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ABSTRACT

Background/Objective: Fanconi—Bickel Syndrome (FBS) is an inherited disorder of glucose metabolism
resulting from functional loss of glucose transporter 2 characterized by fasting hypoglycemia
oscillating with postprandial hyperglycemia. Dysglycemia treatment strategies during FBS pregnancy
have not been reported, and insulin therapy carries significant risk due to fasting hypoglycemia in
FBS. We report for the first time: (1) glycemic profiles obtained via continuous glucose monitoring
(CGM), (2) CGM-guided strategies for cornstarch and nutritional therapy for fasting hypoglycemia
and postprandial hyperglycemia, respectively, and (3) placental glucose transporter 2 isoform
expression in a pregnant individual with FBS.
Case Report: A 27-year-old woman with FBS presented at 6 weeks gestation for management of
fasting hypoglycemia and postprandial hyperglycemia. Cornstarch therapy for fasting hypoglycemia
and nutritional therapy for postprandial hyperglycemia were iteratively adjusted across gestation
based on CGM-derived glycemic patterns. Pregnancy-specific glycemic targets were successfully
achieved, and she delivered a healthy term infant. Glucose transporter 2 isoform was not detected in
placental tissue.
Discussion: We report for the first time glycemic patterns across gestation in a pregnant individual
with FBS. Glycemic targets were achieved through stepwise optimization of nutritional and corn-
starch therapy, both guided by CGM data. Our approach obviated the need for insulin therapy, which
carries amplified risk in FBS.
Conclusion: Fasting hypoglycemia and postprandial hyperglycemia can be effectively treated through
CGM-guided adjustment of both nutritional and glucose polymer therapies in FBS pregnancy. More
broadly, our case highlights a novel application for CGM in the management of uncommon glucose
metabolism disorders during pregnancy.

© 2024 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Abbreviations: CGM, continuous glucose monitoring; FBS, Fanconi—Bickel syn-
drome; GLUT, glucose transporter; MNT, medical nutrition therapy; TIR, time in
range.
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Fanconi—Bickel Syndrome (FBS) is an inherited disorder with
autosomal recessive inheritance characterized by functional loss of
glucose transporter 2 (GLUT2), a facilitative glucose transporter
found in multiple tissues including hepatocytes, pancreatic beta
cells, renal tubular cells, and intestinal epithelial cells."” Functional
loss of GLUT2 leads to a distinctive pattern of dysglycemia

2376-0605/© 2024 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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characterized by (1) postprandial hyperglycemia due to decreased
utilization of glucose in the postprandial state resulting from
impaired monosaccharide uptake by the liver, possibly enhanced
by impaired pancreatic insulin secretion; and (2) fasting hypogly-
cemia due to impaired glucose mobilization from the liver that is
augmented by renal glucose loss.' " Affected individuals addition-
ally manifest proximal renal tubular dysfunction and profound
short stature.! General clinical management strategies for FBS
include “frequent small meals”>* and overnight uncooked corn-
starch,* a glucose polymer that is broken down slowly, to amelio-
rate fasting hypoglycemia. However, specific guidance for
treatment of FBS-associated dysglycemia has not been reported,
including during pregnancy.

Optimal glycemia during pregnancy is of paramount impor-
tance, given the increased risk of adverse pregnancy outcomes
with poor glycemic control including hypertensive disorders of
pregnancy, cesarean birth, miscarriage/stillbirth, fetal growth
disturbance, preterm delivery, neonatal hypoglycemia, respira-
tory complications, and neonatal intensive care unit admission.’
These risks are substantially decreased with optimal glycemic
control,’ and glycemic targets for pregnant individuals with
type 1 or type 2 diabetes® are shown in Table 1. Clinical man-
agement of FBS-associated dysglycemia during pregnancy pre-
sents unique challenges because of the following: (1) glycemic
patterns in pregnancy affected by FBS have not been reported;
(2) specific guidance for cornstarch therapy and medical nutri-
tion therapy (MNT) for treatment of FBS-associated dysglycemia
has not been described; and (3) due to the elevated fasting
hypoglycemia risk, avoidance of insulin therapy (the standard
medical therapy for hyperglycemia during pregnancy®) is rec-
ommended in FBS.*

The objectives of this report are to describe for the first time (1)
glycemic profiles obtained via CGM; (2) CGM-guided specific
management strategies for treatment of both fasting hypoglycemia
and postprandial hyperglycemia; and (3) placental GLUT isoform
expression in a pregnant individual with FBS.

Case Report

A 27-year-old woman with FBS presented at 6 weeks gestation
for management of dysglycemia during pregnancy. Pregnancy
history was notable for a miscarriage at age 22, and a term cesarean
delivery at age 23 (birth weight 3.16 kg). During her previous
pregnancy, overnight tube feeds to treat hypoglycemia were
complicated by gastrointestinal adverse effects and postprandial
hyperglycemia; prandial insulin therapy was considered but never
started due to hypoglycemia risk. Diagnostic CGM performed once
during prior pregnancy revealed postprandial hyperglycemia and
overnight hypoglycemia with hypoglycemia unawareness. Past
medical history included proximal renal tubular acidosis compli-
cated by hypophosphatemia and hypokalemia, and rickets with
osteomalacia. Physical examination was notable for profound short
stature (height 116.8 cm [3' 10"]) and weight 43.4 kg (96 Ib). He-
moglobin Alc (HbAlc) on presentation was 5.9%, consistent with
the mild hemoglobin Alc elevations previously reported in FBS,*’
presumably reflecting alternating periods of hypoglycemia and

Table 1
Recommended Glucose Targets for Pregnant People with Pre-existing Diabetes
(American Diabetes Association)

Fasting glucose
One-hour postprandial glucose
Two-hour postprandial glucose

70—95 mg/dL (3.9—5.3 mmol/L) and either
110—140 mg/dL (6.1—7.8 mmol/L) or
100—120 mg/dL (5.6—6.7 mmol/L)
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Highlights

Fanconi—Bickel Syndrome (FBS) leads to dysglycemia.
Dysglycemia treatment strategies during FBS pregnancy
have not been reported.

Insulin therapy carries significant risk in FBS due to fasting
hypoglycemia.

Continuous glucose monitoring allows targeted nutrition and
cornstarch therapy.

e Our treatment approach obviated the need for insulin therapy.

Clinical Relevance

We report for the first time glucose trends, cornstarch and
nutritional strategies for treatment of dysglycemia, and
placental glucose transporter 2 expression in a pregnancy
complicated by Fanconi—Bickel Syndrome. Our case highlights
a novel application for continuous glucose monitoring in man-
aging uncommon glucose metabolism disorders during
pregnancy.

hyperglycemia. Periodic blood glucose monitoring showed marked
variability, ranging from 38 mg/dL in the fasting state overnight to
above 400 mg/dL postprandially. CGM (Dexcom G6, San Diego,
California) was initiated at 7 weeks gestation, showing time in
range (TIR) of 52% (Fig. 1A), below the goal of >70% time in the
pregnancy-specific target range of 63-140 mg/dL recommended for
pregnant individuals with pregestational type 1 diabetes.® Defen-
sive carbohydrate intake, which was consumed to prevent fasting
hypoglycemia, led to postprandial hyperglycemia and glycemic
variability.

Long-acting uncooked cornstarch therapy (Glycosade, Vitaflo)
to ameliorate fasting hypoglycemia and MNT aimed at ameliora-
tion of postprandial hyperglycemia were initiated (Table 2). By 17
weeks gestation, she achieved TIR >70% (Fig. 1B), with improve-
ment in both fasting hypoglycemia and postprandial hyperglyce-
mia. Throughout gestation, serial adjustments to long-acting and/
or short-acting cornstarch therapy and MNT were performed
iteratively based on CGM trends (Table 2). She was largely able to
maintain TIR >70%, except for transient periods of postprandial
hyperglycemia that improved with iterative nutritional adjust-
ments guided by patient- and provider-observed glycemic
response on CGM. By 33 weeks gestation, premeal hypoglycemia
emerged at the end of the cornstarch dosing interval. Co-admin-
istration of whole milk as a source of fat and protein together with
cornstarch therapy, to prolong its duration of action, enabled
achievement of 84% TIR by 35 weeks gestation and 79% TIR by 37
weeks gestation. Total weight gain during pregnancy was 18 1b
(8.2 kg), which was within the target range for her body mass
index.

She underwent uncomplicated cesarean delivery at 38 weeks 2
days gestation, delivering a healthy female infant weighing 3.45 kg
(7 b 9.7 oz). The neonate had a brief neonatal intensive care unit
admission for hypoglycemia requiring treatment with glucose gel
but otherwise did well and was discharged home on postoperative
day 3. Approval was obtained from the institutional review board to
perform placenta sn-RNA seq preparation and analysis. Nuclei were
isolated from 100 mg of placenta preserved in RNAlater (Thermo-
Fisher) using a protocol adapted from Mas et al.® Libraries were
prepared using Chromium single cell 3’ reagent kit (10x Genomics)
and sequenced on NovaSeq X (Illumina). Reads were aligned to the
reference genome (GRCh38) using Cell Ranger (v6.1.2). Seurat
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Fig. 1. Continuous glucose monitoring data from a pregnant individual with Fanconi—Bickel Syndrome in the first trimester (7 weeks gestation; A) and second trimester (17 weeks
gestation; B). By convention during pregnancy,® glucose target range was defined as 65-140 mg/dL (the lower limit of the target range is set to 65 mg/dL instead of 63 mg/dL when
5 mg/dL is the minimum increment available on the software program). Standard goal for % time in range is >70% for type 1 diabetes pregnancy (noting that the recommended goals
during pregnancy for time spent in target ranges were not specified for pregestational type 2 diabetes or gestational diabetes due to insufficient data®). Fourteen days of glucose
data are displayed by convention as the Ambulatory Glucose Profile (AGP). At 7 weeks gestation (A), the patient had 52% time in range. At 17 weeks gestation (B), the patient had 78%

time in range.

Table 2

Key Modifications to Cornstarch Dosing in a Pregnant Individual with Fanconi—Bickel Syndrome

GA Long-acting cornstarch Short-acting Glucose trends noted Therapeutic adjustment made
(Glycosade)/liquid cornstarch (Argo)
dose
8 None None Intermittent hypoglycemia (30-40 mg/  Added 60 g Glycosade at bedtime
dL) overnight and early morning
9 60 g at bedtime in water None Hypoglycemia in early morning Bedtime Glycosade increased to 75 g and then 90 g at
bedtime
13 90 g at bedtime in water none Hypoglycemia before waking (5—6 am) Increased bedtime/overnight Glycosade dose
Some premeal hypoglycemia during the  Snack with fat and protein added to bedtime Glycosade
day to prolong duration of action
Argo added mid-morning and mid-afternoon
17-18 120 g at bedtime and 30 g at 8gatl0avand4prm  Glycemic targets achieved No changes
4 am in water
20 120 g at bedtime and 30 g at 8 gat 10 am and 4 pm Overnight hyperglycemia Bedtime Glycosade dose decreased
4 am in water
28 90 g at bedtime and30gat3am 8 gat10avmand4pm  Early overnight hyperglycemia and late  Changed Glycosade to 60 g at bedtime and 60 g at 2 Am
in water overnight hypoglycemia Subsequently changed to 30 g at bedtime and 30 g at 3
awm for overnight hyperglycemia
29 30 gatbedtimeand30gat3av 8gatl0amand4prvm  Hyperglycemia overnight and Decreased Glycosade to 20 g at bedtime and 20 g at 3 am
in water postmeals Discontinued Argo at 10 am
Argo being taken with 10 am meal Discontinued Argo at 4 pm unless dinner will be
rather than as mid-morning snack consumed after 6 pm
30 20 g at bedtime and 20 gat3 am  Only taken if dinner Initially glycemic targets achieved then Increased to 20 g at 9 pm, 1 Am, and 5 Am
in water eaten later than 6 pm overnight hypoglycemia
33 20 gat9rem, 1 am, and 5 am in None Intermittent hypoglycemia 2-3 h after 4 oz lactose-free whole milk added to Glycosade to add
water Glycosade administration protein/fat to promote slower digestion
35 20gat9prm, 1 amand 5 am in None Overnight hyperglycemia Glycosade dose decreased and 5 am Glycosade

lactose-free whole milk

discontinued
9 rm and 1 am Glycosade doses continued to be mixed in
lactose-free whole milk to promote slower digestion

Abbreviations: GA = gestational age.
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Fig. 2. Single-nuclear RNA-seq of placenta from patient with Fanconi—Bickel syndrome reveals no GLUT2 expression in any placenta subpopulations A. UMAP (Uniform manifold
approximation and projection) plot of placenta nuclei subpopulations, colored by cell identity. UMAP clusters were identified from high-quality nuclei (200—2500 features, <5%
mitochondrial counts) using Seurat’s “FindNeighbors,” “FindClusters,” and “RunUMAP” functions with n = 13 dimensions. Cell type identities were assigned to each cluster by
examining expression of known lineage-specific marker genes.”!' B. Dot-plot of selected placenta lineage marker genes in all populations C. Violin plots (Top) and feature plots
(bottom) of GLUT2, GLUT1 and GLUT3 expression in all placenta populations. GLUT = glucose transporter 2; EVT = extravillous trophoblast; SCT = synctiotrophoblast; VCT = villous

cytotrophoblast.

v5.0.2 was utilized to perform guided clustering analysis and
examine cluster-specific GLUT isoform expression. GLUT2 (SLC2A2)
was not detected in any placenta subpopulations, while GLUT1
(SLC2A1) was expressed at high levels and GLUT3 at more modest
levels (Fig. 2C).

Discussion

For the first time we report glucose data, including CGM-derived
glycemic patterns, in a pregnant individual with FBS, an inherited
disorder of glucose metabolism resulting from functional loss of
GLUT2 characterized by fasting hypoglycemia oscillating with
postprandial hyperglycemia.” While FBS is rare, the unique gly-
cemic profile of FBS amplifies, via distinct pathophysiologic
mechanisms, the glycemic patterns commonly observed during
pregnancy. During pregnancy, a universal progressive rise in insulin
resistance facilitates increased glucose availability for the devel-
oping fetus while decreased fasting glucose concentrations are
observed due to both volume expansion in early pregnancy and
augmented fetoplacental glucose utilization in late pregnancy,'” a
metabolic pattern classically termed “accelerated starvation and
facilitated anabolism.”” Since insulin use carries uniquely increased
hypoglycemia risk in FBS, optimization of nutritional therapy that
may obviate the need for insulin therapy is all the more essential.
Furthermore, risks of maternal hyperglycemia and resultant
increased fetal gestational weight gain are potentially heightened
in this mother with profound short stature.
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Achieving glycemic targets is crucial during pregnancy,’® as
maternal hyperglycemia leads to fetal hyperglycemia and hyper-
insulinemia via GLUT-mediated transplacental glucose diffusion,'°
increasing risk of fetal and maternal complications.>® Over 14
unique GLUT2 (SLC2A2) variants have been linked to FBS,
resulting in varying loss of function effects on transport and
expression levels when examined in vitro.”> The most well--
characterized placental GLUT is GLUT1 (SLC2A1), which is widely
distributed throughout the placenta.'*'” GLUT3 has intermediate
placental expression, and other isoforms including GLUT4, GLUT9,
and GLUT12 have been observed at low levels."’ Critically, GLUT2
(SLC2A2) transcript and protein have not been detected in preterm
or term placenta.®!® We examined placental GLUT isoform
expression to assess whether placental GLUT expression and dis-
tribution deviated from expected patterns, as dysfunctional GLUT2-
mediated maternofetal placental glucose transport could poten-
tially lessen transplacental glucose transport and mitigate fetal
hyperglycemia. However, consistent with previously reported
patterns, GLUT2 (SLC2A2) was not detected in any placenta sub-
populations (Fig. 2C), suggesting that functional loss of GLUT2 does
not differentially impact maternofetal glucose transport and that
conventional hyperglycemia treatment strategies should be
employed in FBS.

No guidance currently exists describing specific nutritional or
cornstarch treatment strategies for FBS-associated dysglycemia in
pregnancy, and the fasting hypoglycemia characteristic of FBS
presents unique safety concerns with exogenous insulin use.
One successful pregnancy in a woman with FBS who had
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gestational diabetes was reported,” but glucose data and specific
treatment strategies were not available. CGM use, a cornerstone of
modern diabetes management,’ has not previously been
described in FBS.

In this case, we achieved conventional pregnancy CGM targets
through (1) stepwise adjustments of cornstarch therapy, and (2)
optimization of MNT strategies, both iteratively guided by CGM
trends. At varying points of gestation, CGM data revealed post-
prandial hyperglycemia and varying patterns of overnight hypo-
and hyperglycemia despite implementation of the recommended
“frequent small meals” and cornstarch therapy,>* glycemic patterns
that would likely have been unrecognized without CGM use. CGM-
guided modifications to meal composition, including pairing protein
intake with both mealtime carbohydrate and cornstarch intake and
substitution of high- for low-glycemic index carbohydrates, were
effective in ameliorating even severe postprandial hyperglycemia
(intermittently greater than 400 mg/dL at presentation). Impor-
tantly, our treatment approach obviated the need for insulin ther-
apy, which carries uniquely amplified risk in FBS and in the setting of
hypoglycemia unawareness, which significantly increases risk of
severe hypoglycemic events.?’ While FBS is rare, we provide the first
description for other clinicians caring for pregnant individuals with
FBS successful dysglycemia monitoring and treatment strategies.
Additionally, our report more broadly illustrates how both con-
ventional MNT and infrequently-used glucose polymer therapies
can be successfully tailored to CGM-derived glycemic patterns,
highlighting a novel application for CGM in the management of
uncommon glucose metabolism disorders during pregnancy.
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