drawal 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:

e 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.)

o Identifying the subgroups at the highest risk of fetal
growth restriction from metformin (eg, those with chronic
hypertension, nephropathy, a history of preeclampsia, ob-
structive sleep apnea [OSA], or evidence of microvascular
or macrovascular disease, which increase the risk of pla-
cental insufficiency)

e 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])

e 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 vis-
ceral fat measures; renal, vascular, and cardiac function;
indices of metabolic or mitochondrial dysfunction; and
neurocognitive outcomes, considering duration and inten-
sity of exposure

e 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

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq



2424 The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

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 diabetes (154, 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 bene-
fits on glycemia and adiposity and long-term benefits on dys-
lipidemia 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 development (160-162),
and some experts suggest an even higher recommended diet-
ary allowance (RDA) of 220 grams to account for the esti-
mated 35 grams of carbohydrate required by the placenta in
the third trimester (161).

It should be noted that the IOM RDA is an overestimation
of the true requirement, as 97.5% of the population requires
less (161), 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 diabetes (165, 166), as well
as in women with preexisting diabetes mellitus (PDM)
(130, 160, 167), these abnormalities are associated with acid-
osis only in extreme circumstances (168). 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 obesity (169), although calorie and
carbohydrate requirements are not constant throughout preg-
nancy and are likely to reach the highest level in the last trimes-
ter of pregnancy, with fetal and placental energy demands
(170). However, a weak correlation (r = 0.2-0.3) between in-
creased levels of maternal ketone bodies and the offspring’s
mental development at age 2 years have been described
(154, 171) and extreme carbohydrate 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 (most-
ly dieting) 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 intake (175).

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 grams (155, 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 recommendation (180).

The increasing proportion of nonpregnant and pregnant
women following carbohydrate-reduced diets and the theoret-
ical 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 carbobydrate-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 pregnancy (2 | #000).

Technical remarks

® There is no clear evidence on the optimal amount
of carbohydrate intake during pregnancy; how-
ever, lower and higher extremes are harmful
based on indirect 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 [HbAlc] > 6.5%)
after adjustment for maternal age, diabetes duration, and
BMI among women with T1IDM (155).

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 low-
carbohydrate diet (130-150 g/day) or usual care. While no
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significant difference in SGA and LGA and neonatal hypo-
glycemia were found, the study was not powered for these
outcomes. Potentially favorable effects were found on gly-
cemia, gestational weight gain, and blood pressure, al-
though 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 birth-
weight, newborn fat mass and fat-free mass, maternal
hypertension, cesarean delivery, percent fat mass, fat-free
mass, and maternal ketone levels), suggesting 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 in-
cluding 2 studies that found no harmful effect of the low-
carbohydrate diet (aiming for 40%-45% vs 55%-60% of
energy intake from carbohydrates) on different pregnancy
outcomes (LGA and SGA, glycemia, insulin requirement,
birthweight, cesarean deliveries, perinatal mortality, and
maternal hypertension) in GDM (184, 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 population (172-174). Furthermore, the popu-
lar high-fat, low-carbohydrate diet (<100 g) is nutritionally
inadequate and required vitamin and other micronutrient sup-
plementation according to a systematic review (186).

Altogether, indirect evidence coming from studies in wom-
en with obesity and GDM provided no evidence of any harm-
ful 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 requirement (181-185).

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 carbohydrates
(155). Given that maternal glycemia is the most important
predictor of pregnancy outcomes in PDM, any beneficial ef-
fect of carbohydrate restriction on glycemia could be of ut-
most importance (160, 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 outcomes (182-1835).

Research findings suggest that severe restriction of carbohy-
drate intake (<100 g/day) during pregnancy is associated with
adverse pregnancy outcomes (172-174, 186).

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
women (176). Therefore, the group judged that the cost of the
intervention is negligible. Limited indirect data demonstrated
variable acceptability and feasibility (7,181, 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 status (188). Furthermore, obese wom-
en highlighted that competing priorities could be a significant
barrier to following a low-carbohydrate diet that probably
would increase inequities among pregnant women (181).
Thus, equity could be a problem with the proposed interven-
tion, 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 pregnancy (181).

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
GDM (7). According to randomized trials among obese preg-
nant and GDM women, the carbohydrate reduction achieved
in the intervention group was limited and remained far below
the intended 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 carbohydrate (181, 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 differ-
ent patient characteristics, including socioeconomic status.

Justification for the Recommendation

The GDP did not identify any direct evidence evaluating the
effects 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 defini-
tions 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 neutral findings on LGA and SGA and neonatal
hypoglycemia as well as newborn fat mass and fat-free
mass. Data on other outcomes (glucose, weight gain, and
blood pressure) suggest some benefit of carbohydrate restric-
tion 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 in-
direct evidence from the general population of an increased
risk of NTDs among pregnant women in the lowest fifth per-
centile 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 seems clear
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that both the lower and upper extremes are harmful for both
mother and child. Moreover, pregnancy carbohydrate require-
ments may be impacted by such individualized factors as ma-
ternal size, gestational weight gain, pre-pregnancy BMI, type
of PDM, presence of coexisting health conditions, dietary pat-
terns and food choices prior to conception, changing nutrition-
al 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 PDM
(181). Furthermore, the type of diabetes may require the
modification of daily carbohydrate requirement when factor-
ing in differences in insulin resistance and insulin secretion.
Social factors (including socioeconomic status, level of educa-
tion, and health literacy) may affect access to high-quality
food sources and available carbohydrate sources (154, 188).
These factors 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, studies
performed in women with GDM suggest that adherence to low-
carbohydrate diets is generally poor, and targeted intake is rare-
ly achieved; even the level of adherence varies by individual
characteristics, including socioeconomic status and cultural be-
liefs (181, 182). Implementation should consider dietary pat-
terns depending on geographical region, social attitudes, and
migration status (154). Additionally, food choices and mater-
nal eating patterns are often influenced by food preferences of
the whole family, and high-quality food is often more expensive
than processed snack foods and fast food (189).

Research Considerations

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

e 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?

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

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

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

e 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 populations (190). Some

adverse pregnancy outcomes, including stillbirths, cesarean
deliveries, Infants large for gestational age (LGA), and neo-
natal intensive care unit (NICU) admissions, are higher in in-
dividuals with T2DM than in those with T1DM due to greater
prevalence of comorbidities, including obesity, hypertension,
renal disease, and obstructive sleep apnea. As a result, improv-
ing pregnancy outcomes in T2DM may require optimizing nu-
merous factors in addition to improving the degree of
glycemia and may require different targets for glycemia com-
pared with TIDM (20, 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 care (4), 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 targets (4, 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 moni-
tor (CGM) or self-monitoring of blood glucose
(SMBG) (2 | @000).

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 individuals with
preexisting T2DM.

¢ |deal glycemic ranges, CGM metrics, and % time in
range (TIR) for individuals for T2DM may be differ-
ent 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 § 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
T2DM (199-201). None of the identified studies enrolled
only individuals with T2DM, and 1 of the 3 studies did not
analyze individuals with T2DM separately (201). Moreover,
CGM was not used continuously in the trials that analyzed
T2DM separately, one using real-time CGM (rtCGM) tech-
nology for only limited periods and the other using blinded
CGM for only limited periods (200, 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 TIDM
or insulin-requiring gestational diabetes (GDM): the
Copenhagen RCT (202) and the GlucoMOMS RCT (200).
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 TIDM
and only 31 individuals with T2DM (16 with CGM and 15
controls), who were randomized to rtCGM for 6 days at 5 ges-
tational periods during pregnancy. The GlucoMOMS study
also included many more T1DM (n = 109) and GDM individ-
uals 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 com-
bining the T2DM individuals in these trials (n = 109) demon-
strated no difference in LGA (15). These results were
consistent with another published meta-analysis. A third
RCT randomized 71 pregnant individuals (n=46 with
T1DM, n=25 with T2DM) to CGM vs standard medical
care (201). However, the 25 individuals with T2DM (10 on
CGM and 15 on standard therapy) were not analyzed separ-
ately, so pregnancy outcomes could not be determined.
When the analysis from the 3 RCTs was not restricted to
only T2DM but also included TIDM and GDM, the results
were also similar showing no significant difference in the out-
comes of interest, LGA, SGA, neonatal hypoglycemia, 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 outcomes (203). A major limitation
of the GlucoMOM:s 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 HbAlc, 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 TIDM. Whether
these same benefits or glucometric targets will prove beneficial
in pregnant individuals with T2DM requires adequately pow-
ered RCTs using current rtCGM technologies (204).

Indirect evidence in an exclusively T2DM population in
pregnancy includes a recent retrospective study of 360 indi-
viduals (205) who delivered singletons without anomalies at
a single academic tertiary care center between 2019 and
2023 (205). 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 con-
tinuously to delivery 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 com-
posite 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%;a0R 0.48,95% CI[0.25-0.93]) and nearly a 70% re-
duction in NICU admissions (33.8% vs 47.6%; aOR 0.36
95% CI [0.16-0.8]). This study using current rtCGM technol-
ogy included a diverse cohort, and more than half of individuals
had government-assisted or no insurance. There were no differ-
ences in rates of LGA and SGA, neonatal hypoglycemia, and
HbA1lc before delivery, but the decrease was greater in the
HbA1c from baseline to delivery 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 compared with those using SMBG, and, al-
though their baseline HbA1c levels were higher, they had lower
body mass index (BMI) values and rates of hypertension and
presented for prenatal care at earlier gestational ages. As a re-
sult, 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
evidence and included 117 individuals, of whom 58% had
T1DM and 42% had T2DM (206). 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
related to outcomes: specifically, for each 5% increase in
TIR, the odds of neonatal morbidity decreased by 28%; the
associations appeared similar in TIDM and T2DM.

In T2DM outside of pregnancy, CGM was superior to
SMBG for HbAlc reduction (weighted mean change differ-
ence —0.40; 95% CI —-0.55 to 0.24) (207). Data in T2DM out-
side of pregnancy, especially in individuals using insulin,
demonstrate that rtCGM improves HbAlc and TIR
(70-180 mg/dL) and may reduce all-cause hospitalizations
(208, 209), but these improvements have largely occurred
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without changes in insulin dose or medications. Difficulties in
extrapolating data from T2DM outside of pregnancy to preg-
nancy include that there are different 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 dif-
ferent than those in pregnancy (prevention 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 TIDM 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 TIDM 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,
including nonprescription CGM, so CGM acceptability and
use are likely to increase over time (210). 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
improvements in any of the outcomes prioritized by the panel
were not identified (200-202, 213). The panel evaluated the in-
direct evidence supporting 1) improved glucometrics using
CGM in T2DM outside of pregnancy (208); 2) substantial im-
provements in neonatal outcomes including LGA infants,
NICU stays, and neonatal hypoglycemia in individuals using
CGM in T1DM (6); and 3) the potential for decreasing adverse
pregnancy outcomes with improved glucometrics in individuals
with (203, 206, 214). A recent retrospective study using current
CGM technology demonstrated an improvement in composite
neonatal morbidity, NICU admissions, and preterm birth was
also factored in improved glucometrics in individuals with
T2DM (205).

The benefits of CGM in T2DM outside of pregnancy cannot
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 HbAlc
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 mul-
tiple drivers of adverse outcomes and fetal overgrowth associ-
ated in T2DM compared with TIDM and a lower risk of
maternal hypoglycemia in T2DM. Indirect evidence also sug-
gests that in both T2DM and GDM, higher and tighter TIR
and a lower mean glucose may be required to improve preg-
nancy outcomes (20, 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
monitoring 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 T2DM (217). Ideal glycemic
range and TIR for pregnancies complicated by all types of dia-
betes need further study. The recommended TIR by CGM
may need to be higher in T2DM than in T1DM, and tighter
glycemic targets and a lower mean glucose may need to be
achieved earlier in pregnancy in T2DM and in GDM to im-
prove pregnancy outcomes (197, 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 pregnancy outcomes (20, 195-197, 218).

Research Considerations

Several RCTs evaluating T2DM in pregnancy comparing
rtCGM to standard care are currently in progress in the
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United States and the United Kingdom and will be valuable
in addressing this question but have yet to be completed
(219, 220). Other suggested studies include the following:

e 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.

e Given the heterogeneity of individuals with T2DM, studies
will be needed to determine if specific cohorts of individuals
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.

e 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 add-
ition of continuous glucose monitoring (CGM) in pregnancies
complicated by type 1 diabetes mellitus (T1DM), CGM is in-
creasingly used in pregnancy (6, 221). Currently recom-
mended, long-standing glycemic targets in pregnancy are:

e Fasting glucose 70-95 mg/dL (3.9-5.3 mmol/L)

e 1-hour postprandial glucose 110-140 mg/dL (6.1-7.8
mmol/L)

e 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 TIDM in pregnancy, which generally
used traditional fasting and postprandial targets for insulin
adjustment (217, 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 un-
defined 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 T2DM (217).

In practice, the recommended TIR is being used as a target
instead of a metric and thereby targeting higher nocturnal
and premeal levels of glycemia, despite the American

Diabetes Association (ADA) recommendation that CGM met-
rics should not be used as a substitute for fasting and postpran-
dial glucose targets (4). The effect of using different targets on
pregnancy outcomes is unclear, and this is critical due to evi-
dence 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 suggest that even more stringent targets and greater atten-
tion 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 neo-
natal hypoglycemia (21, 187, 197, 203, 223-242). Therefore,
establishing 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
(5.3mmol/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 | &
000).

Technical remarks

e When CGM is used in individuals with preexisting
diabetes, providers and patients should use fast-
ing and postprandial glucose targets (whether
measured by CGM or SMBG) as the basis for insu-
lin adjustment and not a single glucose target of
63-140 mg/dL.

e 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.

e 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/Zk TiAkkxaZg.

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/
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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
[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 TIDM with suboptimal
glycemia for pregnancy (glycated hemoglobin [HbAlc],
6.5%-10.0%) comparing standard of care to standard of
care plus the addition of CGM (6). CONCEPTT demon-
strated that CGM use resulted in improved neonatal outcomes
with reductions in LGA (53% vs 69%; P =.0210) and rates of
neonatal hypoglycemia (15% vs 28%; P =.0250) (6, 246).
There were no differences in SGA or rates of maternal hypo-
glycemia (6). 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 trimester
(247). Overnight and fasting glucose levels were not explored.

A 2023 retrospective cohort study of CGM use in 102 preg-
nancies complicated by TIDM explored the use of unique
CGM parameters (244). 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 glucose targets,
but, similar to the secondary analyses of CONCEPTT, it
showed variation in the strength of association 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
T1IDM and T2DM found that TIR was again associated
with LGA and neonatal hypoglycemia but not SGA (206).
Each 5-percentage point increase in TIR reduced odds of the
neonatal 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 pre-
dictive of SGA. Maternal glycemic emergencies were not re-
ported. Overnight and fasting glucose levels were not
explored. This study provided no comparison of CGM TIR
to traditional glucose 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 delivery (248). This suggests against the current
upper limit TIR recommended in pregnancy.

Several studies demonstrate an association between LGA
infants and overnight glycemia (233, 243). These include a
2019 prospective observational study of 162 pregnancies
complicated by gestational diabetes (GDM), which found
that pregnancies with LGA had higher overnight glucose com-
pared 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 glu-
cose and mean glucose overnight in the third trimester, and
TIR and TAR in each trimester (2).

Finally, in a 2022 functional data analysis of more than
10.5 million CGM glucose measures in 386 pregnancies com-
plicated by T1DM, the relationship between CGM metrics
and LGA infants by time of day throughout gestation was
studied (243). 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 TIDM and T2DM,
principal component analysis and k-means clustering was
used to identify distinct 4 patterns of glycemia (210):

e Well-controlled (mean glucose = 123 mg/dL [6.83 mmol/L])

e Suboptimal control with high variability (mean glucose =
154 mg/dL [8.6 mmol/L])

e Suboptimal control with minimal circadian variability
(mean glucose = 148 mg/dL [8.3 mmol/L])

e 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 variability had
higher rates of preterm birth (OR 2.59 [1.10-6.24]), cesarean
delivery (OR 2.76 [1.09-7.46]), and NICU admission (OR,
4.08 [1.58-11.4]) but not LGA infants, neonatal hypogly-
cemia, 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 TIDM ex-
plored the contribution of fasting/overnight glucose to TIR
(249). CGM was used for a 7-day period twice in the first tri-
mester, once in the second, and twice in the third. Basal
hyperglycemia (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 aver-
age fasting glucose over that 3-day period for that individual
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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]) 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, HbAlc 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 HbAlc 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 HbAlc. 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 T1IDM suboptimal glycemia (HbAlc>6.5%) in
early pregnancy (250) 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% + 10.5vs 55.6% + 12.5), lower
mean glucose (125 mg/dL + 14 mg/dL vs 136 mg/dL + 16 mg/
dL), lower HbAlc (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-effective (251-254), as well as acceptable and feasible
(6, 255). Aligning TIR recommendations with existing fasting
and postprandial targets is unlikely to significantly impact

acceptability or feasibility. Studies of HCL pump technology
have demonstrated the feasibility of achieving lower overnight
TIR (250).

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 suboptimal (256, 257). The GDP identi-
fied indirect evidence that supports using traditional fasting
targets to improve rates of LGA (2, 206, 243, 249) and neo-
natal hypoglycemia (2, 206, 243). The GDP placed high value
on the evidence supporting the need to achieve overnight/fast-
ing glucose values as required in the traditional targets; there-
fore, in the absence 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
outcomes may require a lower peak postprandial target.
There is indirect evidence in a GDM population that a low-
er postprandial target of less than 120 mg/dL would be
beneficial (242), and 120 mg/dL (6.6 mmol/L) is closer to
euglycemia (2, 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 be-
tween the relationship of fasting/overnight glycemia and adverse
maternal and neonatal outcomes (2, 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;:

e RCTs comparing currently recommended TIR metrics to
traditional fasting and postprandial glucose targets and
to lower glycemic targets in PDM are a practical and im-
mediate need. Nocturnal and daytime targets may need
differentiation, and targets may need to differ between
T1DM and T2DM.

e 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
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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 GDM
(259) and of miscarriage in TIDM (260).

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 outcomes (250). Glycemic
metrics in pregnancy, including glycated hemoglobin
(HbA1c), pre- and postprandial glucose, and time in range
(TIR), are strongly associated with pregnancy outcomes
(261-264). The physical and psychological burden of dia-
betes self-management outside of pregnancy is well-
documented. Coupling that burden with the tight glycemic
targets and other demands of pregnancy adds additional
stress and anxiety during pregnancy.

The use of hybrid closed-loop (HCL) pumps outside of
pregnancy has shown improvements in HbAlc, TIR, rates
of hypoglycemia, and quality of life (4). There are few studies
regarding the use of HCL pumps in pregnancy, but these lim-
ited studies have shown promise for individuals with TIDM
(250,261-265). The use of HCL pumps has been reported to im-
prove both glycemia and quality of life (250, 261, 263, 264).
HCL pumps have the potential to improve outcomes and re-
duce the unrelenting burden of diabetes self-management in
pregnancy. Therefore, the Guideline Development Panel
(GDP) prioritized 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 automatic-
ally based on continuous glucose monitor [CGM]) ra-
ther than an insulin pump with CGM (without an
algorithm) or multiple daily insulin injections with
CGM (2 | #000).

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 technol-
ogy and which technology to use should be made
by the patient with expert advice from someone
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/QL50063IPEA.

Benefits and Harms

The systematic review identified 5 randomized controlled trials
(RCTs) (250, 261, 263-265) and 1 prospective cohort study
(262) evaluating the effect of a HCL pump (pump adjusting
automatically 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 injec-
tions (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 t0 0.27). In addition, overnight glucometrics were sig-
nificantly 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 models
(265). TAR and TIR did not differ when analyzed based on tri-
mester. Finally, no significant differences were found in rates
of LGA (risk ratio [RR] 0.82; CI: 0.48-1.41), SGA (RR
3.03; CI: 0.49-18.62), or neonatal hypoglycemia (RR 1.19;
CI: 0.23-6.20). The reported studies provided direct evidence
of the effects of HCL pump use in women with preexisting
T1DM in pregnancy. Limitations of the primary evidence in-
cluded small sample size (from 10 to 124 women evaluated,
and mostly White) leading to imprecision, evaluation of dif-
ferent pump technologies, sensors and algorithms, initiation
of the intervention at different time points during pregnancy
with different glucose targets and variability in diet compos-
ition 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 in-
dividuals with TIDM (264), 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 HbAlc be-
tween 6.5% and 10%. The primary end point was a TIR of
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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 dif-
ference in time below range (TBR <63 mg/dL/3.5 mmol/L)
(1.3 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
continued use up to 6 weeks postpartum (266). During the
continuation phase, HCL therapy was associated with com-
parable levels of glycemia and significantly less nocturnal
hypoglycemia than SAPT (1.6% vs 2.7%; mean adjusted dif-
ference between groups —1.1, 95% CI —0.2 to —2.1, P = .06).

This study went on to evaluate the feasibility and safety of us-
ing 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 vaginal, elective ce-
sarean, 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 HCL (250). The primary outcome
was the percentage of TIR time in the pregnancy-specific tar-
get glucose 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 standard group [mean adjusted difference be-
tween 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 t0 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 standard group [mean adjusted differ-
ence 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 stand-
ard group [mean adjusted 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
compared glucometrics and maternal-fetal outcomes of 112
women with preexisting T1IDM using HCL with a median glu-
cose target at 99 mg/dL (5.5 mmol/L) vs MDI with CGM
(262). 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) compared to MDI group
(HCL 3% vs 2% vs 1% from first to second and third trimes-
ter; MDI 4% vs 3% vs 2% from first to second and third tri-
mester, 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 HbAlc 6.5% in both groups 9%
(261). Of note, even though this was a HCL pump, it did not
accommodate pregnancy-specific glucose targets in its algo-
rithm. 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%, ad-
justed mean difference of 1.88,95% CI —0.82t0 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 HbAlc
value 6.8% (265). This study used an HCL pump, with partic-
ipants 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
glycemic 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 TIR (250, 264), or less time in TBR
(261, 263, 265) Furthermore, many women with lower TIR
in early pregnancy increased their TIR with the use of HCL tech-
nology, although using lower pregnancy targets in the AIDAPT
study may have contributed to the favorable findings in the HCL
technology arm (250). Finally, pregnant women who had higher
TIR in early pregnancy maintained or increased their TIR in lat-
er pregnancy and reported a decrease in their overall diabetes
burden, worry about the health of their unborn child, along
with improved 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 hyperglycemia (263, 264). Lee et al reported
no differences in device-related adverse events in the 2 groups
of individuals evaluated (250). Benhalima et al reported no
differences in the device failures in the 2 groups (40 vs 39)
with no related adverse events (261). No adverse events
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related to device defects were reported by Polsky and Quiros
(262, 265).

In the RCT study by Lee et al, differences in pregnancy were
not evaluated (250).

Quiros et al reported that newborns of HCL users were
more likely to have higher birthweight (B-adjusted 279.0 g,
95% CI 39.5-518.5) and macrosomia (adjusted odds ratio
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 models (262).

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 reported (265).

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 T1IDM (267). 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
priority 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 implement-
ing HCL pumps or provided sufficient data on the main outcomes
to determine cost-effectiveness (4, 152,250,261, 262, 264-266).
CGM alone has been shown to be cost-effective in pregnancies in
women with TIDM. Feig et al reports that if the National Health
Service (NHS) in the United Kingdom paid for CGM for all wom-
en with TIDM during pregnancy, this would save £9.6 million
per year, a cost reduction of 40% compared with self-monitoring
of blood glucose (222). The infants of women with T1DM using
CGM in pregnancy had shorter neonatal intensive 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-
nancy (268). Eleven pregnant women already using SAPT
were enrolled in and completed this 2-day study, which dem-
onstrated that a customized closed-loop control system tail-
ored to pregnancy glucose targets is feasible for women
previously using SAPT. The panel judged that the feasibility
of the intervention will vary. These technologies are not avail-
able in all countries, and which technologies are available var-
ies from country to country. Costs may be prohibitive to
individuals and health care systems may not have the resour-
ces necessary to support their use. The intervention may be
feasible if individualized management is performed, taking
into consideration factors such as patients’ preferences, acces-
sibility, 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 TIDM in pregnancy using a HCL system, who
reported a reduction in the burden of diabetes management and
improved sleep (269). 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 clinicians (4, 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 suggest
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 studies (222). Participants in the studies include in our
meta-analysis reports were highly educated (many with a bache-
lor’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 stud-
ies and have reported potential benefits of HCL therapy
(271, 272). No significant differences were found in maternal
and neonatal outcomes in pregnant women treated with HCL
compared with control groups. There was no identified harm
for using HCL technology, in terms of maternal severe hypo-
glycemia or hyperglycemia, preterm birth, birth weight, neo-
natal complications, or admission to the NICU. The GDP
judged that the intervention was acceptable to patients. This
intervention may be feasible if the user can afford the technol-
ogy, 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 knowl-
edgeable 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.
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The GDP’s primary objective was to assess the risks and
benefits of HCL in individuals with preexisting TIDM. Yet,
women with T2DM have a higher rate of stillbirths and peri-
natal mortality than women with T1IDM, 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.

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. HbAlc 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
percentage 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 alone (20).

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 ad-
equate glycemic targets, but data are not sufficient to suggest
a preferential use of one technology. HCL use during preg-
nancy must be able to demonstrate a reduction of adverse ma-
ternal 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:

e Should HCL pumps vs MDI plus CGM be used to manage
glycemic control in preexisting T2DM in pregnancy?
e For both TIDM and T2DM
o What glycemic targets should HCL pumps use in
pregnancy?
o Should HCL glycemic targets vary based on time of day
or trimester of pregnancy?
o Which HCL algorithms are best in pregnancy?
o 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
hypertensive disorders of pregnancy, delivery-related morbidity,
and stillbirth, may be prevented by delivery before 39 weeks
(130). However, this is associated with an increased likelihood

of neonatal intensive care unit (NICU) admission and other neo-
natal morbidities. Optimal delivery timing balances the known
morbidity 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
hypertension or fetal growth abnormalities, the American
College of Obstetricians and Gynecologists (ACOG) recom-
mends delivery at 39 0/7 to 39 6/7 weeks (130, 273, 274). In
contrast, in the presence of vascular complications, hypergly-
cemia, or prior stillbirth, ACOG guidelines recommend consid-
ering delivery at 36 0/7 to 38 6/7 weeks; the existing guidelines
do not comment on other common comorbidities, particularly
obesity and other cardiometabolic abnormalities, that are inde-
pendently associated with perinatal morbidity. The GDP priori-
tized this question because optimizing timing of delivery will
improve outcomes in pregnancies complicated by PDM.

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

Recommendation 9

In individuals with preexisting diabetes mellitus (PDM),
we suggest early delivery based on risk assessment
rather than expectant management (2 | @000).

Technical remarks

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

¢ Risk assessmentcriteriathat may be usefulto 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
management 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,
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particularly stillbirth, at term in PDM. Additionally, the GDP
gave weight to the indirect evidence in the general population
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.
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
respiratory morbidity. While there are several RCTs of labor in-
duction at term, we identified only one that included any individ-
uals 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 PDM (275).

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 in-
clude 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 induction
for suspected fetal macrosomia was associated with a reduced
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; I? = 82.5). The risk for stillbirth is higher among indi-
viduals with type 2 diabetes mellitus (T2DM), who are more like-
ly to have cardiometabolic risk factors for stillbirth and to be part
of a minoritized community that experiences inequities in preg-
nancy outcomes and less likely to be cared for by dedicated multi-
disciplinary pregnancy teams than those with type 1 diabetes
mellitus (TIDM) (273, 276). Class 3 obesity may confer add-
itional risk for stillbirth that should be incorporated into deci-
sions 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 obesity
(277). Retrospective studies that stratify outcomes by delivery
timing in people with diabetes have not been sufficiently powered
to identify a difference in stillbirth and birth trauma by gestation-
al 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 inci-
dence 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 in-
creases at term, delivery is protective; in a trial of labor induc-
tion vs expectant management in low-risk pregnancies at 39
weeks, labor induction was associated with a significant de-
crease in the risk for hypertensive complications (RR 0.6;
95% CI: 0.6-0.7) (278). While the overall risk for cesarean de-
livery is high among people with diabetes, delivery at early
term is not associated with significant differences in the risk
for cesarean delivery in retrospective data. Early labor induc-
tion may even be protective against cesarean delivery; in low-
risk individuals at term, induction was associated with de-
creased risk for cesarean delivery (RR 0.84; 95% CI:
0.76-0.93). Both hypertension and cesarean delivery are inde-
pendently associated with severe maternal morbidity; how-
ever, 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, respiratory dis-
tress syndrome, hypoglycemia, hyperbilirubinemia, and other
diagnoses that could be related to prematurity. The GDP did
not identify evidence suggesting maternal harm with early deliv-
ery based on risk assessment. Elective early-term (37 to 38 6/7
weeks) delivery is associated with neonatal morbidity in people
without diabetes (279). Among people with diabetes, delivery
at 36 and 37 weeks is consistently associated with neonatal mor-
bidity in retrospective studies. The harm of delivery is less clear at
38 weeks, with conflicting data. One large study using adminis-
trative data found an association of iatrogenic delivery, defined
as pre-labor cesarean delivery or labor induction, with neonatal
morbidity at 36 and 37 weeks, but not 38 weeks (280). Similar
results were seen in a single-center study that included 4750 par-
ticipants with either PDM or gestational diabetes (GDM). A sub-
sequent Canadian population-based study demonstrated a
modest association of delivery at 38 weeks with NICU admission
(adjusted [a]RR, 1.61595% CI: 1.36-1.90) compared with deliv-
ery after 39 weeks (281). Meanwhile, in an analysis of US natal-
ity data, planned delivery at 38 to 39 weeks was associated with
lower odds of neonatal morbidity than expectant management
among people with diabetes (aRR, 0.88; 95% CI: 0.77-0.99).
The GDP concluded that, in aggregate, the indirect evidence sug-
gests minimal harm of delivery after 38 weeks (282).

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 delivery
at term for people with PDM; we considered costs associated
with labor induction and excess NICU admission to be most rele-
vant; early delivery based on risk assessment might lead to excess
NICU admissions, which are a driver of health care costs. The
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GDP estimated that the resources required for implementation
would be moderate, but whether additional 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 labor and delivery stay.
Elective labor induction may be associated with additional cost
among low-risk, nulliparous individuals at 39 weeks; however,
the resources required depend on the baseline risks for hyperten-
sive disorders and cesarean delivery, both of which are more
common in people with diabetes (4, 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 acceptable and unlikely to require additional re-
sources. Although there are no validated risk assessment tools, a
standardized approach to delivery in pregnancies complicated by
diabetes may improve equitable care delivery and decrease dis-
parities 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 glucose. In all
populations including individuals with diabetes, delivery prior
to 39 weeks is associated with neonatal morbidity related to
prematurity, primarily respiratory; however expectant man-
agement at term is associated with maternal morbidity and oth-
er 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 out-
come of stillbirth to support the conditional 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 in-
dividuals with PDM, early delivery rather than expectant man-
agement should be considered. The recommendation is based in
part on the lack of any validated obstetric risk assessment tools
to address the question. The panel considered expectant man-
agement, defined as when intervention is delayed in favor of
close monitoring of the mother and fetus with the goal of pro-
longing pregnancy to achieve an optimal perinatal outcome.
The panel fully endorsed the judgment of the health care pro-
viders, in conjunction with joint decision making with the pa-
tient, to determine the optimal timing of delivery. The
decisions are based on diabetes-related complications, obstet-
rical considerations such as hypertensive disorders of preg-
nancy and fetal growth and risk of stillbirth. Based on the
evidence presented in this summary, the panel considered deliv-
ery no later than 38 6/7 weeks, even in those with ideal glycemic
control, as a timepoint when maternal and fetal risk of morbid-
ity begin to outweigh the benefits of expectant management.

Research Considerations
We suggest research addressing the following questions:

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

e Does the use of a risk assessment tool that incorporates the
clinically evident risk factors associated with maternal mor-
bidity 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
contraceptive and pregnancy planning, care for diabetes and its
complications, obesity care, lactation support, management of
postpartum hypertension, screening for depression, and man-
agement of thyroid disorders (4, 28, 286-289). Special attention
is needed for diabetes complications, such as nephropathy (290).

Unfortunately, many people with diabetes experience lapses
in care in both the immediate postpartum period and even
during the first year postpartum (291, 292). Two common
reasons for urgent visits and readmission postpartum are
hypertension and infection (293). Women with preexisting
diabetes mellitus (PDM) have increased risk of severe mater-
nal 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 persistent postpartum hypertension (21.5% vs
5.6%; P <.001) (294). It is also a known risk factor for post-
partum sepsis (OR, 3.46; 95% CI: 3.014-3.83) (295) and
wound infection (296). 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 com-
plications, fear of hypoglycemia, lapses in postpartum diabetes
care with resultant variability in maternal glycemia, and lapses
in lactation support (297-302). Additionally, lapses in care re-
sulting in hyperglycemia and decreased uptake of contraception
and pregnancy planning could lead to increased risk of congeni-
tal malformations and miscarriage in a future pregnancy (4, 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 placenta (4, 303), followed by a gradual in-
crease 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 breastfeed (297, 303, 304). Advances in diabetes tech-
nology may help reduce hyper- and hypoglycemia (167); dia-
betes 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
injectable pharmaceuticals. This complexity highlights the im-
portance of expert diabetes care in the postpartum period (4, 5)

Question 10. In postpartum individuals with preexisting
diabetes mellitus (including those with pregnancy loss
or termination), should postpartum endocrine care (com-
prebensive diabetes management) in addition to usual ob-
stetric care vs usual obstetric care be used?
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Recommendation 10

In individuals with preexisting diabetes mellitus (PDM)
(including those with pregnancy loss or termination),
we suggest postpartum endocrine care (diabetes man-
agement), in addition to usual obstetric care (2 | §O00).

Technical remarks

¢ |n addition to routine obstetric care, immediate post-
partum care for individuals with PDM should priori-
tize 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 endo-
crinology, as well as nurses, dietitians, and certi-
fied diabetes care and education specialists. This
team should also support ongoing, long-term es-
tablished 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 sev-
eral 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/b0DXzd WOGRA.

Benefits and Harms

The systematic review identified no randomized controlled trial
(RCT) comparing postpartum endocrine care (comprehensive
diabetes management) plus usual obstetric care vs usual care in
individuals with PDM on the prespecified outcomes of interest:

e Maternal severe hyperglycemia or hypoglycemia requir-
ing medical attention
e Glucometrics (time in range [TIR], time above range
[TAR], and time below range [TBR])
Maternal hypoglycemia
Use of contraception
Glycated hemoglobin (HbAlc) within the first year
postpartum
Indirect evidence from a previously described meta-
analysis, demonstrating that PCC reduces HbAlc and con-
genital malformation, supports this recommendation (3).
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 neo-
natal 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 initiated (305), there was a significant reduction in first-
trimester HbA1c (7.8% to 7.1%; P < .001) following the inter-
vention, increased uptake of PCC (49% vs 23%; P < .001), and
an important reduction in congenital malformations (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 included
PDM. In a RCT comparing a single 6-week with 2-week
and 6-week postpartum obstetric visits, the rate of urgent
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 individ-
uals at high risk for maternal morbidity (38.6% with dia-
betes) compared 2590 enrolled in a postpartum program
(which included endocrine follow-up for diabetes) with
3229 not enrolled (306). While measures of glycemia and
uptake of contraception were not reported, the adjusted in-
cidence of all-cause hospitalizations within 30 days post-
partum was 20% lower among enrollees (incident RR
0.80; 95% CI: 0.67-0.95). These studies suggest that more
frequent postpartum 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 recommendation (307). Participants (7 =18) in
the closed-loop arm had less TBR (defined as <70 mg/dL/
3.9nmol/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 up-
take were not reported. This study was designed to—and
successfully did—demonstrate the value of a technological
intervention; 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 sev-
eral studies (298, 308, 309). Furthermore, studies suggest
that individuals with diabetes would prefer more support,
including from diabetes specialists, in the postpartum peri-
od (293, 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 read-
missions, increased rates of breastfeeding, and reduced rates of
congenital malformations in future pregnancies. The cost-
effectiveness of PCC is supported by a systematic review (33).

Factors associated with nonattendance of postpartum visits
include younger age, Black race, Hispanic ethnicity, Medicaid
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insurance, mental health disorders, lower socioeconomic sta-
tus, decreased access to prenatal care, adverse pregnancy out-
comes, limited resources (eg, lack of access to care, limited
childcare), and low health literacy (291, 292, 313), suggest-
ing significant inequity in postpartum care. Higher rates of
follow-up were associated with specialist (including endo-
crinologist) provider vs primary care (314) suggesting
that if postpartum specialist visits were widely available to
all individuals, postpartum endocrine care might reduce in-
equities among individuals with diabetes. Offering 2 post-
partum visits (at 2 and 6 weeks) instead of only one at 6
weeks improved overall attendance at one visit for minority
individuals in a RCT (293).

Justification for the Recommendation

The GDP based its recommendation on very low certainty indir-
ect evidence suggesting that postpartum endocrine care could re-
sult in reductions in maternal hypoglycemia as well as in urgent
visits and readmissions in the immediate postpartum period and
moderate to high certainty evidence that PCC can reduce HbAlc
and congenital malformations in subsequent pregnancies.
Additionally, evidence suggests concerns about diabetes man-
agement and desire for support from individuals. 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 suggested it would be ac-
ceptable to individuals. Costs would be moderate, but, based on
the indirect evidence of a preconception 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 population (313).

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 obstetricians (315, 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 care (317) and concluded that pro-
viding contraceptive care early in the postpartum period was
associated with greater uptake of contraceptive use and that
both peer support and support from a lactation consultant in-
creased 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:

e 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?

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

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

e 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 HbA1lc level at 1 year and
glucometrics?

e 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,
including 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 preconcep-
tion 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 insu-
lin pump technology have shown benefit by simplifying gly-
cemic monitoring and insulin administration. Improvements
in glycemia and perinatal outcomes have been reported with
CGM use when compared with self-monitoring of blood glu-
cose (SMBG). Hybrid closed-loop (HCL) pump systems com-
bine CGM and insulin pump technologies with increasingly
sophisticated algorithms. As technology becomes more inte-
grated into the routine management of diabetes in pregnancy,
practitioners need to provide individualized device selection,
counseling, 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 deliv-
ery of PCC are crucial to prevent significant mortality
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and 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
management in pregnancy are lacking, so clinical studies
in this context are necessary.

Acknowledgments

The Endocrine Society and the Guideline Development
Panel (GDP) thank Marie McDonnell, MD, and Roma
Gianchandani, MD, who served as Clinical Guidelines
Committee chairs during the development of this clinical prac-
tice guideline (CPG). The GDP thanks Endocrine Society staff
members Maureen Corrigan, MA, Elizabeth York, MPH,
Laura Mitchell, and Emma Goldberg, PhD for their expert
guidance and assistance with all aspects of guideline develop-
ment. We also thank the numerous contributors from the
Mayo Evidence-Based Practice Center, especially Alaa Al
Nofal, MD, MBA, for their contribution in conducting the
evidence reviews for the guideline.

Funding

Funding for the development of this guideline was provided by
The Endocrine Society. No other entity provided financial
support.

Disclaimer

The Endocrine Society’s clinical practice guidelines are developed
to be of assistance to endocrinologists by providing guidance and
recommendations for particular areas of practice. The guidelines
should not be considered as an all-encompassing approach to in-
dividual care and not inclusive of all proper approaches or meth-
ods, or exclusive of others. The guidelines cannot guarantee any
specific outcome or successful treatment, nor do they establish a
standard of care. The guidelines are educational tools, not med-
ical advice, and are not intended to dictate the treatment of a par-
ticular individual. Treatment decisions must be made based on
the independent judgment of health care clinicians and each per-
son’s individual circumstances. The Endocrine Society makes
every effort to present accurate and reliable information, and
this guideline reflects the best available data and understanding
of the science of medicine at the time the guideline was prepared.
The results of future studies may require revisions to the recom-
mendations in this guideline to reflect new data. This publication
is provided “as is” and the Society makes no warranty, express or
implied, regarding the accuracy and reliability of these guidelines
and specifically excludes any warranties of merchantability and
fitness for a particular use or purpose, title, or non-infringement
of third-party rights. The Society, its officers, directors, members,
employees, and agents (including the members of the Guideline
Development Panel) shall not be liable for direct, indirect, special,
incidental, or consequential damages, including the interruption
of business, loss of profits, or other monetary damages, regard-
less of whether such damages could have been foreseen or pre-
vented, related to this publication or the use of, inability to use,
results of use of, or reliance on the information contained herein,
based on any legal theory whatsoever and whether or not there
was advice on the possibility of such damages.

Summary

e Total number of Guideline Development Panel (GDP)
members = 14

e Percentage of total GDP members with relevant (or poten-
tially relevant) conflict of interest (COI) for this Clinical
Practice Guideline (CPG) =36%

Individual Disclosures, Conflicts, and Management
Strategies

Chair: Jennifer Wyckoff, MD
University of Michigan
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025
e No disclosures

Open Payments Database: https:/openpaymentsdata.cms.
gov/physician/403735

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

Co-Chair: Annunziata Lapolla, MD
University Studi di Padova
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025
e No disclosures

Open Payments Database: N/A

Assessment and Management:

e No COlI relevant to this CPG.
e No management required.

Bernadette Asias-Dinh, PharmD
University of Houston
Expertise: Pharmacy

Disclosures (years):

e American Pharmacist Association, Leadership Role
e Vecino Health Centers, Denver Harbor Family Health
Center

Open Payments Database: N/A

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

Linda Barbour, MD, MSPH
University of Colorado
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025
e National Institutes of Health, Research Funding

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://openpaymentsdata.cms.gov/physician/403735
https://openpaymentsdata.cms.gov/physician/403735

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9 2441

American Association of Clinical Endocrinology, Speaker
Philadelphia Endocrine Society, Speaker

e JAEB Center for Health Research, Data Safety Monitoring
Boards

UptoDate, Editor/Board Member

Harold Hamm Diabetes Center/Presbyterian Health
Foundation, Research Funding

e Helmsley Charitable Trust, Research Funding

Open Payments Database: https:/openpaymentsdata.cms.
gov/physician/974703

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

Florence Brown, MD
Joslin Diabetes Center
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025

e Dexcom (Dexcom manufactures and markets continuous
glucose sensors), Research Funding
e UpToDate, Author

Open Payments Database: https:/openpaymentsdata.cms.
gov/physician/607275

Assessment and Management:

e Dr. Brown has an industry relationship relevant to this
CPG.

e Dr. Brown was allowed to participate on the GDP because
she is a renowned expert in the area of diabetes and preg-
nancy, and since she was nominated by the American
Diabetes Association.

e Divestment: None required.

e COI management: Dr. Brown’s relationship with Dexcom
was deemed potentially relevant to questions related to con-
tinuous glucose monitoring. Dr. Brown was not involved in
systematic reviews for PICO questions directly related to the
above considerations. Dr. Brown did not vote on matters
directly related to the above considerations. Dr. Brown
did not draft guideline sections directly related to the above
considerations. All GDP participants were made aware of
Dr. Brown'’s potentially relevant industry relationship.

Patrick Catalano, MD

Massachusetts General Hospital

Expertise: Obstetrics, Gynecology, and Maternal Fetal
Medicine

Disclosures (years): 2021-2025

e National Institute of Child Health and Human
Development, National Institute of Diabetes and
Digestive and Kidney Diseases, Research Funding

Open Payments Database: https:/openpaymentsdata.cms.
gov/physician/488673

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

Rosa Corcoy, MD, PhD
Hospital de la Santa Creu i Sant Pau
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025

e Ministerio de Ciencia e Innovacion, Research Funding

e Novo Nordisk (Novo Nordisk manufactures and markets
insulin and GLP-1RA products.), Consulting

e Eli Lilly (Eli Lilly manufactures and markets insulin and
GLP-1RA products, as well as smart pens and digital dia-
betes management tools.), Speaker, Research Funding

e Diabeloop (Diabeloop manufactures and markets hybrid
closed-loop systems, as well as other technological dia-
betes solutions.), Speaker

e Ascensia (Acesncia manufacture and markets blood glu-
cose monitoring systems, continuous glucose monitoring
systems, and test strips.), Speaker

e Sanofi (Sanofi manufactures and markets insulin prod-
ucts, oral diabetes medications (glimepiride and lixisena-
tide), blood glucose monitoring systems, and insulin
pens.), Speaker

e Merck (Merck manufactures and markets DPP-4 inhibi-
tors.), Speaker

e ONALABS (ONALABS manufactures and markets con-
tinuous glucose monitors.), Consultant

e Generalitat de Catalunya, Research Funding

e Sociedad Espanola de Diabetes, Speaker, Editorial Board

e Sociedad Espanola de Endocrinologia y Nutricion,
Editorial Board

e The Diabetic Pregnancy Study Group - European
Association for the Study of Diabetes, Treasurer

Open Payments Database: N/A

Assessment and Management:

e Dr. Corcoy has an industry relationship relevant to this CPG.

e Dr. Corcoy was allowed to participate on the GDP be-
cause she is a renowned expert in the area of diabetes in
pregnancy.

e Divestment: None required.

e COI management: Dr. Corcoy’s relationship with Novo
Nordisk, Eli Lilly, Diabeloop, Ascencia, Sanofi, Merck and
ONALABS were deemed potentially relevant to questions re-
lated to continuous glucose monitoring, closed-loop systems,
insulin, and GLP-1RAs. Dr. Corcoy was not involved in sys-
tematic reviews for PICO questions directly related to the
above considerations. Dr. Corcoy did not vote on matters
directly related to the above considerations. Dr. Corcoy did
not draft guideline sections directly related to the above con-
siderations. All GDP participants were made aware of Dr.
Corcoy’s potentially relevant industry relationship.

Gian Carlo Di Renzo, MD, PhD

PREIS International School

Meyer Children’s University Hospital

Firenze, Italy

Expertise: Obstetrics, Gynecology, and Maternal Fetal
Medicine

Disclosures (years): 2021-2025

e National Institutes of Health, Research Funding
e Organon, Consulting

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://openpaymentsdata.cms.gov/physician/974703
https://openpaymentsdata.cms.gov/physician/974703
https://openpaymentsdata.cms.gov/physician/607275
https://openpaymentsdata.cms.gov/physician/607275
https://openpaymentsdata.cms.gov/physician/488673
https://openpaymentsdata.cms.gov/physician/488673

2442

Nestle (Nestle manufactures and markets nutritional sup-
plements for pregnant women, for individuals with dia-
betes, and for pregnancy women at risk for gestational
diabetes.), Advisory Board

New European Surgical Academy, Secretary

Italian Law Court

Open Payments Database: N/A

Assessment and Management:

Dr. Di Renzo has an industry relationship relevant to this
CPG.

Dr. Di Renzo was allowed to participate on the GDP be-
cause he is a renowned expert in the area of diabetes in
pregnancy.

Divestment: Dr. Di Renzo divested from advisory board par-
ticipation with Nestle prior to initiation of the guideline.
COI management: Dr. Di Renzo’s relationship with Nestle
were deemed potentially relevant to questions related to nu-
trition. Dr. Di Renzo was not involved in systematic re-
views for PICO questions directly related to the above
considerations. Dr. Di Renzo did not vote on matters dir-
ectly related to the above considerations. Dr. Di Renzo
did not draft guideline sections directly related to the above
considerations. All GDP participants were made aware of
Dr. Di Renzo’s potentially relevant industry relationship.

Nancy Drobycki, MSN, RN, CDCES
UT Southwestern Medical Center
Expertise: Nursing and Diabetes Education

Disclosures (years): 2021-2025

Association of Diabetes Care and Education Specialists,
Education Leader for the State of Texas

Open Payments Database: N/A

Assessment and Management:

No COI relevant to this CPG.
No management required.

Alexandra Kautzky-Willer, MD
Medical University of Vienna
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025

Bohringer Ingelheim (Bohringer Ingelheim manufactures
GLP-1RAs.), Consulting, Advisory Board

AstraZeneca (AstraZeneca manufactures and markets
GLP-1RAs.), Consulting

Sanofi (Sanofi manufactures and markets insulin prod-
ucts, oral diabetes medications (glimepiride and lixisena-
tide), blood glucose monitoring systems, and insulin
pens.), Consulting

Novo Nordisk (Novo Nordisk manufactures and markets
insulin and GLP-1RA products.), Consulting, Research
Funding

Novartis (Novartis manufactures and markets GLP-1RAs
and other pipeline treatments for diabetes.), Consulting
Eli Lilly (Eli Lilly manufactures and markets insulin
and GLP-1RA products, as well as smart pens and

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

digital diabetes tools.), Consulting,
Advisory Board

Amgen, Consulting

management

Open Payments Database: N/A

Assessment and Management:

Dr. Kautzky-Willer has an industry relationship relevant
to this CPG.

Dr. Kautzky-Willer was allowed to participate on the
GDP because she is a renowned expert in the area of dia-
betes in pregnancy.

Divestment: Dr. Kautzky-Willer divested from advisory
board participation prior to initiating the guideline.

COI management: Dr. Kautzky-Willer’s relationship with
Bohringer Ingelheim, AstraZeneca, Novo Nordisk, Eli
Lilly, Sanofi, and Novartis were deemed potentially rele-
vant to questions related to glucose monitoring, insulin,
SGLT2 inhibitors, DPP-4 inhibitors, and GLP-1RAs. Dr.
Kautzky-Willer was not involved in systematic reviews for
PICO questions directly related to the above considerations.
Dr. Kautzky-Willer did not vote on matters directly related
to the above considerations. Dr. Kautzky-Willer did not
draft guideline sections directly related to the above consid-
erations. All GDP participants were made aware of Dr.
Kautzky-Willer’s potentially relevant industry relationship.

Melanie Stephenson-Gray
Expertise: Patient Representative

Disclosures (years): 2021-2025

Diabetes UK, Board Member

Open Payments Database: N/A

Assessment and Management:

No COI relevant to this CPG.
No management required.

Adam Tabak, MD, PhD
Semmelweis University of Medicine, University College London
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025

Hungarian Diabetes Association, Research Funding,
Board Member

e Ministry of Innovation and Technologies, Research Funding
e Bohringer Ingelheim (Bohringer Ingelheim manufactures

GLP-1RAs.), Consulting

77 Elektronika Kft (77 Elektronika Kft manufactures and
markets blood glucose meters, continuous glucose moni-
toring systems, diabetes data management systems, urine
analyzers and test strips.), Speaker

AstraZeneca (AstraZeneca manufactures and markets
GLP-1RAs.), Speaker

Sanofi-Aventis (Sanofi-Aventis manufacturers and markets
insulin, glargine, insulin pens, and injections.), Consulting
Diabetes Pregnancy Study Group of the EASD, Board
Member

Open Payments Database: N/A

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq



The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9 2443

Assessment and Management:

e Dr. Tabak has an industry relationship relevant to this CPG.

e Dr. Tabak was allowed to participate on the GDP because
he is a renowned expert in the area of diabetes in pregnancy
and he was nominated by the European Association for the
Study of Diabetes.

e Divestment: None required.

e COI management: Dr. Tabak’s relationship with Bohringer
Ingelheim, AstraZeneca, and 77 Elektronika were deemed
potentially relevant to questions related to glucose moni-
toring, insulin, SGLT2 inhibitors, DPP-4 inhibitors, and
GLP-1RAs. Dr. Tabdk was not involved in systematic re-
views for PICO questions directly related to the above con-
siderations. Dr. Tabak did not vote on matters directly
related to the above considerations. Dr. Tabak did not draft
guideline sections directly related to the above considera-
tions. All GDP participants were made aware of Dr.
Tabak’s potentially relevant industry relationship.

Emily Weatherup, MS, RDN, CDCES
University of Michigan
Expertise: Patient Representative

Disclosures (years): 2021-2025

e Association of Diabetes Care and Education Specialists,
Conference Review Committee

Open Payments Database: N/A

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

Chloe Zera, MD, MPH

Beth Israel Deaconess Medical Center

Harvard Medical School

Expertise: Obstetrics, Gynecology, and Maternal Fetal Medicine

Disclosures (years): 2021-2025

Adriadne Labs, Research Funding

Massachusetts Perinatal Neonatal Quality Improvement
Network, Advisory Board

e American College of Obstetrics
Leadership Roles

Society for Maternal Fetal Medicine, Leadership Role

and Gynecology,

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

M. Hassan Murad, MD, MPH
Mayo Clinic
Expertise: Epidemiology, guideline methodology

Disclosures (years): 2021-2025

Society for Vascular Surgery, methodologist
American Society of Hematology, methodologist
CHEST, methodologist

World Health Organization, methodologist
Evidence Foundation, methodologist

Open Payments Database: No entries.

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

Naykky Singh Ospina, MD
University of Florida
Expertise: Adult Endocrinology

Disclosures (years): 2021-2025
e No disclosures

Open Payments Database: No entries

Assessment and Management:

e No COI relevant to this CPG.
e No management required.

Appendix A. Guideline Development Panel makeup, roles, and
management plans

Role Name Relevant Representative
cor:
Chair Jennifer Wyckoft No
Co-Chair Annunziata Lapolla No
Members Bernadette No APhA
Asias-Dinh
Linda Barbour No
Florence Brown Yes
Patrick Catalano No ACOG
Rosa Corcoy Yes
Gian Carlo Di Renzo ~ Yes
Nancy Drobycki No ADCES
Alexandra Yes
Kautzky-Willer
Melanie No
Stephenson-Gray
Adam Tabik Yes EASD
Emily Weatherup No
Chloe Zera No SMFM
Methodologists M. Hassan Murad No

Naykky Singh Ospina  No

Abbreviations: ACOG, American College of Obstetricians and Gynecologists;
ADCES, Association of Diabetes Care and Education Specialists; APhA,
American Pharmacists Association; COL, conflict of interest; EASD, European
Association for the Study of Diabetes; SMFM, Society for Maternal-Fetal
Medicine.

References

1. Chivese T, Hoegfeldt CA, et al. IDF diabetes atlas: the prevalence
of pre-existing diabetes in pregnancy — a systematic review and
meta—analysis of studies published during 2010-2020. Diabetes
Res Clin Pract. 2022;183:109049. https:/doi.org/10.1016/j.

diabres.2021.109049
2. Jovanovi¢ L, Liang Y, Weng W, Hamilton M, Chen L, Wintfeld N.

Trends in the incidence of diabetes, its clinical sequelae, and asso-
ciated costs in pregnancy. Diabetes Metab Res Rev. 2015;31(7):
707-716. https:/doi.org/10.1002/dmrr.2656

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://doi.org/10.1016/j.diabres.2021.109049
https://doi.org/10.1016/j.diabres.2021.109049
https://doi.org/10.1002/dmrr.2656

2444

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

Murphy HR, Howgate C, O’Keefe ], et al. Characteristics and
outcomes of pregnant women with type 1 or type 2 diabetes: a
5-year national population-based cohort study. Lancet Diabetes
Endocrinol. 2021;9(3):153-164. https:/doi.org/10.1016/s2213-
8587(20)30406-x

American Diabetes Association Professional Practice Committee.
15. Management of diabetes in pregnancy: standards of care in
diabetes—2025. Diabetes Care. 2024;48(Suppl 1):5306-5S320.
Wahabi HA, Fayed A, Esmaeil S, et al. Systematic review and
meta-analysis of the effectiveness of pre-pregnancy care for wom-
en with diabetes for improving maternal and perinatal outcomes.
PLoS One. 2020;15(8):e0237571.

Feig DS, Donovan LE, Corcoy R, et al. Continuous glucose mon-
itoring in pregnant women with type 1 diabetes (CONCEPTT): a
multicentre international randomised controlled trial. Lancet.
2017;390(10110):2347-2359.

Farabi SS, Hernandez TL. Low-carbohydrate diets for gestational
diabetes. Nutrients. 2019;11(8):1737.

Marshall NE, Abrams B, Barbour LA, et al. The importance of nu-
trition in pregnancy and lactation: lifelong consequences. Am |
Obstet Gynecol. 2022;226(5):607-632.

Mannar V, Boro H, Patel D, Agstam S, Dalvi M, Bundela V.
Epigenetics of the pathogenesis and complications of type 2 dia-
betes mellitus. touchREV Endocrinol. 2023;19(1):46-53.
Neumann I, Schiinemann H, eds. The GRADE Book (Version 1.0).
The GRADE Working Group; 2024. https:/book.gradepro.org/
Schiinemann HJ, Cushman M, Burnett AE, et al. American Society
of Hematology 2018 guidelines for management of venous
thromboembolism: prophylaxis for hospitalized and nonhospital-
ized medical patients. Blood Adv. 2018;2(22):3198-3225.
Alonso-Coello P, Schiinemann HJ, Moberg J, et al. GRADE
Evidence to Decision (EtD) frameworks: a systematic and trans-
parent approach to making well informed healthcare choices. 1:
introduction. Gac Sanit. 2018;32(2):166.e1-166.e10.
Alonso-Coello P, Oxman AD, Moberg J, et al. GRADE Evidence
to Decision (EtD) frameworks: a systematic and transparent ap-
proach to making well informed healthcare choices. 2: clinical
practice guidelines]. Gac Sanit. 2018;32(2):167.€1-167.€10.
GRADEpro software: GRADEpro GDT: Guideline development
tool [software]. In: Prime MUaE; 2024. https:/www.gradepro.org/
Al Nofal A, Benkhadra K, Abbas A, et al. A systematic review
supporting the clinical practice guidelines on the management of
preexisting diabetes and pregnancy. | Clin Endocrinol Metab.
2025;110(9):¢2811-¢2832.

Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines:
1. introduction-GRADE evidence profiles and summary of find-
ings tables. | Clin Epidemiol. 2011;64(4):383-394.

Andrews J, Guyatt G, Oxman AD, et al. GRADE guidelines: 14.
Going from evidence to recommendations: the significance and
presentation of recommendations. | Clin Epidemiol. 2013;66(7):
719-728.

Piggott T, Baldeh T, Dietl B, et al. Standardized wording to im-
prove efficiency and clarity of GRADE EtD frameworks in health
guidelines. | Clin Epidemiol. 2022;146:106-122.

Andrews JC, Schiinemann HJ, Oxman AD, et al. GRADE guide-
lines: 15. Going from evidence to recommendation-determinants
of a recommendation’s direction and strength. | Clin Epidemiol.
2013;66(7):726-735.

Kudva YC, Raghinaru D, Lum JW, ez al. A randomized trial of auto-
mated insulin delivery in type 2 diabetes. N Engl | Med.
2025;392(18):1801-1812. https:/doi.org/10.1056/NEJMoa2415948
Guerin A, Nisenbaum R, Ray JG. Use of maternal GHb concentra-
tion to estimate the risk of congenital anomalies in the offspring of
women with prepregnancy diabetes. Diabetes Care. 2007;30(7):
1920-1925.

Miodovnik M, Skillman C, Holroyde JC, Butler JB, Wendel JS,
Siddiqi TA. Elevated maternal glycohemoglobin in early preg-
nancy and spontaneous abortion among insulin-dependent dia-
betic women. Am | Obstet Gynecol. 1985;153(4):439-442.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

World Health Organization. Regional Office for South-East Asia.
Preconception Care. WHO Regional Office for South-East Asia;
2014. https:/iris.who.int/handle/10665/205637

Johnson K, Posner SF, Biermann J, ef al. Recommendations to im-
prove preconception health and health care—United States. A re-
port of the CDC/ATSDR preconception care work group and the
select panel on preconception care. MMWR Recomm Rep.
2006;55(RR-6):1-23.

James PJ S, Younger MD, Hamilton BD, Waisbren SE. Unplanned
pregnancies in young women with diabetes. An analysis of psy-
chosocial factors. Diabetes Care. 1993;16(12):1572-1578.

Steel JM, Johnstone FD, Hepburn DA, Smith AF. Can prepreg-
nancy care of diabetic women reduce the risk of abnormal babies?
BM]. 1990;301(6760):1070-1074.

Bellanca HK, Hunter MS. ONE KEY QUESTION®: preventive
reproductive health is part of high quality primary care.
Contraception. 2013;88(1):3-6.

(ACOG) ASfRMAaACoO. Prepregnancy counseling: committee
opinion no. 762. Fertil Steril. 2019;111(1):32-42.

Schwarz EB, Parisi SM, Williams SL, Shevchik GJ, Hess R.
Promoting safe prescribing in primary care with a contraceptive
vital sign: a cluster-randomized controlled trial. Ann Fam Med.
2012;10(6):516-522.

Dahlberg H, Berg M. The lived experiences of healthcare during
pregnancy, birth, and three months after in women with type 1
diabetes mellitus. Int | Qual Stud Health Well-being. 2020;15(1):
1698496.

Elixhauser A, Weschler JM, Kitzmiller JL, et al. Cost-benefit ana-
lysis of preconception care for women with established diabetes
mellitus. Diabetes Care. 1993;16(8):1146-1157.

Egan AM, Danyliv A, Carmody L, Kirwan B, Dunne FP. A pre-
pregnancy care program for women with diabetes: effective and
cost saving. | Clin Endocrinol Metab. 2016;101(4):1807-18135.
Kotirum S, Kiatpongsan S, Kapol N. Systematic review of eco-
nomic evaluation studies on preconception care interventions.
Health Care Women Int. 2021;42(4-6):503-517.

Peterson C, Grosse SD, Li R, et al. Preventable health and cost bur-
den of adverse birth outcomes associated with pregestational dia-
betes in the United States. Am | Obstet Gynecol. 2015;212(1):
74.e1-74.€9.

Bearak J, Popinchalk A, Ganatra B, et al. Unintended pregnancy
and abortion by income, region, and the legal status of abortion:
estimates from a comprehensive model for 1990-2019. Lancet
Glob Health. 2020;8(9):e1152-e1161.

American College of Obstetricians and Gynecologists” Committee
on Health Care for Underserved Women CEEWG, and
Committee on Ethics. Patient-centered contraceptive counseling:
ACOG committee statement number 1. Obstet Gynecol.
2022;139(2):350-353.

Burgess CK, Henning PA, Norman WV, Manze MG, Jones HE. A
systematic review of the effect of reproductive intention screening
in primary care settings on reproductive health outcomes. Fam
Pract. 2018;35(2):122-131.

Ren M, Shireman H, VanGompel EW, et al. Preconception, inter-
conception, and reproductive health screening tools: a systematic
review. Health Serv Res. 2023;58(2):458-488.

Kohn JR, Hilliard ME, Lyons SK, Fox KA, Kushner JA.
Identifying and addressing gaps in reproductive health education
for adolescent girls with type 1 diabetes. PLoS One.
2018;13(11):0206102.

Abushamat LA, Sayres L, Jeffers R, Nielsen C, Barbour LA,
Zaman A. Unmasking barriers in the delivery of preconception
counseling and contraception provision for patients with type 1
or type 2 diabetes. Clin Diabetes. 2023;41(4):567-572.

Ferketa M, Schueler K, Song B, Carlock F, Stulberg DB, White
VanGompel E. Facilitators of and barriers to successful implemen-
tation of the One Key Question® pregnancy intention screening
tool. Womens Health Rep (New Rochelle). 2022;3(1):326-334.
https:/doi.org/10.1089/whr.2021.0100

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://doi.org/10.1016/s2213-8587(20)30406-x
https://doi.org/10.1016/s2213-8587(20)30406-x
https://book.gradepro.org/
https://www.gradepro.org/
https://doi.org/10.1056/NEJMoa2415948
https://iris.who.int/handle/10665/205637
https://doi.org/10.1089/whr.2021.0100

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Sé.

57.

58.

59.

60.

Stulberg DB, Dahlquist IH, Disterhoft J, Bello JK, Hunter MS.
Increase in contraceptive counseling by primary care clinicians
after implementation of One Key Question® at an Urban
Community Health Center. Matern Child Health ]. 2019;23(8):
996-1002.

Thorman A, Engle A, Brintz B, et al. Quantitative and qualitative
impact of One Key Question on primary care providers’ contra-
ceptive counseling at routine preventive health
Contraception. 2022;109:73-79.

Song B, White VanGompel E, Wang C, ez al. Effects of clinic-level
implementation of One Key Question® on reproductive health
counseling and patient satisfaction. Contraception. 2021;103(1):
6-12.

Murad MH, Liem RI, Lang ES, et al. 2019 sickle cell disease guide-
lines by the American Society of Hematology: methodology, chal-
lenges, and innovations. Blood Adv. 2019;3(23):3945-3950.
Thurheimer ], Sereika SM, Founds S, Downs ],
Charron-Prochownik D. Efficacy of the READY-girls program
on general risk-taking behaviors, condom use, and sexually trans-
mitted infections among young adolescent females with type 1 dia-
betes. Diabetes Educ. 2016;42(6):712-720.

Klingensmith GJ, Pyle L, Nadeau K], ez al. Pregnancy outcomes in
youth with type 2 diabetes: the TODAY study experience.
Diabetes Care. 2016;39(1):122-129.

Hendrieckx C, Morrison M, Audehm R, ez al. Women with type 1
diabetes and women with type 2 diabetes differ in knowledge and
beliefs about contraception and pregnancy. Diabet Med.
2021;38(4):e14521.

Awang Dahlan S, Idris IB, Mohammed Nawi A, Abd Rahman R.
Family planning behaviours among women with diabetes mellitus:
a scoping review. Eur | Med Res. 2024;29(1):41.

Curtis KM, Nguyen AT, Tepper NK, ez al. U.S. Selected practice
recommendations for contraceptive use, 2024. MMWR
Recomm Rep. 2024;73(3):1-77.

Nguyen AT, Curtis KM, Tepper NK, et al. U.S. Medical eligibility
criteria for contraceptive use, 2024. MMWR Recomm Rep.
2024;73(4):1-126.

Skelley JW, Swearengin K, York AL, Glover LH. The impact of tir-
zepatide and glucagon-like peptide 1 receptor agonists on oral
hormonal contraception. | Am Pharm Assoc (2003).
2024;64(1):204-211.¢204.

Caldwell AE, Gorczyca AM, Bradford AP, et al. Effectiveness of
preconception weight loss interventions on fertility in women: a
systematic review and meta-analysis. Fertil Steril. 2024;122(2):
326-340.

Earle S, Tariq A, Komaromy C, et al. Preconception care for wom-
en with type 1 or type 2 diabetes mellitus: a mixed-methods study
exploring uptake of preconception care. Health Technol Assess.
2017;21(14):1-130.

Secura GM, Adams T, Buckel CM, Zhao Q, Peipert JF. Change in
sexual behavior with provision of no-cost contraception. Obstet
Gynecol. 2014;123(4):771-776.

Secura GM, Madden T, McNicholas C, et al. Provision of no-cost,
long-acting contraception and teenage pregnancy. N Engl | Med.
2014;371(14):1316-1323.

Peipert JF, Madden T, Allsworth JE, Secura GM. Preventing unin-
tended pregnancies by providing no-cost contraception. Obstet
Gynecol. 2012;120(6):1291-1297.

Birgisson NE, Zhao Q, Secura GM, Madden T, Peipert JF.
Preventing unintended pregnancy: the contraceptive CHOICE
project in review. | Womens Health (Larchmt). 2015;24(5):
349-353.

McNicholas C, Madden T, Secura G, Peipert JF. The contracep-
tive CHOICE project round up: what we did and what we learned.
Clin Obstet Gynecol. 2014;57(4):635-643.

Winner B, Peipert JF, Zhao Q, et al. Effectiveness of long-acting
reversible contraception. N Engl ] Med. 2012;366(21):
1998-2007.

visits.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

2445

Farah D, Andrade TRM, Di Bella Z, Girio M, Fonseca MCM.
Current evidence of contraceptive uptake, pregnancy and continu-
ation rates in young women: a systematic review and meta-
analysis. Eur | Contracept Reprod Health Care. 2020;25(6):
492-501.

Yin A, Zhou X, Qian X, et al. Integrating a postpartum contra-
ception intervention in the maternal and child health care system
of China: a randomized clinical trial. JAMA Netw Open.
2024;7(12):2450635.

Lang B, Josephy T, Micks E, McCoy E, Prager S. Use of the levo-
norgestrel intrauterine device in women with type 2 diabetes. Clin
Diabetes. 2018;36(3):251-256.

Wahabi HA, Alzeidan RA, Esmaeil SA. Pre-pregnancy care for
women with pre-gestational diabetes mellitus: a systematic review
and meta-analysis. BMC Public Health. 2012;12(1):792.
Wahabi HA, Alzeidan RA, Bawazeer GA, Alansari LA, Esmaeil
SA. Preconception care for diabetic women for improving mater-
nal and fetal outcomes: a systematic review and meta-analysis.
BMC Pregnancy Childbirth. 2010;10(1):63.

Organization WH. WHO Guidelines Approved by the Guidelines
Review Committee. Medical Eligibility Criteria for Contraceptive
Use. World Health Organization, Copyright © World Health
Organization 2015; 2015.

FSRH. UK Medical Eligibility Criteria: For Contraceptive Use.
Faculty of Sexual and Reproductive Healthcare; 2019. https:/
www.fsrh.org/Common/Uploaded %20files/Standards-and-
Guidance/fsrh-ukmec-full-book-2019.pdf

O’Brien SH, Koch T, Vesely SK, Schwarz EB. Hormonal contra-
ception and risk of thromboembolism in women with diabetes.
Diabetes Care. 2017;40(2):233-238.

Sultan AA, Tata L], West ], et al. Risk factors for first venous
thromboembolism around pregnancy: a population-based cohort
study from the United Kingdom. Blood. 2013;121(19):
3953-3961.

Murrin EM, Saad AF, Sullivan S, Miodovnik M. The impact of
pregestational diabetes on maternal morbidity and mortality:
trends, challenges, and future directions. Am ] Perinatol.
Published online ahead of print December 24, 2024. Doi:10.
1055/a-2489-4539

Braillon A. Comment on O’Brien et al. Hormonal contraception
and risk of thromboembolism in women with diabetes. Diabetes
care 2017;40(2):233-238. Diabetes Care. 2017;40(5):e61.
Obesity in pregnancy: ACOG practice bulletin, number 230.
Obstet Gynecol. 2021;137(6):e128-e144.

Curtis KM, Nguyen AT, Tepper NK, et al. U.S. selected practice
recommendations for contraceptive use, 2024. MMWR
Recomm Rep. 2024573(3):1-77.

Le YL, Rahman M, Berenson AB. Early weight gain predicting lat-
er weight gain among depot medroxyprogesterone acetate users.
Obstet Gynecol. 2009;114(2 Pt 1):279-284.

Combined hormonal contraception and the risk of venous
thromboembolism: a guideline. Ferzil Steril. 2017;107(1):43-51.
Horton LG, Simmons KB, Curtis KM. Combined hormonal
contraceptive use among obese women and risk for cardiovascular
events: a systematic review. Contraception. 2016;94(6):590-604.
Traven SA, Farley KX, Gottschalk MB, et al. Combined oral
contraceptive use increases the risk of venous thromboembolism
after knee arthroscopy and anterior cruciate ligament reconstruc-
tion: an analysis of 64,165 patients in the Truven database.
Arthroscopy. 2021;37(3):924-931.

Frey HA, Ashmead R, Farmer A, et al. Association of prepreg-
nancy body mass index with risk of severe maternal morbidity
and mortality among Medicaid beneficiaries. JAMA Netw
Open. 2022;5(6):¢2218986.

Tschirhart H, Landeen ], Yost J, Nerenberg KA, Sherifali D. The
examination and exploration of diabetes distress in pre-existing
diabetes in pregnancy: a mixed-methods study. Can | Diabetes.
2024;48(5):281-289.¢2.

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://www.fsrh.org/Common/Uploaded%20files/Standards-and-Guidance/fsrh-ukmec-full-book-2019.pdf
https://www.fsrh.org/Common/Uploaded%20files/Standards-and-Guidance/fsrh-ukmec-full-book-2019.pdf
https://www.fsrh.org/Common/Uploaded%20files/Standards-and-Guidance/fsrh-ukmec-full-book-2019.pdf
https://doi.org/10.1055/a-2489-4539
https://doi.org/10.1055/a-2489-4539

2446

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

Berg CA, Helgeson VS, Tracy EL, et al. Daily illness appraisal and
collaboration in couples with type 1 diabetes. Health Psychol.
20203;39(8):689-699.

Murphy HR, Temple RC, Ball VE, et al. Personal experiences of
women with diabetes who do not attend pre-pregnancy care.
Diabet Med. 2010;27(1):92-100.

Holing EV, Beyer CS, Brown ZA, Connell FA. Why don’t women
with diabetes plan their pregnancies? Diabetes Care. 1998;21(6):
889-895.

Akbarzadeh M, Yazdanpanahi Z, Zarshenas L, Sharif F. The
women’s perceptions about unwanted pregnancy: a qualitative
study in Iran. Glob | Health Sci. 2015;8(5):189-196.

Johnston EM. Prevalence and Perceptions of Unplanned Births.
The Urban Institute; 2017.

Rocca CH, Harper CC, Raine-Bennett TR. Young women’s per-
ceptions of the benefits of childbearing: associations with contra-
ceptive use and pregnancy. Perspect Sex Reprod Health.
2013;45(1):23-32.

United Nations Population Fund. UNFPA Annual Report. 2015.
https:/www.unfpa.org/annual-report-2015

Frederiksen B, Rae M, Salganicoff A. Out-of-pocket spending for
oral contraceptives among women with private insurance cover-
age after the affordable care act. Contracept X. 2020;2:100036.
Marshall C, Schmittdiel J, Chandra M, Calhoun A, Raine-Bennett
T. The relationship between prescription copayments and contra-
ceptive adherence in a new-user cohort. Med Care. 2018;56(7):
577-582.

O’Neil-Callahan M, Peipert JF, Zhao Q, Madden T, Secura G.
Twenty-four-month continuation of reversible contraception.
Obstet Gynecol. 2013;122(5):1083-1091.

Nuwamanya E, Babigumira JB, Svensson M. Cost-effectiveness of
increased contraceptive coverage using family planning benefits
cards compared with the standard of care for young women in
Uganda. Contracept Reprod Med. 2023;8(1):21.

Ross J, Hardee K, Rosenberg R, Zosa-Feranil L. Inequities in fam-
ily planning in low- and middle-income countries. Glob Health Sci
Pract. 2023;11(3):¢2300070.

Dalton VK, Moniz MH, Bailey MJ, et al. Trends in birth rates after
elimination of cost sharing for contraception by the patient pro-
tection and affordable care act. JAMA Netw Open. 2020;3(11):
€2024398.

Sajid FB, Mughal ZUN, Syed N, et al. Empowering access: the
U.S. first over-the-counter birth control pill revolutionizes contra-
ception. Ann Med Surg (Lond). 2024;86(5):2405-2407.

Brandi K, Upadhya KK, Teal SB. Over-the-counter oral contracep-
tion as an opportunity to reduce contraceptive access inequity.
JAMA. 2023;330(5):407-408.

Key K, Wollum A, Asetoyer C, et al. Challenges accessing contra-
ceptive care and interest in over-the-counter oral contraceptive pill
use among black, indigenous, and people of color: an online cross-
sectional survey. Contraception. 2023;120:109950.

Upadhya KK, Santelli JS, Raine-Bennett TR, Kottke M],
Grossman D. Over-the-counter access to oral contraceptives for
adolescents. | Adolesc Health. 2017;60(6):634-640.

Dam A, Yeh PT, Burke AE, Kennedy CE. Contraceptive values
and preferences of pregnant women, postpartum women, women
seeking emergency contraceptives, and women seeking abortion
services: a systematic review. Contraception. 2022;111:39-47.
Alspaugh A, Barroso ], Reibel M, Phillips S. Women’s contracep-
tive perceptions, beliefs, and attitudes: an integrative review of
qualitative research. | Midwifery Womens Health. 2020;65(1):
64-84.

Ti A, Soin K, Rahman T, Dam A, Yeh PT. Contraceptive values
and preferences of adolescents and young adults: a systematic re-
view. Contraception. 2022;111:22-31.

Britton LE, Arcia A, Kaur G, Sontan O, Marshall CJ, George M.
“A patient should not have to ask”: women’s experiences of pa-
tient education about preconception care for type 2 diabetes.
Patient Educ Couns. 2023;112:107739.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Hu D, Tang Y, Pei K. Strategies for improving postpartum contra-
ception compared with routine maternal care: a systematic review
and meta-analysis. Int | Public Health. 2023;68:1605564.
Rodriguez MI, Edelman AB, Skye M, Anderson L, Darney BG.
Association of pharmacist prescription with dispensed duration
of hormonal contraception. JAMA Netw Open. 2020;3(5):
€205252.

Rodriguez MI, Manibusan B, Kaufman M, McConnell K]J.
Association of pharmacist prescription of contraception with
breaks in coverage. Obstet Gynecol. 2022;139(5):781-787.
Elwyn G, Frosch D, Thomson R, ez al. Shared decision making: a
model for clinical practice. | Gen Intern Med. 2012;27(10):
1361-1367.

American Diabetes Association Professional Practice Committee.
9. Pharmacologic approaches to glycemic treatment: standards
of care in diabetes-2025. Diabetes Care. 2025;48(Suppl_1):
$181-S206. https:/doi.org/10.2337/dc25-S009

Salamun V, Jensterle M, Janez A, Vrtacnik Bokal E. Liraglutide in-
creases IVF pregnancy rates in obese PCOS women with poor re-
sponse to first-line reproductive treatments: a pilot randomized
study. Eur | Endocrinol. 2018;179(1):1-11.

Liu X, Zhang Y, Zheng SY, et al. Efficacy of exenatide on weight
loss, metabolic parameters and pregnancy in overweight/obese
polycystic ovary syndrome. Clin Endocrinol (Oxf). 2017;87(6):
767-774.

Nordisk N. Ogzempic (Semaglutide) [package insert]. Novo
Nordisk Inc.; 2025.

Lilly E. Trulicity (Dulaglutide) [package insert]. Eli Lilly; 2025.
Nordisk N. VICTOZA (Liraglutide) [package insert]. Novo
Nordisk Inc.; 2025.

le Roux CW, Astrup A, Fujioka K, et al. 3 years of liraglutide ver-
sus placebo for type 2 diabetes risk reduction and weight manage-
ment in individuals with prediabetes: a randomised, double-blind
trial. Lancet. 2017;389(10077):1399-1409.

Wilding JPH, Batterham RL, Davies M, et al. Weight regain and
cardiometabolic effects after withdrawal of semaglutide: the
STEP 1 trial extension. Diabetes Obes Metab. 2022;24(8):
1553-1564.

Maya J, Pant D, James K, et al. 1214-P: prepregnancy use of
glucagon-like peptide 1 receptor agonists and gestational weight
gain in type 2 diabetes. Diabetes. 2024;73(Suppl 1):1214-P.
Reece EA, Homko CJ, Wu YK. Multifactorial basis of the syn-
drome of diabetic embryopathy. Teratology. 1996;54(4):
171-182.

Cesta CE, Rotem R, Bateman BT, et al. Safety of GLP-1 receptor
agonists and other second-line antidiabetics in early pregnancy.
JAMA Intern Med. 2024;184(2):144-152.

Muller DRP, Stenvers D], Malekzadeh A, Holleman F, Painter
RC, Siegelaar SE. Effects of GLP-1 agonists and SGLT2 inhibitors
during pregnancy and lactation on offspring outcomes: a system-
atic review of the evidence. Fromt Endocrinol (Lausanne).
2023;14:1215356.

Dumolt JH, Rosario FJ, Kramer AC, Horwitz S, Powell TL,
Jansson T. Maternal glucagon-like peptide-1 is positively associ-
ated with fetal growth in pregnancies complicated with obesity.
Clin Sci (Lond). 2023;137(8):663-678.

Dao K, Shechtman S, Weber-Schoendorfer C, et al. Use of GLP1
receptor agonists in early pregnancy and reproductive safety: a
multicentre, observational, prospective cohort study based on
the databases of six teratology information services. BM] Open.
2024;14(4):e083550.

Minis E, Stanford FC, Mahalingaiah S. Glucagon-like peptide-1
receptor agonists and safety in the preconception period. Curr
Opin Endocrinol Diabetes Obes. 2023;30(6):273-279.
Alghamdi A, Alsaeddi A, Malki H, Alsaedi A. A case report of a
pregnant woman with type 2 diabetes mellitus using dulaglutide
during the first trimester of pregnancy. Cureus. 2023;15(9):
e44644.

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://www.unfpa.org/annual-report-2015
https://doi.org/10.2337/dc25-S009

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Dogan § E, Kuskonmaz § M, Koc G, Aypar E, Culha C. Case ser-
ies: exposure to glucagon-like peptide-1 receptor agonist in the
first trimester of pregnancy in two siblings. Endocr Metab
Immune Disord Drug Targets. 2024;24(10):1237-1239.

Burlina S, Dalfra MG, Caprino R, Lapolla A. A case report on use
of dulaglutide during the first weeks of pregnancy in woman af-
fected by type 2 diabetes mellitus. Acta Diabetol. 2023;60(1):
137-138.

Greco D. Normal pregnancy outcome after first-trimester expos-
ure to liraglutide in a woman with type 2 diabetes. Diabet Med.
2015;32(10):¢29-¢30.

Ivanisevic M, Herman M, Horvaticek M, Vuci¢ Lovrencic M,
Pelmis J. Pregnancy outcome and liraglutide levels in serum and
umbilical vein blood of a woman with type 2 diabetes. A case re-
port. Gynaecol perinatol. 2018;27(3-4):70-72.

Skov K, Mandic IN, Nyborg KM. Semaglutide and pregnancy. Int
J Gynaecol Obstet. 2023;163(2):699-700.

Williams J, Pomeroy NE, Pop-Busui R, et al. Case report: exena-
tide use during pregnancy. Endocrinologist. 2009;19(3):119-121.
Ceulemans M, Lupattelli A, Nordeng H, Odalovic M, Twigg M,
Foulon V. Women’s beliefs about medicines and adherence to
pharmacotherapy in pregnancy: opportunities for community
pharmacists. Curr Pharm Des. 2019;25(5):469-482.

Erickson ML, Mey JT, Axelrod CL, et al. Rationale and study de-
sign for lifestyle intervention in preparation for pregnancy (LIPP):
a randomized controlled trial. Contemp Clin Trials. 2020;94:
106024.

Rossen L, Hamilton E B, Abma ] CWE, et al. Updated method-
ology to estimate overall and unintended pregnancy rates in the
United States. National Center for Health Statistics. Vital Health
Stat. 2023;2(201):15

American College of Obstetricians and Gynecologists’ Committee
on Practice Bulletins—Obstetrics. ACOG practice bulletin no. 201:
pregestational diabetes mellitus. Obstet Gynecol. 2018;132(6):
€228-e248. https:/doi.org/10.1097/A0G.0000000000002960
Cesta CE, Cohen JM, Pazzagli L, et al. Antidiabetic medication use
during pregnancy: an international utilization study. BM] Open
Diabetes Res Care. 2019;7(1):e000759.

Guo L, Ma J, Tang J, Hu D, Zhang W, Zhao X. Comparative ef-
ficacy and safety of metformin, glyburide, and insulin in treating
gestational diabetes mellitus: a meta-analysis. | Diabetes Res.
2019;2019:9804708.

Martis R, Crowther CA, Shepherd E, Alsweiler J, Downie MR,
Brown J. Treatments for women with gestational diabetes melli-
tus: an overview of cochrane systematic reviews. Cochrane
Database Syst Rev. 2018;8(8):Cd012327.

Barbour LA, Scifres C, Valent AM, et al. A cautionary response to
SMFM statement: pharmacological treatment of gestational dia-
betes. Am | Obstet Gynecol. 2018;219(4):367.e1-367.€7.

Feig DS. Epidemiology and therapeutic strategies for women
with preexisting diabetes in pregnancy: how far have we come?
The 2021 Norbert Freinkel award lecture. Diabetes Care.
2022;45(11):2484-2491.

Fu J, Tabbara N, Tomlinson G, Murphy KE, Hamilton J, Feig DS.
Intrauterine metformin exposure and adiposity outcomes in chil-
dren: a systematic review and meta-analysis. BMJ] Open.
2025;15(1):088653.

Hanem LGE, Salvesen &, Juliusson PB, et al. Intrauterine metfor-
min exposure and offspring cardiometabolic risk factors (PedMet
study): a 5-10 year follow-up of the PregMet randomised con-
trolled trial. Lancet Child Adolesc Health. 2019;3(3):166-174.
Paavilainen E, Niinikoski H, Parkkola R, et al. Metformin versus
insulin for gestational diabetes: adiposity variables and adipocyto-
kines in offspring at age of 9 years. Diabetes Res Clin Pract.
2023;202:110780.

Rowan JA, Rush EC, Plank LD, et al. Metformin in gestational
diabetes: the offspring follow-up (MiG TOFU): body composition
and metabolic outcomes at 7-9 years of age. BMJ Open Diabetes
Res Care. 2018;6(1):c000456.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

2447

Barbour LA, Feig DS. Metformin for gestational diabetes mellitus:
progeny, perspective, and a personalized approach. Diabetes
Care. 2019;42(3):396-399.

Bolte E, Dean T, Garcia B, et al. Initiation of metformin in early
pregnancy results in fetal bioaccumulation, growth restriction,
and renal dysmorphology in a primate model. Am | Obstet
Gynecol. 2024;231(3):352.¢1-352.¢16.

Paschou SA, Shalit A, Gerontiti E, ez al. Efficacy and safety of met-
formin during pregnancy: an update. Endocrine. 2024;83(2):
259-269.

Given JE, Loane M, Garne E, et al. Metformin exposure in first tri-
mester of pregnancy and risk of all or specific congenital anomal-
ies: exploratory case-control study. BMJ. 2018;361:k2477.
Boggess KA, Valint A, Refuerzo JS, et al. Metformin plus insulin
for preexisting diabetes or gestational diabetes in early pregnancy:
the MOMPOD randomized clinical trial. JAMA. 2023;330(22):
2182-2190.

Feig DS, Donovan LE, Zinman B, et al. Metformin in women with
type 2 diabetes in pregnancy (MiTy): a multicentre, international,
randomised, placebo-controlled trial. Lancet Diabetes Endocrinol.
2020;8(10):834-844.

Tarry-Adkins JL, Aiken CE, Ozanne SE. Neonatal, infant, and
childhood growth following metformin versus insulin treatment
for gestational diabetes: a systematic review and meta-analysis.
PLoS Med. 2019;16(8):¢1002848.

Yland JJ, Huybrechts KF, Wesselink AK, et al. Perinatal outcomes
associated with metformin use during pregnancy in women with
pregestational type 2 diabetes mellitus. Diabetes Care. 2024;47:
1688-1695S.

Feig DS, Sanchez JJ, Murphy KE, et al. Outcomes in children of
women with type 2 diabetes exposed to metformin versus placebo
during pregnancy (MiTy kids): a 24-month follow-up of the MiTy
randomised controlled trial. Lancet Diabetes Endocrinol.
2023;11(3):191-202.

Dutta D, Sharma M, Nagendra L, Bhattacharya S, Mohindra R,
Yajnik CS. Long-term impact on offspring (5 to 11 years of age)
of metformin use in pregnancy in mothers with diabetes: a system-
atic review and meta-analysis. Endocr Pract. 2024;30(9):854-862.
Schoonejans JM, Blackmore HL, Ashmore TJ, et al. Sex-specific ef-
fects of maternal metformin intervention during glucose-intolerant
obese pregnancy on body composition and metabolic health in aged
mouse offspring. Diabetologia. 2022;65(12):2132-2145.

Lindsay RS, Loeken MR. Metformin use in pregnancy: promises
and uncertainties. Diabetologia. 2017;60(9):1612-1619.

Feig DS, Zinman B, Asztalos E, et al. Determinants of small for
gestational age in women with type 2 diabetes in pregnancy:
who should receive metformin? Diabetes Care. 2022;45(7):
1532-1539.

Ainuddin JA, Karim N, Zaheer S, Ali SS, Hasan AA. Metformin
treatment in type 2 diabetes in pregnancy: an active controlled,
parallel-group, randomized, open label study in patients with
type 2 diabetes in pregnancy. | Diabetes Res. 2015;2015:325851.
Ringholm L, Nergaard SK, Rytter A, Damm P, Mathiesen ER.
Dietary advice to support glycaemic control and weight manage-
ment in women with type 1 diabetes during pregnancy and breast-
feeding. Nutrients. 2022;14(22):4867.

Hill AJ, Patterson CC, Young IS, Holmes VA, McCance DR.
Carbohydrate quantity is more closely associated with glycaemic
control than weight in pregnant women with type 1 diabetes: in-
sights from the diabetes and pre-eclampsia intervention trial
(DAPIT). ] Hum Nutr Diet. 2022;35(6):1115-1123.

Stamati A, Sotiriou G, Karagiannis T, Christoforidis A. Efficacy
and safety of carbohydrate restriction in patients with type 1 dia-
betes: a systematic review and meta-analysis. Diabetes Obes
Metab. 2023;25(9):2770-2773.

Turton JL, Raab R, Rooney KB. Low-carbohydrate diets for type
1 diabetes mellitus: a systematic review. PLoS One. 2018;13(3):
e0194987.

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://doi.org/10.1097/AOG.0000000000002960

2448

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

Apekey TA, Maynard M]J, Kittana M, Kunutsor SK. Comparison
of the effectiveness of low carbohydrate versus low fat diets, in
type 2 diabetes: systematic review and meta-analysis of random-
ized controlled trials. Nutrients. 2022;14(20):4391.

Ichikawa T, Okada H, Hironaka J, et al. Efficacy of long-term low
carbohydrate diets for patients with type 2 diabetes: a systematic
review and meta-analysis. | Diabetes Investig. 2024;15(10):
1410-1421.

American Diabetes Association Professional Practice Committee.
15. Management of diabetes in pregnancy: standards of care in
diabetes-2024. Diabetes Care. 2024;47(Suppl_1):5282-S294.
https:/doi.org/10.2337/dc24-S015

Hernandez TL, Rozance PJ. Re-examination of the estimated
average requirement for carbohydrate intake during pregnancy:
addition of placental glucose consumption. Am | Clin Nutr.
2023;117(2):227-234.

Thayer SM, Williams KJ, Lawlor ML. The role of technology in
the care of diabetes mellitus in pregnancy: an expert review.
AJOG Glob Rep. 2023;3(3):100245.

Landau BR, Wahren J, Chandramouli V, Schumann WC, Ekberg
K, Kalhan SC. Contributions of gluconeogenesis to glucose pro-
duction in the fasted state. | Clin Invest. 1996;98(2):378-385.
Rothman DL, Magnusson I, Katz LD, Shulman RG, Shulman GI.
Quantitation of hepatic glycogenolysis and gluconeogenesis in
fasting humans with 13C NMR. Science. 1991;254(5031):
573-576.

Felig P, Lynch V. Starvation in human pregnancy: hypoglycemia,
hypoinsulinemia, and hyperketonemia. Science. 1970;170(3961):
990-992.

Kitabchi AE, Umpierrez GE, Murphy MB, et al. Management of
hyperglycemic crises in patients with diabetes. Diabetes Care.
2001;24(1):131-153.

Ringholm L, Damm P, Mathiesen ER. Improving pregnancy out-
comes in women with diabetes mellitus: modern management.
Nat Rev Endocrinol. 2019;15(7):406-416.

Chen TY, Smith W, Rosenstock JL, Lessnau KD. A life-threatening
complication of atkins diet. Lancet. 2006;367(9514):958.

Tanner HL, Ng HT, Murphy G, et al. Habitual carbohydrate in-
take is not correlated with circulating beta-hydroxybutyrate levels
in pregnant women with overweight and obesity at 28 weeks’ ges-
tation. Diabetologia. 2024;67(2):346-355.

Khammarnia M, Ansari-Moghaddam A, Kakhki FG, Clark CCT,
Barahouei FB. Maternal macronutrient and energy intake during
pregnancy: a systematic review and meta-analysis. BMC Public
Health. 2024;24(1):478.

Rizzo T, Metzger BE, Burns W], Burns K. Correlations between
antepartum maternal metabolism and intelligence of offspring.
N Engl ] Med. 1991;325(13):911-916.

Shaw GM, Yang W. Women’s periconceptional lowered carbohy-
drate intake and NTD-affected pregnancy risk in the era of prefor-
tification with folic acid. Birth Defects Res. 2019;111(5):248-253.
Shaw GM, Yang W, Weber KA, Olshan AF, Desrosiers TA;
National Birth Defects Prevention Study. A search for factors as-
sociated with reduced carbohydrate intake and NTD risk in two
population-based studies. Birth Defects Res. 2024;116(3):e2328.
Desrosiers TA, Siega-Riz AM, Mosley BS, Meyer RE; National
Birth Defects Prevention Study. Low carbohydrate diets may in-
crease risk of neural tube defects. Birth Defects Res. 2018;
110(11):901-909.

Kuk JL, Daniels SB, Ardern CI, Pooni R. Changes in the preva-
lence of U.S. Adults using diet, exercise, pharmaceuticals and
diet products for weight loss over time: analysis of NHANES
1999-2018. PLoS One. 2023;18(10):e0292810.

McManus RM, Bouwmeester A, Hinz L, Caraiscos VB, Nairn J,
Giroux I. Costs of recalled and recommended diets for pregnant
women with type 1, type 2 and gestational diabetes. Can |
Diabetes. 2013;37(5):301-304.

Neoh SL, Grisoni JA, Feig DS, Murphy HR, Group CC. Dietary
intakes of women with type 1 diabetes before and during

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

pregnancy: a pre-specified secondary subgroup analysis among
CONCEPTT participants. Diabet Med. 2020;37(11):1841-1848.
Neoh SL, Yamamoto JM, Feig DS, Murphy HR, Group CC.
Dietary patterns of insulin pump and multiple daily injection users
during type 1 diabetes pregnancy. Diabetes Care. 2020;43(1):
e5-e7.

Roskjar AB, Asbjornsdéttir B, Tetens I, Larnkjer A, Molgaard C,
Mathiesen ER. Dietary intake of carbohydrates in pregnant wom-
en with type 1 diabetes-A narrative review. Food Sci Nutr.
2021;9(1):17-24.

Asbjornsdéttir B, Ronneby H, Vestgaard M, et al. Lower daily
carbohydrate consumption than recommended by the institute
of medicine is common among women with type 2 diabetes in
early pregnancy in Denmark. Diabetes Res Clin Pract.
2019;152:88-95.

Michalopoulou M, Jebb SA, MacKillop LH, et al. REduced-
Carbohydrate intervention for managing Obesity and Reduction
of gestational Diabetes (RECORD): a randomized controlled
feasibility trial. Diabetes Obes Metab. 2024;26(4):1407-1420.
Mijatovic J, Louie JCY, Buso MEC, ef al. Effects of a modestly
lower carbohydrate diet in gestational diabetes: a randomized
controlled trial. Am J Clin Nutr. 2020;112(2):284-292.
Moreno-Castilla C, Hernandez M, Bergua M, et al. Low-carbohy-
drate diet for the treatment of gestational diabetes mellitus: a
randomized controlled trial. Diabetes Care. 2013;36(8):2233-2238.
Han S, Middleton P, Shepherd E, Van Ryswyk E, Crowther CA.
Different types of dietary advice for women with gestational
diabetes mellitus. Cochrane Database Syst Rev. 2017;2(2):
CD009275.

Wong MMH, Yuen-Man Chan M, Ng TP, Louie JCY. Impact of
carbohydrate quantity and quality on maternal and pregnancy
outcomes in gestational diabetes mellitus: a systematic review
and meta-analysis. Diabetes Metab Syndr. 2024;18(1):102941.
Sweeting A, Mijatovic J, Brinkworth GD, et al. The carbohydrate
threshold in pregnancy and gestational diabetes: how low can we
go? Nutrients. 2021;13(8):2599.

Holmes VA, Young IS, Patterson CC, et al. Optimal glycemic con-
trol, pre-eclampsia, and gestational hypertension in women with
type 1 diabetes in the diabetes and pre-eclampsia intervention tri-
al. Diabetes Care. 2011;34(8):1683-1688.

Caut C, Leach M, Steel A. Dietary guideline adherence during pre-
conception and pregnancy: a systematic review. Matern Child
Nutr. 2020;16(2):e12916.

Pedroni C, Castetbon K, Desbouys L, Vandevijvere S. Modelling
the cost differential between current and healthy diets according
to household education level in Belgium. Int | Food Sci Nutr.
2024;75(8):882-897.

Peng TY, Ehrlich SF, Crites Y, et al. Trends and racial and ethnic
disparities in the prevalence of pregestational type 1 and type 2
diabetes in northern California: 1996-2014. Am ] Obstet
Gynecol. 2017;216(2):177.e1-177.¢8.

Balsells M, Garcia-Patterson A, Gich I, Corcoy R. Maternal and
fetal outcome in women with type 2 versus type 1 diabetes melli-
tus: a systematic review and metaanalysis. | Clin Endocrinol
Metab. 2009;94(11):4284-4291.

Clausen TD, Mathiesen E, Ekbom P, Hellmuth E,
Mandrup-Poulsen T, Damm P. Poor pregnancy outcome in wom-
en with type 2 diabetes. Diabetes Care. 2005;28(2):323-328.
Cundy T, Gamble G, Neale L, et al. Differing causes of pregnancy
loss in type 1 and type 2 diabetes. Diabetes Care. 2007;30(10):
2603-2607.

Drables M, Risstad H, Alnzs-Katjavivi P, Qvigstad E. Pregnancy
outcomes in type 2 versus type 1 diabetes: systematic review with
meta-analyses. Endocr Connect. 2024;13(12):¢240066.

Kapur A, McIntyre HD, Hod M. Type 2 diabetes in pregnancy.
Endocrinol Metab Clin North Am. 2019;48(3):511-531.
Mackin ST, Nelson SM, Wild SH, Colhoun HM, Wood R,
Lindsay RS. Factors associated with stillbirth in women with dia-
betes. Diabetologia. 2019;62(10):1938-1947.

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://doi.org/10.2337/dc24-S015

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

Yamamoto JM, Murphy HR. Treating to target glycaemia in type
2 diabetes pregnancy. Curr Diabetes Rev. 2023;19(2):
e010222200742.

American Diabetes Association Professional Practice Committee.
Introduction and methodology: standards of care in diabetes—
2025. Diabetes Care. 2024;48(Suppl 1):S1-S5.

Secher AL, Ringholm L, Andersen HU, Damm P, Mathiesen ER.
The effect of real-time continuous glucose monitoring in diabetic
pregnancy—a randomised controlled trial. Diabetologia.
2012;55:2012-2010.

Voormolen DN, DeVries JH, Sanson RME, et al. Continuous glu-
cose monitoring during diabetic pregnancy (GlucoMOMS): a
multicentre randomized controlled trial. Diabetes Obes Metab.
2018;20(8):1894-1902.

Murphy HR, Rayman G, Lewis K, et al. Effectiveness of continu-
ous glucose monitoring in pregnant women with diabetes: rando-
mised clinical trial. BMJ. 2008;337:a1680.

Secher AL, Ringholm L, Andersen HU, Damm P, Mathiesen ER.
The effect of real-time continuous glucose monitoring in pregnant
women with diabetes: a randomized controlled trial. Diabetes
Care. 2013;36(7):1877-1883.

Rademaker D, van der Wel AWT, van Eekelen R, et al
Continuous glucose monitoring metrics and pregnancy outcomes
in insulin-treated diabetes: a post-hoc analysis of the GlucoMOMS
trial. Diabetes Obes Metab. 2023;25(12):3798-3806.

Wyckoff JA, Brown FM. Time in range in pregnancy: is there a
role? Diabetes Spectr. 2021;34(2):119-132.

Padgett CE, Ye Y, Champion ML, ez al. Continuous glucose mon-
itoring for management of type 2 diabetes and perinatal outcomes.
Obstet Gynecol. 2024;144(5):677-683.

Sanusi AA, Xue Y, Mcllwraith C, et al. Association of continuous
glucose monitoring metrics with pregnancy outcomes in patients
with preexisting diabetes. Diabetes Care. 2024;47(1):89-96.
Rizos EC, Markozannes G, Charitakis N, et al. Continuous glu-
cose monitoring in type 1 diabetes, type 2 diabetes, and diabetes
during pregnancy: a systematic review with meta-analysis of
randomized controlled trials. Diabetes Technol Ther. Published
online ahead of print March 6, 2025. https://doi.org/10.1089/
dia.2024.0599

Jancev M, Vissers T, Visseren FL], et al. Continuous glucose mon-
itoring in adults with type 2 diabetes: a systematic review and
meta-analysis. Diabetologia. 2024;67(5):798-810.

Reaven PD, Newell M, Rivas S, Zhou X, Norman GJ, Zhou JJ.
Initiation of continuous glucose monitoring is linked to improved
glycemic control and fewer clinical events in type 1 and type 2 dia-
betes in the Veterans Health Administration. Diabetes Care.
2023;46(4):854-863.

Battarbee AN, Sauer SM, Sanusi A, Fulcher I. Discrete glucose
profiles identified using continuous glucose monitoring data and
their association with adverse pregnancy outcomes. Am | Obstet
Gynecol. 2024;231(1):122.e1-122.€9.

McLean A, Barr E, Tabuai G, Murphy HR, Maple-Brown L.
Continuous glucose monitoring metrics in high-risk pregnant
women with type 2 diabetes. Diabetes Technol Ther.
2023;25(12):836-844.

McLean A, Sinha A, Barr E, Maple-Brown L. Feasibility and ac-
ceptability of intermittently scanned continuous glucose monitor-
ing for women with type 2 diabetes in pregnancy. | Diabetes Sci
Technol. 2023;17(1):256-258.

Wilkie G, Melnik V, Brainard L, et al. Continuous glucose moni-
tor use in type 2 diabetes mellitus in pregnancy and perinatal out-
comes: a systematic review and meta-analysis. Am | Obstet
Gynecol MFM. 2023;5(7):100969.

McLean A, Maple-Brown L, Murphy HR. Technology advances
in diabetes pregnancy: right technology, right person, right time.
Diabetologia. 2024;67(10):2103-2113.

Durnwald C, Beck RW, Li Z, et al. Continuous glucose
monitoring-derived differences in pregnancies with and without

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

2449

adverse perinatal outcomes. Obstet Gynecol. 2024;144(5):
684-696.

Szmuilowicz ED, Barbour L, Brown FM, ez al. Continuous glucose
monitoring metrics for pregnancies complicated by diabetes: crit-
ical appraisal of current evidence. | Diabetes Sci Technol.
2024;18(4):819-834.

Battelino T, Danne T, Bergenstal RM, et al. Clinical targets for
continuous glucose monitoring data interpretation: recommenda-
tions from the international consensus on time in range. Diabetes
Care. 2019;42(8):1593-1603.

Barbour LA, Hernandez TL. Maternal non-glycemic contributors
to fetal growth in obesity and gestational diabetes: spotlight on
lipids. Curr Diab Rep. 2018;18(6):37.

Murphy H, Scott E, Collett C, Team DS. Continuous Glucose
Monitoring Amongst Pregnant Women With Early-Onset Type
2 Diabetes. UK’s Clinical Study Registry. 2023.

Venkatesh K. Successfully Achieving and Maintaining Euglycemia
During Pregnancy for Type 2 Diabetes Through Technology and
Coaching. Clinicaltrialsgov. 2025.

Levy CJ, Foster NC, DuBose SN, et al. Changes in device uptake
and glycemic control among pregnant women with type 1 dia-
betes: data from the T1D exchange. | Diabetes Sci Technol.
2021;15(6):1297-1302.

Feig DS, Corcoy R, Donovan LE, et al. Pumps or multiple daily in-
jections in pregnancy involving type 1 diabetes: a prespecified ana-
lysis of the CONCEPTT randomized trial. Diabetes care.
2018;41(12):2471-2479. Diabetes Care. 2019;42(6):E98-E99.
Kristensen K, Ogge LE, Sengpiel V, et al. Continuous glucose
monitoring in pregnant women with type 1 diabetes: an observa-
tional cohort study of 186 pregnancies. Diabetologia. 2019;62(7):
1143-1153.

Murphy HR. Continuous glucose monitoring targets in type 1 dia-
betes pregnancy: every 5% time in range matters. Diabetologia.
2019;62(7):1123-1128.

Abell SK, Boyle JA, de Courten B, et al. Impact of type 2 diabetes,
obesity and glycaemic control on pregnancy outcomes. Aust N Z |
Obstet Gynaecol. 2017;57(3):308-314.

Combs CA, Gunderson E, Kitzmiller JL, Gavin LA, Main EK.
Relationship of fetal macrosomia to maternal postprandial glu-
cose control during pregnancy. Diabetes Care. 1992;15(10):
1251-1257.

Cyganek K, Skupien J, Katra B, et al. Risk of macrosomia remains
glucose-dependent in a cohort of women with pregestational type
1 diabetes and good glycemic control. Endocrine. 2017;55(2):
447-455.

de Veciana M, Major CA, Morgan MA, et al. Postprandial versus
preprandial blood glucose monitoring in women with gestational
diabetes mellitus requiring insulin therapy. N Engl ] Med.
1995;333(19):1237-1241.

Feig DS, Murphy HR. Continuous glucose monitoring in pregnant
women with type 1 diabetes: benefits for mothers, using pumps or
pens, and their babies. Diabet Med. 2018;35(4):430-435.

Feig DS, Scott EM. Optimizing patient outcomes in pregnancy:
what continuous glucose monitoring metrics should we be aiming
for? Diabetes Care. 2024;47(1):54-55.

Jovanovic-Peterson L, Peterson CM, Reed GF, et al. Maternal
postprandial glucose levels and infant birth weight: the diabetes
in early pregnancy study. The National Institute of Child Health
and Human Development—diabetes in early pregnancy study.
Am | Obstet Gynecol. 1991;164(1):103-111.
Langer O, Mazze R. The relationship
large-for-gestational-age infants and glycemic control in women
with gestational diabetes. Am | Obstet Gynecol. 1988;159(6):
1478-1483.

Law GR, Alnaji A, Alrefaii L, et al. Suboptimal nocturnal glucose
control is associated with large for gestational age in treated ges-
tational diabetes mellitus. Diabetes Care. 2019;42(5):810-815.
Manderson JG, Patterson CC, Hadden DR, Traub Al, Ennis C,
McCance DR. Preprandial versus postprandial blood glucose

between

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://doi.org/10.1089/dia.2024.0599
https://doi.org/10.1089/dia.2024.0599

2450

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

monitoring in type 1 diabetic pregnancy: a randomized controlled
clinical trial. Am | Obstet Gynecol. 2003;189(2):507-512.

Mou SS, Gillies C, Hu ], et al. Association between HbAlc¢ levels
and fetal macrosomia and large for gestational age babies in wom-
en with gestational diabetes mellitus: a systematic review and
meta-analysis of 17,711 women. | Clin Med. 2023;12(11):3852.
Nielsen GL, Mgller M, Serensen HT. Hbalc in early diabetic
pregnancy and pregnancy outcomes: a Danish population-based
cohort study of 573 pregnancies in women with type 1 diabetes.
Diabetes Care. 2006529(12):2612-2616.

Nisar MI, das S, Khanam R, et al. Early to mid-pregnancy HbA1c
levels and its association with adverse pregnancy outcomes in
three low middle-income countries in Asia and sub-saharan
Africa. BMC Pregnancy Childbirth. 2024;24(1):66.

Parfitt V], Clark JD, Turner GM, Hartog M. Maternal postpran-
dial blood glucose levels influence infant birth weight in diabetic
pregnancy. Diabetes Res. 1992;19(3):133-135.

Seholm JC, Nergaard SK, Nergaard K, et al. Mean glucose and
gestational weight gain as predictors of large-for-gestational-age
infants in pregnant women with type 1 diabetes using continuous
glucose monitoring. Diabetes Technol Ther. 2024;26(8):536-546.
Suhonen L, Hiilesmaa V, Teramo K. Glycaemic control during
early pregnancy and fetal malformations in women with type I dia-
betes mellitus. Diabetologia. 2000;43(1):79-82.

Yang Y, Lin Q, Ma L, et al. Maternal fasting glucose levels
throughout the pregnancy and risk of adverse birth outcomes in
newborns: a birth cohort study in Foshan city, Southern China.
Eur | Endocrinol. 2023;188(1):101-108.

Zurawska-Klis M, Czarnik K, Szymczak S, Wéjcik M, Cypryk K.
1-Hour postprandial glucose target of<120 mg/dL is superior
to<140 mg/dL in the treatment for gestational diabetes mellitus
in relation to pregnancy outcomes: a retrospective study. Acta
Diabetol. 2021;58(5):665-668.

Scott EM, Murphy HR, Kristensen KH, et al. Continuous glucose
monitoring metrics and birth weight: informing management of
type 1 diabetes throughout pregnancy. Diabetes Care.
2022;45(8):1724-1734.

Sibiak R, Mantaj U, Gutaj P, Zozulifiska-Zi6tkiewicz D,
Wender-Ozegowska E. Continuous glucose monitoring parame-
ters in pregnancy-related complications in patients with type 1 dia-
betes: a retrospective cohort study. Pol Arch Intern Med.
2023;133(11):16501.

Yamamoto JM, Corcoy R, Donovan LE, ez al. Maternal glycaemic
control and risk of neonatal hypoglycaemia in type 1 diabetes
pregnancy: a secondary analysis of the CONCEPTT trial.
Diabet Med. 2019;36(8):1046-1053.

Feig DS, Asztalos E, Corcoy R, et al. CONCEPTT: continuous
glucose monitoring in women with type 1 diabetes in pregnancy
trial: a multi-center, multi-national, randomized controlled trial
—study protocol. BMC Pregnancy Childbirth. 2016;16(1):167.
Meek CL, Tundidor D, Feig DS, ef al. Novel biochemical markers
of glycemia to predict pregnancy outcomes in women with type 1
diabetes. Diabetes Care. 2021;44(3):681-689.

Middleton P, Crowther CA, Simmonds L. Different intensities of
glycaemic control for pregnant women with pre-existing diabetes.
Cochrane Database Syst Rev. 2016;2016(5):CD008540.

Ling P, Yang D, Wang C, et al. Basal hyperglycemia contributes
more than 50% to time in range in pregnant women with type 1
diabetes. ] Clin Endocrinol Metab. 2024;109(12):3264-3271.
Lee TTM, Collett C, Bergford S, ez al. Automated insulin delivery
in women with pregnancy complicated by type 1 diabetes. N Engl
J Med. 2023;389(17):1566-1578.

Aggarwal A, Pathak S, Goyal R. Clinical and economic outcomes
of continuous glucose monitoring system (CGMS) in patients with
diabetes mellitus: a systematic literature review. Diabetes Res Clin
Pract. 2022;186:109825.

Blissett R, Blissett D, Levrat-Guillen F, et al. FreeStyle libre flash
glucose monitoring system for people with type 1 diabetes in the

253.

254.

25S.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

UK: a budget impact analysis. BM] Open Diabetes Res Care.
2022;10(2):e002580.

Gill M, Zhu C, Shah M, Chhabra H. Health care costs, hospital
admissions, and glycemic control using a standalone, real-time,
continuous glucose monitoring system in commercially insured
patients with type 1 diabetes. | Diabetes Sci Technol.
2018;12(4):800-807.

Murphy HR, Feig D, Patel N. Continuous glucose monitoring in
pregnant women with type 1 diabetes: cost-effectiveness analyses
of the conceptt randomized controlled trial. Diabetes.
2019;68(Suppl 1):2019-2006.

Sekhon J, Graham D, Mehrotra C, Li I. Continuous glucose mon-
itoring: a cost-effective tool to reduce pre-term birth rates in wom-
en with type one diabetes. Aust N Z | Obstet Gynaecol. 2022;14:
14.

Fishel Bartal M, Ashby Cornthwaite JA, Ghafir D, et al. Time in
range and pregnancy outcomes in people with diabetes using con-
tinuous glucose monitoring. Am J Perinatol. 2023;40(5):461-466.
https://doi.org/10.1055/a-1904-9279

Tundidor D, Meek CL, Yamamoto ], et al. Continuous glucose
monitoring time-in-range and HbA1c¢ targets in pregnant women
with type 1 diabetes. Diabetes Technol Ther. 2021;23(10):
710-714. https://doi.org/10.1089/dia.2021.0073

Ling P, Yang D, Gu N, et al. Achieving the HbA1c target requires
longer time in range in pregnant women with type 1 diabetes. |
Clin Endocrinol Metab. 2021;106(11):e4309-e4317.

Langer O, Levy ], Brustman L, Anyaegbunam A, Merkatz R,
Divon M. Glycemic control in gestational diabetes mellitus--how
tight is tight enough: small for gestational age versus large for ges-
tational age? Am | Obstet Gynecol. 1989;161(3):646-653.
Jovanovic L, Knopp RH, Kim H, et al. Elevated pregnancy losses
at high and low extremes of maternal glucose in early normal and
diabetic pregnancy: evidence for a protective adaptation in dia-
betes. Diabetes Care. 2005;28(5):1113-1117.

Benhalima K, Beunen K, Van Wilder N, et al. Comparing ad-
vanced hybrid closed loop therapy and standard insulin therapy
in pregnant women with type 1 diabetes (CRISTAL): a
parallel-group, open-label, randomised controlled trial. Lancet
Diabetes Endocrinol. 2024;12(6):390-403.

Quirés C, Herrera Arranz MT, Amigdé J, et al. Real-world evi-
dence of off-label use of commercially automated insulin delivery
systems compared to multiple daily insulin injections in pregnan-
cies complicated by type 1 diabetes. Diabetes Technol Ther.
2024;26(8):596-606.

Stewart ZA, Wilinska ME, Hartnell S, et al. Day-and-night
closed-loop insulin delivery in a broad population of pregnant
women with type 1 diabetes: a randomized controlled crossover
trial. Diabetes Care. 2018;41(7):1391-1399.

Stewart ZA, Wilinska ME, Hartnell S, ez al. Closed-loop insulin
delivery during pregnancy in women with type 1 diabetes. N
Engl | Med. 2016;375(7):644-654.

Polsky S, Buschur E, Dungan K, ez al. Randomized trial of assisted
hybrid closed-loop therapy versus sensor-augmented pump ther-
apy in pregnancy. Diabetes Technol Ther. 2024;26(8):547-555.
Stewart ZA, Yamamoto JM, Wilinska ME, et al. Adaptability of
closed loop during labor, delivery, and postpartum: a secondary
analysis of data from two randomized crossover trials in type 1
diabetes pregnancy. Diabetes Technol Ther.2018;20(7):501-505.
Rankin D, Hart RI, Kimbell B, ef al. Rollout of closed-loop tech-
nology to pregnant women with type 1 diabetes: healthcare pro-
fessionals’ views about potential challenges and solutions.
Diabetes Technol Ther. 2023;25(4):260-269.

Ozaslan B, Levy CJ, Kudva YC, et al. Feasibility of closed-loop in-
sulin delivery with a pregnancy-specific zone model predictive
control algorithm. Diabetes Technol Ther. 2022;24(7):471-480.
Wang XS, Dunlop AD, McKeen JA, Feig DS, Donovan LE.
Real-world use of control-IQ ™ technology automated insulin de-
livery in pregnancy: a case series with qualitative interviews.
Diabet Med. 2023;40(6):¢15086.

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://doi.org/10.1055/a-1904-9279
https://doi.org/10.1089/dia.2021.0073

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

Lawton J, Kimbell B, Closs M, et al. Listening to women: experi-
ences of using closed-loop in type 1 diabetes pregnancy. Diabetes
Technol Ther. 2023;25(12):845-855.

Stamati A, Christoforidis A. Automated insulin delivery in preg-
nant women with type 1 diabetes mellitus: a systematic review
and meta-analysis. Acta Diabetol. 2025;62(4):441-452. https:/
doi.org/10.1007/s00592-025-02446-x

Yang Q, Zeng B, Hao J, Yang Q, Sun F. Real-world glycaemic out-
comes of automated insulin delivery in type 1 diabetes: a meta-
analysis. Diabetes Obes Metab. 2024;26(9):3753-3763. https://
doi.org/10.1111/dom.15718

Clement NS, Abul A, Farrelly R, et al. Pregnancy outcomes in type
2 diabetes: a systematic review and meta-analysis. Am | Obstet
Gynecol. 2025;232(4):354-366.

American College of Obstetricians and Gynecologists (ACOG).
Medically indicated late-preterm and early-term deliveries.
ACOG Committee Opinion No. 831. Obstetrics & Gynecology.
2021;138(1):e35-e39.

Kjos SL, Henry OA, Montoro M, Buchanan TA, Mestman JH.
Insulin-requiring diabetes in pregnancy: a randomized trial of ac-
tive induction of labor and expectant management. Am | Obstet
Gynecol. 1993;169(3):611-6135.

Blankstein AR, Sigurdson SM, Frehlich L, et al. Pre-existing dia-
betes and stillbirth or perinatal mortality: a systematic review
and meta-analysis. Obstet Gynecol. 2024;144(5):608-619.
Browne K, Park BY, Goetzinger KR, Caughey AB, Yao R. The
joint effects of obesity and pregestational diabetes on the risk of
stillbirth. ] Matern Fetal Neonatal Med. 2021;34(3):332-338.
Grobman WA, Rice MM, Reddy UM, et al. Labor induction ver-
sus expectant management in low-risk nulliparous women. N
Engl ] Med. 2018;379(6):513-523.

Tita AT, Landon MB, Spong CY, et al. Timing of elective repeat
cesarean delivery at term and neonatal outcomes. N Engl | Med.
2009;360(2):111-120.

Metcalfe A, Hutcheon JA, Sabr Y, et al. Timing of delivery in
women with diabetes: a population-based study. Acta Obstet
Gynecol Scand. 2020;99(3):341-349.

Brown M, Melamed N, Murray-Davis B, et al. Timing of delivery
in women with pre-pregnancy diabetes mellitus: a population-
based study. BM] Open Diabetes Res Care. 2019;7(1):e000758.
Makhamreh MM, Al-Kouatly HB, Gulersen M, McLaren RA, ]Jr.
238 optimal timing of delivery in pregnancies complicated by pre-
gestational diabetes: a population-based study. Am ] Obstet
Gynecol. 2024;230(1):5141.

Einerson BD, Nelson RE, Sandoval G, et al. Cost of elective labor
induction compared with expectant management in nulliparous
women. Obstet Gynecol. 2020;136(1):19-25.

Hersh AR, Skeith AE, Sargent JA, Caughey AB. Induction of labor
at 39 weeks of gestation versus expectant management for low-
risk nulliparous women: a cost-effectiveness analysis. Am |
Obstet Gynecol. 2019;220(6):590.e1-590.€10.

ACOG committee opinion no. 762: prepregnancy counseling.
Obstet Gynecol. 2019;133(1):228-230. https:/doi.org/10.1097/
AOG.0000000000003014

Buschur EO, Polsky S. Type 1 diabetes: management in women
from preconception to postpartum. | Clin Endocrinol Metab.
2021;106(4):952-967. https:/doi.org/10.1210/clinem/dgaa931
Kumari A, Ranjan P, Vikram NK, et al. Executive summary of evi-
dence and consensus-based clinical practice guideline for manage-
ment of obesity and overweight in postpartum women: an
AIIMS-DST initiative. Diabetes Metab Syndr. 2022;16(3):
102425.

Walker KC, Arbour MW, Wika JC. Consolidation of guidelines of
postpartum care recommendations to address maternal morbidity
and mortality. Nurs Womens Health. 2019;23(6):508-517.
Brown SD, Hedderson MM, Ehrlich SF, et al. Gestational weight
gain and optimal wellness (GLOW): rationale and methods for a
randomized controlled trial of a lifestyle intervention among

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

30S.

306.

307.

308.

309.

310.

2451

pregnant women with overweight or obesity. BMC Pregnancy
Childbirth. 2019;19(1):145.

Pillay C, Clark K. Postpartum care of women with renal disease.
Best Pract Res Clin Obstet Gynaecol. 2019;57:89-105.

Shankar M, Chan CS, Frayne SM, Panelli DM, Phibbs CS, Shaw
JG. Postpartum transition of care: racial/ethnic gaps in veterans’
re-engagement in VA primary care after pregnancy. Womens
Health Issues. 2021;31(6):603-609.

Wilcox A, Levi EE, Garrett JM. Predictors of non-attendance to
the postpartum follow-up visit. Matern Child Health ].
2016;20(Suppl 1):22-27.

Pluym ID, Tandel MD, Kwan L, ef al. Randomized control trial of
postpartum visits at 2 and 6 weeks. Am | Obstet Gynecol MFM.
2021;3(4):100363.

Goel A, Maski MR, Bajracharya S, et al. Epidemiology and mech-
anisms of de novo and persistent hypertension in the postpartum
period. Circulation. 2015;132(18):1726-1733.

Liu LY, Wen T, Reddy UM, et al. Risk factors, trends, and out-
comes associated with postpartum sepsis readmissions. Obster
Gynecol. 2024;143(3):346-354.

Saeed KB, Corcoran P, Greene RA. Incisional surgical site infec-
tion following cesarean section: a national retrospective cohort
study. Eur | Obstet Gynecol Reprod Biol. 2019;240:256-260.
Riviello C, Mello G, Jovanovic LG. Breastfeeding and the basal in-
sulin requirement in type 1 diabetic women. Endocr Pract.
2009;15(3):187-193.

Sparud-Lundin C, Berg M. Extraordinary exposed in early
motherhood—a qualitative study exploring experiences of moth-
ers with type 1 diabetes. BMC Womens Health. 2011;11(1):10.
Finkelstein SA, Keely E, Feig DS, Tu X, Yasseen AS 3rd, Walker
M. Breastfeeding in women with diabetes: lower rates despite
greater rewards. A population-based study. Diabet Med.
2013;30(9):1094-1101.

Fallon A, Dunne F. Breastfeeding practices that support women
with diabetes to breastfeed. Diabetes Res Clin Pract.
2015;110(1):10-17.

Reader D, Franz M]J. Lactation, diabetes, and nutrition recom-
mendations. Curr Diab Rep. 2004;4(5):370-376.

Taylor JS, Kacmar JE, Nothnagle M, Lawrence RA. A systematic
review of the literature associating breastfeeding with type 2 dia-
betes and gestational diabetes. | Am Coll Nutr. 2005;24(5):
320-326.

Jovanovic L, Pettitt DJ. Treatment with insulin and its analogs in
pregnancies complicated by diabetes. Diabetes Care. 2007;30
(Suppl 2):5220-5224. https:/doi.org/10.2337/dc07-s220

Achong N, McIntyre HD, Callaway L, Duncan EL. Glycaemic be-
haviour during breastfeeding in women with type 1 diabetes.
Diabet Med. 2016333(7):947-955.

Owens LA, Egan AM, Carmody L, Dunne F. Ten years of optimiz-
ing outcomes for women with type 1 and type 2 diabetes in
pregnancy-the Atlantic DIP experience. | Clin Endocrinol Metab.
2016;101(4):1598-1605. https:/doi.org/10.1210/jc.2015-3817
Brown Z, Messaoudi C, Silvia E, ef al. Postpartum navigation de-
creases severe maternal morbidity most among Black women. Am
J Obstet Gynecol. 2023;229(2):160.e1-160.¢8.

Donovan LE, Feig DS, Lemieux P, ef al. A randomized trial of
closed-loop insulin delivery postpartum in type 1 diabetes.
Diabetes Care. 2023;46(12):2258-2266.

Gu ], Chaput KH, Dunlop A, Booth ], Feig DS, Donovan LE.
Existing standardised questionnaires do not adequately capture
quality-of-life outcomes of greatest importance for those living
with type 1 diabetes in pregnancy. Diabet Med. 2023;40(4):
el5044.

Sparud-Lundin C, Wennergren M, Elfvin A, Berg M.
Breastfeeding in women with type 1 diabetes: exploration of pre-
dictive factors. Diabetes Care. 2011;34(2):296-301.

Anderberg E, Berntorp K, Crang-Svalenius E. Diabetes and preg-
nancy: women’s opinions about the care provided during the
childbearing year. Scand J Caring Sci. 2009;23(1):161-170.

920z Ae\ L€ uo1senb Aq 02996 1.8/50%2/6/0 1L L/8|o1e/weol/wod dno-ojwepeoe//:sdiy wolj peapeojumoq


https://doi.org/10.1007/s00592-025-02446-x
https://doi.org/10.1007/s00592-025-02446-x
https://doi.org/10.1111/dom.15718
https://doi.org/10.1111/dom.15718
https://doi.org/10.1097/AOG.0000000000003014
https://doi.org/10.1097/AOG.0000000000003014
https://doi.org/10.1210/clinem/dgaa931
https://doi.org/10.2337/dc07-s220
https://doi.org/10.1210/jc.2015-3817

2452

311.

312.

313.

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9

Bradford BF, Cronin RS, Okesene-Gafa KA, Apaapa-Timu THS,
Shashikumar A, Oyston CJ. Diabetes in pregnancy: women’s
views of care in a multi-ethnic, low socioeconomic population
with midwifery continuity-of-care. Women Birth. 2024;37(3):
101579.

Sushko K, Strachan P, Butt M, Nerenberg KA, Sherifali D.
Understanding the self-management experiences and support needs
during pregnancy among women with pre-existing diabetes: a qualita-
tive descriptive study. BMC Pregnancy Childbirth. 2023;23(1):309.
Ditosto JD, Roytman MV, Dolan BM, Khan SS, Niznik CM, Yee
LM. Improving postpartum and long-term health after an adverse
pregnancy outcome: examining interventions from a health equity
perspective. Clin Obstet Gynecol. 2023;66(1):132-149.

314.

31S.

316.

317.

Jones EJ, Hernandez TL, Edmonds JK, Ferranti EP. Continued dis-
parities in postpartum follow-up and screening among women
with gestational diabetes and hypertensive disorders of pregnancy:
a systematic review. | Perinat Neonatal Nurs. 2019;33(2):
136-148.

Colleges AoAM. The Complexities of Physician Supply and
Demand: Projections From 2021 to 2036. AAMC; 2024.
Romeo GR, Caputo T, Stanescu IW, Alkhaddo JB. The arduous
path toward equitable access to endocrinology care. | Endocr
Soc. 2024;8(9):bvac134.

Saldanha IJ, Adam GP, Kanaan G, et al. AHRQ Comparative
Effectiveness Reviews. Postpartum Care up to 1 Year After
Pregnancy: A Systematic Review and Meta-Analysis. Agency for
Healthcare Research and Quality (US); 2023.

920z Ae\ L€ uo 1senb Aq 02996 1 8/S072/6/0 1 |/810IHE/WSSl/LOS"dNO"oIEPEDE//:SARY WO PEPEOUMOQ



	Preexisting Diabetes and Pregnancy: An Endocrine Society and European Society of Endocrinology Joint Clinical Practice Guideline
	List of Recommendations
	Methods of Development of Evidence-Based Clinical Practice Guidelines
	Screening for Pregnancy Intention
	Background
	Summary of Evidence
	Benefits and Harms
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Comments
	Research Considerations

	Contraception
	Background
	Summary of Evidence
	Benefits and Harms
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Comments
	Research Considerations

	Glucagon-Like Peptide-1 Receptor Agonists
	Background
	Summary of Evidence
	Benefits and Harms
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Comments
	Research Considerations

	Addition of Metformin for Patients on Insulin
	Background
	Summary of Evidence
	Benefits and Harms
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Comments
	Research Considerations

	Carbohydrate-Restricted Diet
	Background
	Summary of Evidence
	Benefits and Harms
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Comments
	Research Considerations

	Continuous Glucose Monitoring vs Self-Monitoring of Blood Glucose in Individuals With Preexisting Type 2 Diabetes Mellitus
	Background
	Summary of Evidence
	Benefits and Harms
	Other Evidence to Decision Factors
	Justification for the Recommendation
	Comments
	Research Considerations

	Single Continuous Glucose Monitor Glycemic Target vs Standard-of-Care Pregnancy Fasting and Postprandial Targets
	Background
	Summary of Evidence
	Benefits and Harms
	Use of an Alternative Single Glucose Target
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Research Considerations

	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
	Summary of Evidence
	Benefits and Harms
	Glucometrics
	Harms
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Comments
	Research Considerations

	Early Delivery Based on Risk Assessment
	Background
	Summary of Evidence
	Benefits and Harms
	Evidence to Decision Factors
	Justification for the Recommendation
	Comments
	Research Considerations

	Postpartum Endocrine Care
	Background
	Summary of Evidence
	Benefits and Harms
	Other Evidence to Decision Criteria and Considerations
	Justification for the Recommendation
	Comments
	Implementation Considerations
	Research Considerations

	Summary
	Acknowledgments
	Funding
	Disclaimer
	Summary
	Individual Disclosures, Conflicts, and Management Strategies

	References


