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ARTICLE INFO ABSTRACT

Keywords: As cystic fibrosis transmembrane regulator (CFTR) modulator therapies offer greater longevity and improved
Cystic fibrosis health quality, women living with cystic fibrosis (CF) are increasingly pursuing pregnancy. Maternal risks for
Pregnancy pregnant women with CF largely depend on a woman’s baseline pulmonary and pancreatic function, and the
Diabetes P . . N .

) majority of CF pregnancies will successfully end in live births.
Gestational . . . . L. . . i s .
Pregestational Diabetes, either gestational or pre-existing cystic fibrosis-related diabetes (CFRD), is highly prevalent in

Fetal women with CF, affecting 18 to 62% of pregnancies in recent CF center reports. In addition to the rising inci-
dence of CFRD with age, gestational diabetes is also more common in women with CF due to lower insulin
secretion, higher insulin resistance, and increased hepatic glucose production as compared to pregnant women
without CF. Diabetes occurring during pregnancy has important implications for maternal and fetal health. It is
well established in women without CF that glycemic control is directly associated with risks of fetal malfor-
mation, neonatal-perinatal mortality, cesarean delivery and need for neonatal intensive care. Small studies in
women with CF suggest that pregnancies affected by diabetes have an increased risk of preterm delivery, lower
gestational age, and lower fetal birth weight compared to those without diabetes.

Women with CF preparing for pregnancy should be counseled on the risks of diabetes and should undergo
routine screening for CFRD with oral glucose tolerance testing (OGTT) if not already completed in the past six
months. Glycemic control in those with pre-gestational CFRD should be optimized prior to conception. Insulin is
preferred for the management of diabetes in pregnant women with CF via multiple daily injections or insulin
pump therapy, and continuous glucose monitors (CGM) can be useful in mitigating hypoglycemia risks. Women
with CF face many unique challenges impacting diabetes care during pregnancy and would benefit from support
by a multidisciplinary care team, including nutrition and endocrinology, to ensure healthy pregnancies.

Maternal

Background

Recent advances in the treatment of cystic fibrosis (CF) have signif-
icantly changed survival and health quality for many individuals living
with CF. Adults now represent over half of the CF population, and the
median predicted survival age for infants born in 2019 is estimated at
48 years [1,2]. Important demographic changes in the CF community
have followed along with these improvements. Among adults with CF,

44% are married or live with a partner, and pregnancies among women
with CF have steadily increased with 310 reported in 2019 [1] (Fig. 1).
The recent advent of highly-effective cystic fibrosis transmembrane
regulator (CFTR) modulator therapy, elexacaftor-tezacaftor-ivacaftor
(ETI), for which 90% of the CF population is eligible, has dramatically
improved CF morbidity [3,4]. In addition, highly-effective CFTR
modulator therapy is predicted to further increase longevity and
possibly fertility [5], effects that will likely continue to impact
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pregnancy rates.

Special considerations for pregnancy in women with CF

For women with CF, pregnancy carries added health risks, including
higher rates of pneumonia, renal failure, and rarely death, with a mor-
tality rate of 1% [6]. Severe pulmonary disease (FEV1 < 50%), pulmo-
nary hypertension, Burkholderia Cepacia infection, and exocrine
pancreatic insufficiency have been shown to be important predictors of
poor maternal outcomes [7-10]. During pregnancy, women with CF
experience increased frequency of pulmonary exacerbations, hospitali-
zations and illness-related visits [11,12]. In addition to diabetes, which
will be the focus this review, other challenges of pregnancy in CF include
difficulty meeting the increased nutritional and metabolic demands of
pregnancy. Appropriate weight gain can be difficult to achieve, and
women may require oral supplements or, in more severe circumstances,
enteral feeds [12,13]. However, despite these challenges, women with
CF who tolerate pregnancy do not experience deterioration of CF disease
afterwards [10]. When compared to never-pregnant women with CF
matched by age and disease status, pregnancy does not impact 10-year
survival rates [14] or subsequent progression of pulmonary disease
[10-12,15,16]. Fetal outcomes are generally favorable with high live
birth rates, [17,18]. The most common fetal complications are low birth
weight and preterm delivery, affecting nearly one-quarter of
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pregnancies [16,19,20].

Prevalence & pathophysiology of diabetes in pregnant women
with CF

Diabetes in pregnant women with CF is most often either gestational
diabetes mellitus (GDM) or pregestational cystic fibrosis-related dia-
betes (CFRD). The prevalence of diabetes in pregnancy is high and has
risen over time with 18 to 62% of pregnancies affected in more recent
retrospective cohort studies performed at CF centers; prevalence rates
reported through other sources such as billing codes, national database
data and/or surveillance systems vary minorly from this range
[7,8,12,18,19,21-23,23-27] (Table 1).

The high and increasing prevalence of diabetes in pregnant women
with CF is multifaceted. First, as longevity improves, more women with
CF are living to adulthood to consider pregnancy, particularly with the
widespread use of highly effective CFTR modulatory therapy. Given that
40-50% of adults with CF have CFRD and there is an increased CFRD
prevalence in women aged 30-39 years compared to younger and older
age groups, a significant portion of women with CF will develop CFRD
during their reproductive years [28,29]. Secondly, even if a woman with
CF does not have pre-gestational CFRD, GDM is more prevalent in
women with CF (ranging 10.6-36% in more recent cohorts) than the
general U.S. population where GDM prevalence is <10%

Adults with CF, 1999-2019
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Fig 1. Demographic changes 1999-2019 in the CF community. This figure shows a steady increase in the number of individuals with CF who are married or living
with a partner from 1999 to 2019. A similar progressive increase is seen in number of pregnancies among women 14 to 45 years with CF.
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Table 1
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Prevalence of diabetes in CF pregnancy among case series, retrospective cohorts & database reviews.

Reference Study Period, Location & Source

# Mothers  # Pregnancies = % Diabetes (CFRD & GDM) % CFRD % GDM

Gilljam et al. 2000 1963-1998
CF database
- Toronto, Canada
Edenborough et al. 2000 - 1977 to 1996
15 adult CF centers
England, Wales & Northern Ireland
1977 to 1998
3 CF Centers
Norway & Sweden
1977 to 2004
CF Registry
- Israel
Cheng et al. 2006 - 1989 to 2004
- Single large tertiary care center
- Washington, U.S.A
1995 to 2003
CF Registry Data
US.A
1995 to 2009
1 CF center
Australia
Thorpe-Beeston et al. 2013 - 1998 to 2011
- 1 CF center
- UK
2003 to 2011
1 CF center
- UK
2005-2008
Billing ICD-9 codes
California, U.S.A
2000 to 2013
1 CF center
- France
Ashcroft et al. 2020 - 2015 to 2017
United Kingdom Obstetric Surveillance System (UKOSS)
- UK.

Odegaard et al. 2002

Barak et al. 2005

McMullen et al. 2006

Lau et al. 2011

Burden et al. 2012

Jelin et al. 2017*

Girault et al. 2016

49 74 20%* 6% 14%*
55 69 18%* 14% 4%

23 33 18% # 6% # 12% #
8 11 45% # 18% # 27% #
25 | 43 62%* 31% * 31%*
216 - 20.6% * 9.3% #

18 20 55% 2206 33%*
41 48 35.4% % - _

12 15 57% % 28.5% +  28.5% %
66 77 15.29* 4.6%* 10.6%*
29 33 48.5% * 30.3% %  18.2% #
71 71 66%* 329+ 36%*

* Percentage of mothers with CF diagnosed with and/or treated for diabetes during pregnancy.

* Percentage of pregnancies in women with CF affected by diabetes.
|| Diabetes status available for 16 of 25 women.

[18,22,23,27,30,31]. Pregnancy is a physiologically demanding time
characterized by escalating insulin resistance beginning in the second
trimester that necessitates a ~ 50% increase in insulin production from
pre-pregnancy levels to maintain euglycemia [32]. When this increase in

insulin requirement cannot be met, GDM develops [32-35]. It has been
demonstrated that pregnant women with CF but without pre-existing
CFRD have lower insulin production, reduced insulin sensitivity,
increased hepatic gluconeogenesis, and increased protein catabolism

Insulin Sensitivity in Pregnancy affected by CF
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Fig. 2. Insulin Sensitivity in Pregnancy affected by CF. Adapted from Hardin, D. S., Rice, J., Cohen, R. C., Ellis, K. J. & Nick, J. A. The metabolic effects of pregnancy

in cystic fibrosis. Obstet. Gynecol. 106, 367-375 (2005).
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over the progression of pregnancy from second to third trimesters
compared to pregnant women without CF [36] (Fig. 2). The same study
also demonstrated that when compared to non-pregnant women with
CF, pregnant women with CF have reduced insulin sensitivity and
increased hepatic glucose production but no significant difference in
insulin production [36]. These physiologic features highlight why
women with CF experience such high rates of GDM due to the combi-
nation of both elevated insulin resistance and lower ability to raise in-
sulin production (Fig. 3).

Fetal complications of diabetes
Fetal complications of GDM in the general population

Studies of the general population show that there are significant risks
for fetal complications when pregnancy is affected by maternal hyper-
glycemia [37-42]. Fetal risks differ depending on whether maternal
diabetes is gestational or pre-gestational. GDM is classified as hyper-
glycemia diagnosed in second or third trimester of pregnancy that was
not present or suspected prior to pregnancy [43]. GDM places the fetus
at elevated risk for macrosomia, birth injury (shoulder dystocia), hy-
poglycemia, respiratory distress, hyperbilirubinemia, preterm birth, and
perinatal mortality (stillbirth) [37,39,41,42,44]. These risks overall
appear to have a direct association with degree of maternal hypergly-
cemia [37,38], as demonstrated by the Hyperglycemia and Adverse
Pregnancy Outcomes (HAPO) study, a landmark multicenter multina-
tional prospective observational study of over 25,000 women [37]. This
study showed that mild maternal hyperglycemia on 75-gram oral
glucose tolerance testing between 24 and 32 weeks gestation conveyed
significant risks for multiple fetal complications in a continuous manner
with no apparent threshold, highlighting the importance of maintaining
maternal glucose levels within normal range as much as possible for
optimal pregnancy outcomes [37]. Risk for adverse fetal outcome is also
higher for pregnancies with insulin-requiring GDM versus diet-
controlled GDM [42].

Fetal complications of pregestational diabetes in the general population

Pregnancies affected by pre-gestational type 1 or type 2 diabetes
carry additional fetal risks compared to GDM because of the hypergly-
cemia present in first trimester pregnancy when organogenesis occurs.
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Specifically, studies have shown an increased risk for fetal malforma-
tion, most commonly occurring as cardiac and neural tube anomalies
and less often as gastrointestinal, genitourinary and caudal regression
anomalies [45-49]. The extent of malformation risk is directly related to
the degree of maternal hyperglycemia. HbAlc in the first trimester
portends risk of fetal malformation and neonatal and perinatal mortal-
ity, and risk elevations begin even with minor elevations in HbAlc
[47,50,51]. One study of 691 pregnancies in women with type 1 dia-
betes compared to pregnancies without diabetes demonstrated a 3 times
increased risk for malformation with first trimester Alc 5.6-6.8%, with
risk rising to ~5 times for Alc 9.4% or higher, which correlated to ab-
solute malformation risk of 4.1% versus 6.6%, respectively; interest-
ingly, the highest relative risk (6.0) was associated with mothers who
went without Alc testing in early pregnancy [47]. Another study of
1649 pregnancies affected by pregestational diabetes (type 2 and type 1
diabetes) similarly documented a linear risk for most congenital mal-
formations with higher risk beginning with Alc of 6% or higher, and
with fetal malformation incidence progressively reaching 15% in the
highest Alc categories [50]. Like GDM, pregestational diabetes carries
elevated risk for perinatal mortality, but the risk is even higher [41,52].
Causes of perinatal mortality are associated with fetal growth abnor-
malities (intrauterine growth restriction and macrosomia), fetal anom-
alies, and preterm delivery [40,46].

Fetal complications of diabetes in pregnant women with CF

The available studies investigating outcomes of pregnancy in CF by
diabetes status (GDM or pregestational CFRD) are limited in number,
have small sample sizes, and assess fewer fetal outcomes compared to
studies of diabetes in pregnancy in the general population [25,53,54].
Additionally, results must be interpreted carefully given that pregnant
women with CF and diabetes commonly have lower FEV1 and/or older
age compared to pregnant women with CF without diabetes. With this
context in mind, multiple studies suggest an elevated risk of preterm
delivery in CF pregnancies affected by diabetes compared to those that
are not [25,53,54]. Over 20 years ago, Edenborough et al studied a
cohort of 72 CF pregnancies with a 17% prevalence of diabetes and
found that diabetic pregnancies disproportionately accounted for 25%
of the preterm deliveries and only 9% of term deliveries [25]. Raynaud
et al found similar results in a French cohort of 189 CF pregnancies
comparing outcomes in those with pre-gestational diabetes to those

Hepatic Glucose Production in Pregnancy
affected by CF
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Fig. 3. Hepatic glucose production in pregnancy affected by CF. Adapted from Hardin, D. S., Rice, J., Cohen, R. C., Ellis, K. J. & Nick, J. A. The metabolic effects of
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without. In this study, 38.5% of pre-gestational diabetic pregnancies
ended with preterm labor compared to 29.5% of non-diabetic preg-
nancies; however, this difference did not reach significance likely in part
because women diagnosed with diabetes during pregnancy were
included in the pre-gestational non-diabetic group [53]. In comparison,
a study by Giacobbe et al identified 23 pregnancies in women with CF
affected by either gestational or pregestational diabetes compared to 31
pregnancies without diabetes, finding a significant increase in preterm
delivery (52.4% versus 20%, p = 0.02), lower gestational age at delivery
(36.9 weeks versus 38 weeks, p = 0.04), and lower birthweights (2,825
gm versus 3,185 gm, p = 0.03) in those with diabetes [54].

Aside from prematurity and low birth weight, there are few data
regarding other fetal risks associated with diabetes in pregnancy in CF.
In the Edenborough et al cohort, it was noted that premature infants
were at higher risk of significant complications including artificial
ventilation and nasogastric feeding when compared to term infants
though no specific association could be identified based on maternal
diabetes status [25]. Three fetal anomalies were also documented
including diaphragmatic hernia and polysplenia, dextrocardia and uni-
lateral renal cystic dysplasia, and multiple muscular ventricular septal
defects, but maternal diabetes status was not reported for these preg-
nancies [25]. A recent review of California discharge and vital statistics
data also found higher prevalence of fetal anomalies (14.3% vs 6.4%) in
pregnancies affected by CF including a prominent increase in cardiac
anomalies (3.9% vs 0.5%) when compared to the general population
[27]. The same study found a higher prevalence of diabetes in preg-
nancies affected by CF compared to those that were not but it did not
evaluate if there was an association between diabetes status and
congenital anomalies [27].

Maternal complications of diabetes
Maternal complications of GDM in the general population

Studies of the general population have shown that there are signifi-
cant maternal risks when pregnancy is affected by GDM. The landmark
HAPO trial and Australian Carbohydrate Intolerance in Pregnancy Study
both demonstrated increased risks for c-section based on glucose results
during 75-gram oral glucose tolerance testing during pregnancy
[37,38]. The HAPO study also demonstrated increased risk for pre-
eclampsia based on fasting, 1-hour and 2-hour glucose results during 75-
gram oral glucose tolerance testing between 24 and 32 weeks gestation
[37]. Additional studies have found GDM to be an independent risk
factor for pregnancy hypertension (HTN) and preeclampsia even when
controlling for risk factors such as body mass index (BMI), ethnicity, and
age [55-58].

GDM also portends long-term maternal health risks. Women with a
history of GDM have a ~ 7 times greater risk for developing type 2
diabetes later in life [59]. This risk is higher for those women with
elevated BMI, greater post-partum weight gain, higher fasting glucose
on pregnancy screening (OGTT) and if insulin was required for GDM
treatment [60-62]. Additionally, women with GDM are at higher risk for
developing cardiovascular disease, which may be in part related to BMI
and subsequent development of type 2 diabetes [63-66].

Maternal complications of pregestational diabetes in the general population

Similar to women with GDM, women with pregestational diabetes
experience higher rates of c-section and preeclampsia during pregnancy
compared to the general population [56,58,67-70]. Unlike women with
GDM, women with pregestational diabetes are also at risk for exacer-
bation of microvascular diabetic complications. Pregnancy is an inde-
pendent risk factor for progression of diabetic retinopathy and is seen in
both type 1 or type 2 diabetes, though risk for type 1 diabetes appears to
be higher [71-74]. Women are at greater risk for diabetic retinopathy
progression during pregnancy if they have had longer duration of
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diabetes > 10 years, history of poorly controlled diabetes, uncontrolled
hypertension, and preeclampsia [73]. Women with diabetic nephropa-
thy also experience greater risks, including increased frequency of pre-
eclampsia, when compared to pregnant women with diabetes but
normal kidney function [75]. Furthermore, women with more signifi-
cant diabetic nephropathy (baseline macroalbuminuria, eGFR < 60 ml/
min) at the start of pregnancy and poorly controlled HTN during preg-
nancy can have permanent kidney decline and in the worst cases pro-
gression to kidney failure [75]. Finally, diabetes has long been
recognized as a risk factor for increased maternal mortality in both type
1 and type 2 diabetes [68,76,77]. Treatment of diabetes in pregnancy
can also be complicated by hypoglycemia, which occurs more often with
the stringent glucose targets in pregnancy and fluctuating insulin
resistance including period of insulin sensitization at the end of first
trimester [78,79]. Severe hypoglycemia is common during pregnancy in
women with type 1 diabetes, affecting nearly a quarter of women with
the highest prevalence in the first trimester and among those women
with a history of hypoglycemic unawareness [78,79].

Maternal complications of diabetes in pregnant women with CF

CFRD has been associated with increased mortality of individuals
with CF, though increased screening and treatment of CFRD may
improve survival [28,80]. In contrast, when specifically considering
diabetes in pregnant women with CF, studies have not shown a signifi-
cant difference in maternal survival based on diabetes status [14,25]. It
is also reassuring that while pregnant women with CF and pre-
gestational diabetes may have baseline lower FEV1 and BMI compared
to their nondiabetic pregnant peers, there was no significant difference
in rate of decline for either parameter over 2-year follow up following
delivery [53].

It is presently unclear if pregnant women with CF and diabetes have
greater risk for c-section. Raynaud et al found significantly increased c-
section risk for those with diabetes during pregnancy (48% versus
21.4%, p = 0.005) while Giacobbe et al did not (19.1% versus 10%, p =
0.36) [53,54]. There are also no data regarding risk of other maternal
complications in women with CF and diabetes, including pre-eclampsia
and gestational hypertension. Although prevalence of microvascular
complications is lower in those with CFRD than other diabetes pop-
ulations, it is unknown how pregnancy in women with pregestational
CFRD may affect progression of diabetic retinopathy or nephropathy.

Effect of diabetes treatment on pregnancy outcomes

The effect of diabetes treatment in pregnancy has not been studied in
the CF population. However, there is high quality evidence in the gen-
eral population that diabetes treatment in pregnancy can significantly
reduce risk of maternal and fetal complications in both gestational and
pregestational diabetes [81-84]. Two large randomized trials have
documented that providing women with GDM dietary counseling,
glucose monitoring, and initiation of insulin therapy when indicated can
significantly reduce risks of major birth complications including fetal
death, shoulder dystocia, bone fracture, and nerve palsy [82] as well as
minor birth complications including large for gestational age (LGA),
cesarean delivery, and preclampsia [81]. Similarly, optimization of
pregestational diabetes through programs to improve preconception and
pregnancy care have also effectively reduced complications such as fetal
malformations, still births/late miscarriage, neonatal death, LGA, and
preeclampsia [83,84].

Screening for pregestational CFRD & GDM in women with CF

Given that women with CF of childbearing age have high risk for
both CFRD and GDM and given the beneficial effects of diabetes treat-
ment on pregnancy outcomes, screening both before and during preg-
nancy is recommended [85-87]. According to guidelines established by
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the CF Foundation and American Diabetes Association (ADA), women
with CF without pre-existing diabetes who are considering pregnancy or
are confirmed pregnant should have 75-gram OGTT if not performed
within the prior 6 months [85]. This early OGTT testing is intended to
identify pre-existing CFRD and to allow for prompt optimization of
glycemic status given the associated malformation risks in first
trimester. Women with a normal OGTT prior to or at the start of preg-
nancy should have repeat 75-gram OGTT testing at the end of first
(12-16 weeks) and second (24-28 weeks) trimesters to screen for in-
terval development of GDM [85,87]. Clinicians may also consider
initiating glucose monitoring during periods of medical stress such as
infection, distal intestinal obstruction syndrome (DIOS) flares, or steroid
exposures when women may experience transient hyperglycemia [86].

Pre-conceptional care

Given the established risks of pregnancy, women with CF should be
counselled on reproductive potential so that pregnancies are planned
and they have the opportunity for comprehensive pre-conceptional care,
including diabetes screening and management [86,88]. An essential
component to optimizing diabetes care is to undergo recommended
OGTT screenings to ensure timely diagnoses of CFRD. In those with pre-
gestational CFRD, ensuring tight glycemic control prior to conception is
important in reducing maternal and fetal risks. In addition, all women
with diabetes should receive adequate folic acid supplementation to
reduce risks of neural tube malformations [8,16,35,86]. Finally,
regardless of diabetes status, any woman with CF planning for preg-
nancy is recommended to achieve a BMI of 22 kg/m? or higher prior to
conception given the possibility of maternal CF-related disease compli-
cations during pregnancy including insufficient weight gain [10,13,85].
Obtaining a target BMI and the related concerns of sufficient nutrition in
pregnancy is especially important for women with CFRD since diabetes
in CF has a known association with nutritional decline [89]. Consulta-
tion with a nutritionist may be helpful to guide women to weight targets
with high quality, calorie dense food choices, and initiation of enteral
feeds may be considered if this is not successful [86,89,90].

Glycemic targets in pregnancy
HbAIc targets in pregnancy

For women with pre-gestational type 1 and type 2 diabetes, general
guidelines recommend an HbAlc at time of conception of < 6.5% to
minimize risks of fetal malformations [35]. However, in the CF popu-
lation, HbAlc may not adequately capture the prandial hyperglycemia
occurring early in the course of CFRD and may therefore be a less reli-
able measure of glycemia [85,91]. Therefore, if HbAlc is > 6.5%, it can
be assumed that further optimization of CFRD is needed prior to
conception; however, if HbAlc is < 6.5%, clinicians should confirm that
available glucose data (continuous glucose monitor and/or fingerstick
glucose levels) also correlate with adequate diabetes control for
conception. Once pregnant, HbAlc is ideally maintained < 6.0% and
tested on monthly basis accounting for physiologic changes to red blood
cell turnover which occur in pregnancy [35,92].

Glucose targets in pregnancy

In addition to HbAlc testing, pregnant women with diabetes should
perform regular fingerstick glucose testing before and after meals
[35,92,93]. Recommended glucose targets for women with CF are the
same as those for all women with diabetes during pregnancy and are as
follows: fasting glucose < 95 mg/dL, 1 h post-prandial reading < 140
mg/dL, and 2 h post-prandial reading < 120 mg/dL [35,93]. Continuous
glucose monitoring (CGM) can be a helpful adjunct to fingerstick testing.
CGM devices consist of a sensor with a small filament inserted under the
skin that measures interstitial glucose levels every 5-15 min, providing
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comprehensive glycemic data to users in real-time. In 2021, American
Diabetes Association (ADA) guidelines newly incorporated glycemic
targets for interpretation of CGM data in pregnancies affected by type 1
diabetes given documented improvement in fetal outcomes including
reduced LGA, macrosomia, NICU care and fetal hypoglycemia
[35,94-97] (Table 2). These recommendations were not generalized to
other types of diabetes given the lack of data. However, CGM has been
validated in individuals with CF [98], and CGM use during pregnancy in
women with type 1 diabetes has been shown to reduce maternal hypo-
glycemia, which is a common occurrence for individuals with cystic
fibrosis [99], suggesting that this may be a useful tool for the manage-
ment of diabetes in women with CF during pregnancy.

Treatment
Dietary modification

Although diet modification is commonly used to address GDM in
pregnant women without CF, diet modification is often not a viable
option in pregnant women with CF. Pregnant women with CF frequently
struggle to gain sufficient weight during pregnancy because their high
baseline caloric needs from CF are further increased by pregnancy
[86,89]. For this reason, pregnant women with CF and diabetes should
not restrict carbohydrates because this can precipitate or exacerbate
insufficient weight gain [89]. Similar to non-pregnant patients with
CFRD, high-sugar foods and beverages should ideally be consumed in
moderation during pregnancy in those with diabetes given the difficulty
in controlling the hyperglycemia induced by this type of intake [89].
There are no studies investigating the safety and efficacy of dietary
modifications in the management of GDM in women with CF.

Insulin treatment

Insulin is the recommended therapy for CFRD as well as for GDM in
women with CF [85-87,100]. It is also first-line therapy for all other
diabetes in pregnancy in the general population [35,101]. Glyburide
and metformin, which are second line therapies for GDM without CF
[35], are not recommended for women with CF.

Not all insulins have been equally assessed for safety in pregnancy. In
general, insulins that have undergone human studies to confirm safety in
pregnancy are preferred, including NPH, detemir, aspart, lispro, and
regular insulin [102]. Several newer insulins like glargine, degludec and
glulisine have not been sufficiently studied though may be considered
with caution if there is strong clinical indication that they are needed to
maintain adequate control or to reduce risks associated with treatment
[102]. The choice of insulin therapy should be personalized based on the
glycemic pattern on glucose testing and any pertinent comorbid condi-
tions that may affect response.

Insulin therapy may be administered through multiple daily in-
jections (MDI) or insulin pumps. In non-pregnant individuals with CF,
insulin pumps were found to be effective and have good metabolic
benefits in one small study [103]. However, acceptability and continu-
ation of insulin pump therapy are generally lower among individuals
with CF than in other diabetes populations [104,105]. Insulin pump
therapy has not been studied in pregnant women with CF. Retrospective

Table 2
Continuous Glucose Monitor Glucose Targets during Pregnancy. Adapted from
American Diabetes Association, 14. Management of Diabetes in Pregnancy:
Standards of Medical Care in Diabetes—2021. Diabetes Care 44, S200-S210
(2021).

Continuous Glucose Monitor Glucose Targets during Pregnancy

Time Above
>140 mg/dL

Time Below< 63
mg/dL

Time Below< 54
mg/dL

Time in Target
63-140 mg/dL

<1% <4% >70% <25%
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observational studies in type 1 diabetes show mixed results regarding
whether insulin pump therapy can achieve better glycemic control than
MDI [106-109], and maternal and fetal outcomes were found to be
overall similar [108,110-113]. Insulin pumps are often utilized for pre-
gestational insulin requiring diabetes, and it is recommended that pump
therapy is initiated prior to conception to allow for an appropriate
adjustment period [101]. Commercially available hybrid closed-loop
pumps, which automatically adjust insulin delivery based on CGM
input, are not FDA-approved for pregnancy. These devices have set
glucose targets that cannot be adjusted to accommodate the lower tar-
gets recommended during pregnancy, and individuals may need to
change to manual pump settings to achieve pregnancy targets. None-
theless, insulin pumps can offer greater flexibility in insulin dosing
through a variety of other features including precise dosing amounts,
bolus features (i.e. square wave, dual wave or extended), variable basal
rates, among others [100,114]. Ultimately, the choice of insulin delivery
method should be tailored to individual clinical situations [111].

Unique challenges of diabetes in CF pregnancy

Women with CF face multiple challenges in managing diabetes
during pregnancy. First, CFRD is unique in many ways compared to
other forms of diabetes. Dysglycemia in CF typically begins with reduced
first phase insulin secretion leading to post prandial hyperglycemia,
which precedes changes to fasting glucose levels [29,115]. Patients with
CF, even those not treated with exogenous insulin, are at risk for spon-
taneous fasting and reactive hypoglycemia secondary to abnormal in-
sulin and glucagon secretion [99]. The combination of these factors may
present clinically with an individual with CF experiencing alternating
episodes of hyperglycemia and hypoglycemia, which can be challenging
to manage with insulin therapy. Hormonal changes of pregnancy cause
insulin requirements to progressively increase beginning in the second
trimester, and women with CF may also experience fluctuations in in-
sulin requirements with health changes and/or medications like gluco-
corticoids, as routinely seen in non-pregnant individuals with CF
[29,100]. In pregnancy, these challenges are especially difficult given
the strict glycemic targets recommended to optimize fetal outcomes.

Additionally, individuals with CF often have comorbid gastrointes-
tinal complications that affect digestion. Dysmotility related to CF may
affect every level of the digestive system resulting in DIOS, gastroparesis
and/or gastroesophageal reflux disease (GERD) [116,117]. These al-
terations can make it difficult to achieve optimal insulin and carbohy-
drate matching at mealtimes. Gastrointestinal dysmotility may also
impact food choices. While not recommended, an individual with CF
may favor foods lower in fat and fiber if they are experiencing frequent
exacerbations of GERD or gastroparesis [117], which could impact both
sufficient nutrition and post-prandial glucose response in pregnancy.

Future directions

There are many unanswered questions regarding the optimal diag-
nosis, management, and clinical impact of diabetes in pregnant women
with CF. Further studies are needed to understand the unique fetal and
maternal risks of diabetes in this patient population as well as to
investigate the most effective approaches to glucose monitoring, insulin
treatment, glycemic targets, and nutrition for optimizing pregnancy
outcomes. Furthermore, highly effective modulator therapy has
dramatically changed health for many individuals living with CF but has
unknown effects on pregnancy and diabetes. We eagerly anticipate an-
swers to some of these questions from the Prospective Study Evaluating
Maternal and Fetal Outcomes in the Era of Modulators (MAYFLOWERS),
a large multicenter prospective observational study in women with CF
characterizing the change in pulmonary function over the course of
pregnancy and evaluating the effect of CFTR modulators and other
factors on fetal and maternal outcomes. This study will also include a
sub-study collecting comprehensive CGM data in participants that will

Journal of Clinical & Translational Endocrinology 27 (2022) 100289

provide novel and important information about glycemia throughout
pregnancy in this patient population.

Conclusions

Women living with CF are increasingly pursuing pregnancy as CFTR
modulator therapies offer greater health and longevity. Diabetes, either
GDM or pre-gestational CFRD, is highly prevalent in pregnancy in CF
and has important implications for maternal care and fetal outcomes.
Aggressive screening, timely diagnosis, and prompt treatment of dia-
betes are critical to reduce risks of maternal and fetal complications. For
those with pre-gestational CFRD, diabetes management should be
optimized prior to conception to ensure best pregnancy outcomes. In-
sulin is the only recommended therapy for diabetes in pregnant women
with CF and may be administered through multiple daily injections or
insulin pump therapy. Management of diabetes in pregnant women with
CF can be uniquely challenging given high risk for hypoglycemia,
altered digestion, fluctuating insulin resistance levels and difficulties
with nutrition in CF diabetes and pregnancy. Ultimately, diabetes in
pregnant women with CF requires intensive endocrine and nutrition
care, ideally incorporated into the CF multidisciplinary team.
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