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Abstract

Aim: To determine whether continuous glucose monitoring (CGM) can reduce hypoglycaemia in
patients with post-bariatric hypoglycaemia (PBH).

Materials and Methods: In an open-label, nonrandomized, pre-post design with sequential
assignment, CGM data were collected in 22 individuals with PBH in two sequential phases: (i)
masked (no access to sensor glucose or alarms); and (ii) unmasked (access to sensor glucose and
alarms for low or rapidly declining sensor glucose). Twelve participants wore the Dexcom G4
device for a total of 28 days, while 10 wore the Dexcom G6 device for a total of 20 days.

Results: Participants with PBH spent a lower percentage of time in hypoglycaemia over 24
hours with unmasked versus masked CGM (<3.3 mMY/L, or <60 mg/dL: median [median absolute
deviation {MAD}] 0.7 [0.8]% vs. 1.4 [1.7]%, P=0.03; <3.9 mM/L, or <70 mg/dL: median
[MAD] 2.9 [2.5]% vs. 4.7 [4.8]%; P=0.04), with similar trends overnight. Sensor glucose data
from the unmasked phase showed a greater percentage of time spent between 3.9 and 10 mM/L
(70-180 mg/dL) (median [MAD] 94.8 [3.9]% vs. 90.8 [5.2]%; ~£=0.004) and lower glycaemic
variability over 24 hours (median [MAD] mean amplitude of glycaemic excursion 4.1 [0.98] vs.
4.4 [0.99] mM/L; P=0.04). During the day, participants also spent a greater percentage of time in
normoglycaemia with unmasked CGM (median [MAD] 94.2 [4.8]% vs. 90.9 [6.2]%; £ = 0.005),
largely due to a reduction in hyperglycaemia (>10 mM/L, or 180 mg/dL: median [MAD] 1.9
[2.2]% vs. 3.9 [3.6]%; £=0.02).
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Conclusions: Real-time CGM data and alarms are associated with reductions in low sensor
glucose, elevated sensor glucose, and glycaemic variability. This suggests CGM allows patients
to detect hyperglycaemic peaks and imminent hypoglycaemia, allowing dietary modification and
self-treatment to reduce hypoglycaemia. The use of CGM devices may improve safety in PBH,
particularly for patients with hypoglycaemia unawareness.
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1| INTRODUCTION

Bariatric surgery is an effective approach to weight loss and obesity-associated
comorbidities. For example, surgery is associated with improved glycaemic control,
remission of type 2 diabetes, reduction in cardiovascular disease, reduced mortality and
reduction in diabetes-related complications, in comparison to medical management.1~7
However, improvements in overall glucose metabolism are associated with an increased

risk of hypoglycaemia in some individuals, a condition termed post-bariatric hypoglycaemia
(PBH).

Post-bariatric hypoglycaemia can occur after either Roux-en-Y gastric bypass (RYGB)

or sleeve gastrectomy. Hypoglycaemia can also develop after other upper gastrointestinal
surgeries, including fundoplication in adults® and children.10.11 Prevalence estimates
depend on the methods used, ranging from <1% requiring hospitalization2:13 to 36% of
individuals with symptoms of hypoglycaemia reported on surveys.1* Onset of this condition
is typically observed at least 1 year postoperatively, but occasionally many years later.

Patients with PBH can experience both autonomic and neuroglycopenic symptoms of
hypoglycaemia, typically 1 to 3 hours after meals, and especially after consumption of

high glycaemic index carbohydrates. Recurrent hypoglycaemia can contribute to a high
prevalence of hypoglycaemia unawareness. One study using continuous glucose monitoring
(CGM) found that 75% of asymptomatic post-RYGB patients had sensor glucose levels
below 3.1 mMY/L (55 mg/dL).1® Such hypoglycaemia unawareness can lead to impaired
quality of life, job loss and disability, and reduced safety due to loss of consciousness, falls,
and seizures.

The pathophysiology of PBH is complex and incompletely understood. Glycaemic patterns
are characterized by a precipitous rise in plasma glucose following a meal, followed by

a rapid fall to hypoglycaemic levels.16 Early post-meal rises in glucose are typically
associated with rapid gastric emptying of ingested nutrients into the proximal intestine;

this can trigger symptoms of dumping syndrome, with lightheadedness, palpitations, fatigue,
and abdominal cramping.17-18 Postprandial rises in glucose and exaggerated secretion of the
incretin hormone glucagon-like peptide-1 (GLP-1) together trigger excessive secretion of
insulin and subsequent rapid drops in glucose levels.1920 Additional contributors to PBH
may include reduction in counterregulatory hormone response, 2122 including blunting of
hepatic glucose production during hypoglycaemia, shifts in the gut microbiome24 and
alterations in the bile acid-FXR-FGF19 axis.2>-2/
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Unfortunately, PBH is a chronic condition and long-term treatment options are often
incompletely effective but include dietary modification to reduce high-glycaemic-index
carbohydrate intake and to ensure adequate protein and micronutrient intake,?8 acarbose

or miglitol to slow carbohydrate absorption,2? and somatostatin analogues (eg, octreotide or
pasireotide)30 and diazoxide31:32 to reduce insulin secretion.

Given that hypoglycaemia unawareness can threaten safety, and current therapies are unable
to fully eliminate hypoglycaemia,33 additional approaches are needed. We hypothesized

that use of a real-time CGM device with alarms would allow patients with PBH to

detect imminent, precipitous decreases in sensor glucose and/or low sensor glucose

values, allowing them to self-treat before severe hypoglycaemia develops. We tested this
hypothesis by analysing glycaemic patterns in patients with PBH during sequential periods
of wearing masked and unmasked CGM devices in a real-world setting to determine whether
availability of sensor glucose information would allow patients to decrease glycaemic
variability and reduce hypoglycaemia frequency and severity.

2| METHODS

The Joslin Diabetes Center Committee on Human Studies approved the study. Written
informed consent was obtained from all participants. Participants aged 18 to 75 years,
with a history of RYGB and clinical diagnosis of PBH, were recruited from the Joslin
Hypoglycemia Clinic (Figure S1).

Diagnosis of PBH required fulfilment of Whipple’s triad (symptoms of hypoglycaemia, low
plasma or capillary glucose [<3 mM/L], and relief of symptoms with treatment to increase
glucose), with or without neuroglycopenia (defined by prior episodes of documented
hypoglycaemia associated with altered mental status or consciousness requiring assistance
of others, with or without seizure). CGM was not utilized to diagnose PBH. Exclusion
criteria were current diagnosis of diabetes or current use of diabetes medications (except
acarbose), major systemic illness, cardiac arrhythmia, hypertension, active coronary artery
disease, fasting hypoglycaemia, insulinoma, pregnancy, active alcohol or substance abuse,
and recent steroid or investigational drug exposure. Participants were investigated as
indicated during clinical care to rule out other contributors to hypoglycaemia, including
adrenal insufficiency and autonomous insulin secretion, which was excluded by assessment
of glucose and insulin levels after an overnight or longer fast.

The study used an open-label, nonrandomized, pre-post design with sequential assignment
to evaluate the efficacy of unmasked CGM in reducing the frequency of hypoglycaemia
and glycaemic variability in the real-world setting, in the presence of participants’

existing treatment plan (including both meal plan and medications). Masked monitoring
was performed first in all participants, as providing unmasked data to participants first
could have altered their dietary or other patterns and reduced the ability of the study to
independently assess any effect of the CGM intervention. Participants were not permitted to
wear personal CGM devices during study participation. At study initiation, the Dexcom G4
Professional CGM device was available for blinded use. Participants wearing the G4 device
(n = 13) attended five study visits, each 7 days apart (Figure S2A). During the course of
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the study, the Dexcom G6 was approved by the US Food and Drug Administration, and the
study protocol was modified to reflect the longer duration of sensor wear (10 days for the
G6 versus 7 days for the G4 device); participants on the G6 system (n = 10) attended three
visits, each 10 days apart (Figure S2B).

Visit 1 included consent, review of inclusion and exclusion criteria, medical history,
physical examination, and laboratory testing (glycated haemoglobin, complete blood
count, comprehensive chemistry, urine analysis, and pregnancy test if applicable).
Participants completed the Hypoglycaemia Fear Survey version Il (HFS-11)34 to assess
fear of hypoglycaemia and its impact on their daily routine, and two surveys to

assess hypoglycaemia awareness: the Gold Score3® and a modified Clarke Hypoglycemia
Awareness Questionnaire.38 Participants using the G6 system also completed the Edinburgh
Hypoglycaemia Symptom Scale (EHSS)37 and the Dumping Symptom Rating Scale
(DSRS).18 Surveys were repeated at subsequent visits, but the Hypoglycaemia Fear
Survey was inadvertently omitted for Visits 2/3 for participants in the Dexcom G6 phase.
Participants were instructed in completion of a detailed log to record symptoms, capillary
glucose, any action taken to address hypoglycaemia (eg, food, glucose type and quantity,
effectiveness), activity, oral intake (food and drink), and alarms (for the unmasked phase)
to complete during both phases. Participants were asked to continue their current medical
nutrition therapy-based meal plans during the study.

The Dexcom CGM sensor and transmitter were inserted on the anterior abdomen and set

to masked mode. Participants were provided a capillary glucose monitor and instructed in
its use. Those who wore the G4 system were specifically taught how to calibrate the CGM
with the capillary glucose monitor 2 hours after sensor insertion and then once every 12
hours during the period of wear. The G6 system did not require calibration. For participants
using the G4 system, a new CGM sensor was placed and again set to masked mode during
Visit 2 (7 days after Visit 1). During the masked mode, no alarms or other information were
received by the participant.

Unmasked monitoring (in which participants were aware of sensor glucose data and received
alarms) was initiated during Visits 3 and 4 (7 days apart) and completed at Visit 5 for those
wearing a G4 system. For those wearing the G6 system, the unmasked mode was initiated
during Visit 2 and completed at Visit 3. Participants were provided a handheld receiver

to display glucose values and sound alarms. Alarms were set for (i) sensor glucose <3.9
mM/L; (ii) sensor glucose 3.1 mM/L; and (iii) trend alarm for glucose decrease of =0.17
mM/L/min. Participants were instructed in the meaning of the alarms and the suggested
responses (Figure S3).

At the final study visit, patterns of hypoglycaemia and any recommendations for dietary or
medication adjustments were reviewed with the participant by the study clinician.

2.1 | Statistical analysis

Demographic data are reported as mean + standard deviation. Each sensor glucose reading
(every 5 minutes) counted as a datapoint for a participant. Median and median absolute
deviation (MAD) values for CGM variables are reported; paired differences were analysed

Diabetes Obes Metab. Author manuscript; available in PMC 2024 January 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cummings et al.

Page 5

with the Wilcoxon signed-rank tests, as noted. Percent distribution was calculated by
dividing the number of sensor glucose values above or below a given threshold by the

total number of values within that timeframe. Hypoglycaemic events were defined as having
glucose levels lower than or equal to the threshold for at least 15 minutes, ending when
glucose exceeds the threshold. Hypoglycaemic event values were normalized by dividing

the number of events by the number of days of data. Daytime was defined as 6:00 AM

to 11:59 PM and nighttime was defined as 12:00 AM to 5:59 AM. Glucose metrics were
calculated using the R package iglu,38 while rGV was used for calculation of hypoglycaemia
episodes.39 All analyses were performed using R.

Surveys were administered to assess hypoglycaemia unawareness and hypoglycaemia-
related behaviours and fears. For both Gold and Clarke scores, scores <2 indicate

normal hypoglycaemia awareness, scores of 3 indicate undetermined awareness status,

and scores >4 indicate impaired awareness of hypoglycaemia.3®36 The HFS-11 survey
includes a behaviour subsection (HFS-B), which addresses behaviours performed to avoid
hypoglycaemia and yields scores from 0 to 60, and a worry subsection (HFS-W), which
addresses concerns about hypoglycaemia and yields scores from 0 to 72.34 For both
subsections, a higher score indicates a greater impact of hypoglycaemia. Hypoglycaemia
fear questionnaires were administered to participants using the G6 device only at their

first visit due to study staff oversight. Gold and Clarke raw scores were analysed as

both continuous variables and as categorical values using the categories described above.
Differences in raw Gold and Clarke scores between study visits were analysed using
repeated-measures ANOVA, followed by post-hoc Tukey honestly significant difference test.
Categorical Gold and Clarke scores were analysed via a Cochran-Mantel-Haenszel test and
a Kruskal-Wallis test. HFS-B and HFS-W scores were analysed as continuous variables via
repeated-measures analysis of variance.

3| RESULTS

The study enrolled 25 participants, of whom 13 wore a G4 device and 10 wore a G6 device;
two participants were lost to follow-up before CGM download, and one was excluded due
to corrupted data, leaving a final study cohort of 22 participants with analysable CGM
datasets (Table 1). Ninety percent of participants were female, consistent with the higher
prevalence of PBH in women.#%41 The mean body mass index was 30.6 + 6.0 kg/m?,

with a postoperative duration of 9.6 + 8.0 years (range 1.1 to 30.6 years). Eighty-two
percent of participants had experienced level 3 hypoglycaemia (severely altered cognition
requiring the assistance of others#2) and all participants had experienced neuroglycopenia.
Hypoglycaemia (<3 mM/L) was confirmed by capillary (n = 22) and/or venous (n =

3) glucose values. Ninety-five percent of participants had received PBH-specific medical
nutrition therapy in the past, while medication use had included acarbose (95%), octreotide
(5%), and/or diazoxide (5%). Changes in therapy during the study included clinician
initiation of acarbose due to concern for safety due to recurrent severe hypoglycaemia

and syncope (n = 1, masked phase), and participant self-modification during the unmasked
phase, including acarbose dose reduction (n = 2), discontinuation (n = 1) and cornstarch
initiation (n = 1).
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There were no changes in octreotide or diazoxide therapy. Thirty-six percent of participants
reported some alcohol intake during screening history query. The EHSS, which surveys
hypoglycaemia symptoms with a possible range of scores from 18 to 126, yielded a mean
score of 51.3 £ 20.4. The DSRS, which surveys dumping syndrome symptoms with a
possible range from 9 to 63, yielded a mean score of 24.3 + 6.6.

The CGM devices were active for a median (MAD) 96.8 (3.6)% of masked and 98.1
(1.7)% of unmasked phase wear. Masked data analysis revealed patterns consistent with
prior studies of masked data for this population.*3

The CGM results over 24 hours in the masked versus unmasked phases are displayed in
Table 2. No significant differences between the masked and unmasked phase were found

for mean, median, peak, nadir, or range over 24 hours (Figure 1A). However, distribution

of glucose values differed between masked and unmasked wear. As seen in the ambulatory
glucose profile in Figure 1B and in the bar graph in Figure 1C, the percentage of time below
3.9 mM/L was significantly lower for the unmasked phase (median [MAD] 2.9 [2.5]%
unmasked vs. 4.7 [4.8]% masked; £= 0.04)—a mean reduction of 26 minutes per day.
Fifteen of the 22 participants spent less time below 3.9 mM/L when unmasked (Figure

1D). Similar reductions in time below 3.3 mM/L were observed (0.7 [0.8]% unmasked

vs. 1.4 [1.7]% masked; £=0.03). We also observed a reduction in the number of events
(normalized per day of CGM device wear) in which sensor glucose level was 3.3 mM/L for
at least 15 minutes (median [MAD] unmasked 0.2 [0.3] vs. masked 0.3 [0.4]; = 0.04), with
similar numerical reductions for events <3 mM/L (Table 2 and Figure 2A).

Likewise, percentage of time in range (between 3.9 and 10 mM/L) was greater for the
unmasked phase (median [MAD] 94.8 [3.9]%) than the masked phase (median [MAD] 90.8
[5.2]%; P=0.004 [Figures 1B and S4A]). Seventeen of the 22 participants spent more

time between 3.9 and 10 mM/L when unmasked (Figure S4B). Glycaemic variability, as
calculated by mean amplitude of glycaemic excursion (MAGE), was significantly lower

for the unmasked (median [MAD] 4.1 [1.0] mM/L) as compared with the masked phase
(median [MAD] 4.4 [1.0] mM/L; P= 0.04). Standard deviation tended to be lower in the
unmasked phase, but other measures of glycaemic variability did not differ.

We next analysed CGM data during daytime and nighttime periods independently (Tables 3
and 4, respectively). There were no significant differences in median, mean, peak, nadir, or
range during either daytime or nighttime. However, the distribution of sensor glucose values
differed in masked and unmasked phases. During the daytime, the percent of sensor glucose
values between 3.9 and 10 mM/L was higher in the unmasked versus masked phase (median
[MAD] 94.2 [4.8]% vs. 90.9 [6.2]%; £ = 0.005) while the percent above 10 mM/L was
lower in the unmasked phase (median [MAD] 1.9 [2.2]% vs. 3.9 [3.6]%; P = 0.02 [Figure
3A]). Percent values below 3.9 mM/L were also numerically lower in the unmasked phase,
but differences did not reach statistical significance. Glycaemic variability was significantly
lower in the unmasked phase during the day, with significant reductions in daytime standard
deviation (median [MAD] 1.5 [0.4] mM/L unmasked vs. 1.7 [0.4] mg/dL masked; P= 0.03)
and continuous overall net glycaemic action (CONGA)-24 hours (median [MAD] 1.9 [0.5]
mM/L unmasked vs. 2.2 [0.7] mg/dL masked; = 0.03). While the percent time spent in
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hypoglycaemic ranges tended to be lower in the unmasked phase during the night (Figure
3B), the number of events with sensor glucose 3.3 mM/L was significantly lower during

the unmasked phase (P = 0.02; Table 4 and Figure 2C). Interestingly, several measures of
glycaemic variability were higher at night, reaching significance for CONGA-1 hour and
CONGA-2 hours (P < 0.05 for both). There were no significant differences between percent
distribution data derived from Dexcom G4 as compared with G6 systems (Tables S2—-S4).

We performed a sensitivity analysis which excluded those five study participants who had
adjustment of hypoglycaemia therapies of any type during the course of the study (described
above). Analysis of this subcohort (n = 17) demonstrated similar patterns to those of the
entire cohort. For all comparisons that were significant in the entire cohort, directionality
and magnitude of change was similar in the subcohort analysis, with significance remaining
for time above 10 mM/L during the day (reduced in unmasked phase), daytime CONGA-24
hours (reduced in masked phase), and nighttime CONGA-1 hour and CONGA-2 hours
(increased in masked phase).

During the unmasked phase, alarms were triggered by glycaemic excursions (at least one
value <3.9 or >10 mM/L); for the 10 participants wearing the G6 device, alarm information
was available from the device download. Surprisingly, there were only six alarms in two
participants wearing the G6 device in the unmasked phase (two alarms <3.9 mM/L and
two >10 mM/L in one participant, two alarms <3.9 mM/L in another participant). By
comparison, there were 64 episodes in the masked phase (which would have triggered
alarms if not masked) in these same participants.

We analysed hypoglycaemia awareness and fear based on surveys completed by participants
at each study visit. The Gold score, reflecting self-reported unawareness, was significantly
higher after completion of the unmasked phase, with the percentage of participants reporting
impaired awareness increasing from 50% after completion of the masked phase, to 67%
after completion of the unmasked phase (Figure S5A/B). Similarly, there was a significant
increase in raw Clarke score during the course of the study, with a significant increase in

the percentage reporting impaired awareness (Figure S5C/D). Fear of hypoglycaemia was
assessed using the HFS-I1 survey. There were no significant differences between visits,

but scores for both domains (behaviour and worry) trended higher after completion of the
unmasked phase (Figure S5E/F).

There were no direct adverse effects of sensor wear, including infection, bleeding, or severe
cutaneous irritation. Two participants reported mild erythema at the site of a single Dexcom
G4 sensor insertion. One participant reported transient discomfort at the site of the sensor
after a single insertion.

4| DISCUSSION

Similarly to patients with diabetes, patients with PBH can experience severe hypoglycaemia
with neuroglycopenia, and recurrent hypoglycaemia can be associated with hypoglycaemia
unawareness, further compromising patient safety. We hypothesized that the availability of
sensor glucose data from CGM could help reduce hypoglycaemia and mitigate glycaemic
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variability in patients with PBH in a real-world setting. To test this hypothesis, we
compared glycaemic patterns during masked (no alarms or sensor glucose data available
to participants) and unmasked (full data and alarms available) CGM in a real-world setting.

Our study cohort displayed glycaemic patterns in general agreement with those of previous
analyses of patients with PBH.4344 Relative to healthy individuals,*® they spent more time
in hypoglycaemia and had increased measures of glycaemic variability, consistent with
PBH.

Paired analysis of unmasked data as compared with masked data for individual participants
revealed that provision of real-time sensor glucose data and alarms informing patients of
impending or current low sensor glucose can significantly: (i) increase time in range; (ii)
shorten the percent time spent in hypoglycaemic range by up to 50%; (iii) reduce the number
of episodes with sensor glucose <3.3 mM/L; and (iv) reduce glycaemic variability. The
observed 4% improvement in time in range represents a meaningful change, as defined

by the recent international consensus statement for CGM metrics for clinical trials.46 The
reduction in sensor glucose values below 3.9 mM/L translates to a 26-minute reduction over
24 hours, a substantial and likely clinically meaningful improvement.

We next evaluated whether the significant reductions in low sensor glucose over 24

hours were preferentially observed during daytime or nocturnal hours. While the number
of data points was reduced with the time-stratified analysis, the improvement in sensor
glucose values associated with unmasked CGM wear was greater during daytime periods.
Interestingly, unmasked CGM had a greater impact on reduction of time spent in
hyperglycaemia and increased time in range during the day, with a trend for reduction in
sensor glucose values of <3.9 mM/L. Likewise, measures of glycaemic variability were
numerically lower, reaching significance for standard deviation and CONGA-24 hours
during daytime hours. These patterns were also observed in the sensitivity analysis of
those participants without medication adjustment. Collectively, these findings suggest that
patients’ increased awareness of post-meal spikes may be a significant contributor to
improvement in glycaemic patterns in the unmasked phase, potentially leading to improved
avoidance of foods which provoke glycaemic spikes and reduction in variability from day to
day.

During nocturnal hours, there was a trend for reduced sensor glucose levels at several
thresholds (<3.9, 3.3, and 3.0 mMY/L) and a reduction in events <3.3 mM/L lasting =15
minutes. This is especially important given that symptom awareness is reduced during
nocturnal hours,*”:48 and that recurrent nocturnal hypoglycaemia may contribute particularly
to hypoglycaemia unawareness.*? Interestingly, both CONGA-1 hour and CONGA-2 hours
were higher in the unmasked phase at night, with similar trends for other markers of
glycaemic variability, for unclear reasons. It is important to note that one participant spent
more time in hypoglycaemia and less time in range during the unmasked phase (Figures

1D and S4B). Inspection of this individual’s unmasked CGM data and food diary revealed
several days of little to no food intake, underscoring the importance of maintaining adequate
nutrition while avoiding high glycaemic index carbohydrates.
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We hypothesized that the reduction in low sensor glucose values and events with unmasked
CGM device wear would probably be related to changes in behaviour linked to either
awareness of glucose levels or receipt of alarms, prompting treatment with glucose tablets/
gel, and/or a snack to achieve euglycaemia. Additionally, early treatment of hypoglycaemia
and prevention of severe hypoglycaemia may increase awareness,*® further reducing
subsequent hypoglycaemia. As described above, we were surprised to find only six alarms in
two participants wearing the G6 device in the 10-day unmasked phase. By comparison, there
were 64 episodes in the masked phase (which would have triggered alarms if not masked)

in these same participants. This again demonstrates a marked improvement in low sensor
glucose values. Moreover, the markedly reduced number of alarm-triggering low sensor
glucose levels in the unmasked phase suggests that awareness of low glucose was likely to
be the major contributor to change in glycaemia, rather than the alarms themselves.

Interestingly, participants reported greater impairment of awareness after the unmasked
phase (Figure S5A-D). This could reflect participants’ new realization—based on CGM
data—that hypoglycaemia does not always present with symptoms, leading them to report
greater unawareness of hypoglycaemia. This also underscores that short-term reduction in
hypoglycaemia does not always restore awareness, as demonstrated in individuals with
diabetes.>152 Whether prolonged CGM use could improve awareness in PBH will be an
important question to address in future studies. Until then, these results demonstrate that
continued use of CGM to improve safety in those with chronic hypoglycaemia unawareness
is clinically impactful and appropriate.

Participants also reported increased fear of hypoglycaemia with unmasked CGM (Figure
S5F). Thus, although unmasked CGM may mitigate the risks associated with hypoglycaemia
unawareness, our study highlights the potential psychosocial impacts of CGM wear. Fear

of hypoglycaemia could be related to alarms or just newly appreciated awareness of sensor
glucose data, specifically that glucose levels were lower than previously recognized. As
noted above, there were few alarms provided in the unmasked phase. This information,
together with the finding that the reduction in glycaemic variability was greater for daytime
hours, suggests to us that awareness of sensor glucose values was probably a greater factor
than alarm number in both the benefits of CGM as well as a potential contributor to fear.

One study comparing CGM wear to self-monitoring of blood glucose in individuals with
T1D (assessed at baseline and 6 months), similarly found that CGM wear does not decrease
worry related to hypoglycaemia; however, there are significant improvements in measures
of hypoglycaemia confidence, specifically in staying safe while sleeping and when driving,
as well as improvements in disease-related and interpersonal distress.>3 In this same study,
satisfaction with CGM use correlated with disease-specific quality of life. Given that longer-
term studies show improvements in many psychosocial variables in those with diabetes,54:55
longer-duration studies will be required to determine whether similar beneficial impact of
CGM wear—beyond glycaemic variables—can also be observed in patients with PBH.
Studies of longer-term wear would also allow more individualized implementation of

CGM technology, including adjustment of alarm thresholds, with the goal of balancing
improvements in safety versus the potential burden of constant glucose information and/or
alarms.
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The strengths of our study include the paired design for individual participants, allowing
assessment of the impact of awareness of CGM sensor glucose data. We acknowledge
several limitations of our study. CGM technology detects interstitial glucose, and is less
accurate in hypoglycaemic ranges,>6:57 as recently demonstrated for patients with congenital
hyperinsulinism.>® CGM has been shown to be less sensitive and specific than meal
provocation testing for detection of chemical hypoglycaemia.16:44 CGM readings can be
affected by non-glycaemic factors, such as changes in blood flow and compression at sensor
sites,> and interfering medications such as acetaminophen (for the Dexcom G4 device).%0
We did not require verification of sensor glucose values via capillary glucose monitoring,
so it is possible that some sensor glucose values did not reflect true reductions in plasma
glucose levels. While each participant used a single CGM system for the duration of the
study, allowing paired comparison, the required change in sensor system from G4 to G6
during the course of the study may have introduced additional variables (although we

found no significant difference in glycaemic patterns between the two systems’ data). Our
study duration was relatively short, preventing us from assessing potentially progressive
longer-term therapeutic impact of CGM-derived glucose awareness. With longer-term wear,
as would be expected in the clinical setting, CGM data review would likely lead to further
individualization of recommendations for meal plan and medication use. While the R
package iglu and rGV were used to analyse the CGM data, other analysis tools such as
easyGV®! are available. A majority of our participants (12 of 22) were taking medication(s)
for PBH, which may have reduced the sensitivity to detect the impact of CGM on overall
glycaemic patterns as compared with untreated individuals due to relatively low rates of low
sensor glucose at baseline. Acarbose or cornstarch therapies were adjusted (either increased
or decreased) by the participant (n = 4) or their clinician (n = 1) during the study in five
individuals. Moreover, despite our instructions to continue current meal plans, participation
in the study may have modified behaviour during the course of the study due to interactions
with study personnel, increased focus on self-care, and provision of capillary blood glucose
monitors and supplies, independent of CGM device wear, as would be expected in the
“real-world” clinical environment. Likewise, increased self-awareness about food choices
could have contributed to observed differences—an indirect effect of CGM data awareness.
Unfortunately, food and activity logs provided to participants were incomplete for many,
preventing us from using them to compare dietary behaviour with glycaemic outcomes. The
surveys used to evaluate hypoglycaemia awareness and fear were designed for those with
diabetes-related hypoglycaemia and have not been validated for patients with PBH.

Our study provides evidence for CGM as a therapeutic tool for PBH to reduce
hypoglycaemia and potentially improve safety. Future studies could investigate if early
and more prolonged use of personal CGM devices, implemented at time of diagnosis,
decreases the frequency and severity of hypoglycaemia, and reduces the development of
hypoglycaemia unawareness.2 Also, it would be important to investigate the possible
synergy between dietary and lifestyle modifications and CGM use in decreasing the risk
of hypoglycaemia. Future studies may consider including individuals with a history of
hypoglycaemia due to other upper gastrointestinal surgeries, who could also potentially
benefit from CGM use, as recently shown in infants with a history of fundoplication.53
Further studies of the impact of CGM on quality of life, mood, psychosocial functioning,
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and safety in PBH will be important, particularly in individuals who may be intolerant of
medications used to treat PBH.

In summary, we report the efficacy of CGM device wear to address hypoglycaemia

and glycaemic variability in patients with PBH in a real-world setting. These findings
provide evidence supporting the implementation of CGM use in clinical care for patients
with PBH, especially those with hypoglycaemia unawareness who are at greatest risk for
hypoglycaemia-related injury.
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FIGURE 1.

Effect of unmasking on continuous glucose monitoring-derived sensor glucose patterns and
time spent in low glucose ranges. (A) Paired comparison for the entire cohort in masked

(red) versus unmasked (green) phase, according to time of day (mean,

95% confidence

intervals). (B) Ambulatory glucose profile, comparing median percent distributions between
phases over 24 hours. (C) The median percent distributions + median absolute deviations
(MAD) in each phase for the 24-hour data. (D) Line segments representing each
participant’s time spent below 3.9 mM/L when masked (M) and unmasked (U) (n = 22).

*P<0.05
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Effect of unmasking on normalized hypoglycaemic events. Normalized hypoglycaemic
events over (A) 24 hours, (B) daytime hours, and (C) nighttime hours. Hypoglycaemic
events are defined as having glucose lower than or equal to the threshold for at least 15
minutes, ending when glucose levels exceeded the threshold. Hypoglycaemic event values

were normalized by dividing the number of events by the number of days of data
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Effect of unmasking on percent distribution for daytime and nighttime data. The median
percent distributions + median absolute deviations in each phase for the (A) daytime and (B)
nighttime data (n = 22). *£< 0.05. M, masked; U, unmasked
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Participant characteristics

Characteristic

Age, mean * SD years

Sex: female/male

Race (White/black/not reported), n/n/n

Ethnicity (Hispanic or Latino/Not Hispanic or Latino), n/n
HbA1lc mean + SD, %

Preoperative BMI, mean + SD kg/m?

Current BMI, mean + SD kg/m?

Years postoperatively, mean + SD

Years between surgery and hypoglycaemia onset, mean + SD
Level 3 hypoglycaemia, %

Neuroglycopenia, %

Visit 1 EHSS score

Visit 1 DSRS score

Phar macotherapy for PBH during participation, n (%)

Acarbose?
Diazoxide?

Octreotide?

TABLE 1

51.1+13.0
20/2
19/1/2
4/18
54+04
476+6.8
30.6 6.2
9.6+8.0
47%57
82

100
51.3+20.4
243+6.6

10 (45)
1(5)

1(5)

Note: Data obtained from the 22 participants with analysable CGM data.
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Abbreviations: BMI, body mass index; DSRS, Dumping Symptom Rating Scale; EHSS, Edinburgh Hypoglycaemia Symptom Scale; HbAlc,

glycated haemoglobin; PBH, post-bariatric hypoglycaemia.

aAcarbose (25 mg pre-meals) was prescribed clinically for one participant 4 days after the start of the unmasked phase, due to concerns for safety.

Two participants self-adjusted doses of acarbose (one decreased the dose, one stopped it) during the unmasked phase of the study.

For the participants on diazoxide and octreotide at study onset (n = 2), doses were not adjusted during participation.
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