
1 of 14Journal of Inherited Metabolic Disease, 2025; 48:e70040
https://doi.org/10.1002/jimd.70040

Journal of Inherited Metabolic Disease

ORIGINAL ARTICLE OPEN ACCESS

State of the Art and Consensus Statements by Healthcare 
Providers, Patients, and Caregivers on Continuous Glucose 
Monitoring in Liver Glycogen Storage Diseases
Terry G. J. Derks1,2   |  Ruben J. Overduin1,2   |  Sarah C. Grünert3   |  Alessandro Rossi1,2,4   |  
CGM GSD Collaborators Group

1Department of Metabolic Diseases, Beatrix Children's Hospital, University Medical Center Groningen, University of Groningen, Groningen, the 
Netherlands  |  2UMCG Center of Expertise for Carbohydrate, Fatty Acid Oxidation and Ketone Bodies Disorders, University Medical Center Groningen, 
Groningen, the Netherlands  |  3Department of General Pediatrics, Adolescent Medicine and Neonatology, Faculty of Medicine, Medical Center-University of 
Freiburg, Freiburg, Germany  |  4Department of Translational Medicine, Section of Pediatrics, University of Naples “Federico II”, Naples, Italy

Correspondence: Terry G. J. Derks (t.g.j.derks@umcg.nl)

Received: 4 February 2025  |  Revised: 23 April 2025  |  Accepted: 28 April 2025

Communicating Editor: David Cassiman 

Funding: The authors received no specific funding for this work.

Keywords: glycemic control | management | rare disease | survey

ABSTRACT
Continuous glucose monitoring (CGM) is increasingly used although not officially registered for the management of people liv-
ing with liver glycogen storage diseases (GSDs). The aims of this study were twofold: (a) to investigate the current experiences 
of healthcare providers (HCPs), patients, and caregivers using CGM to monitor glucose concentrations in liver GSDs, and (b) 
to formulate consensus statements. Two web-based questionnaires were distributed, one for HCPs and one for patients and/or 
their caregivers. The questionnaires collected data on demographics and epidemiology, current use of CGM, and opinions and 
statements about CGM in GSDs. For the statements, respondents rated their agreement on a 5-point Likert scale, and the consen-
sus level was set at 75%. One Hundred Fourteen HCPs (including 87 physicians and 26 dietitians) from 28 countries responded, 
representing care of approximately 3800 liver GSD patients. Additionally, 148 GSD patients and/or their caregivers from 21 coun-
tries responded, mainly representing GSD Ia (n = 50), GSD Ib (n = 56), GSD III (n = 14), and GSD IX (n = 18). The median age to 
consider starting to use CGM was 6 and 2 months for HCPs and GSD families, respectively. Out of 16 statements common to the 
two questionnaires, HCPs and patients/caregivers reached consensus on 12 statements in both groups. Use of CGM is considered 
standard of care by both HCPs and GSD families, but reimbursement of CGM devices is challenging. Compared to diabetes melli-
tus, CGM should be applied differently in liver GSDs. Consensus guidelines are warranted on the use of CGM in liver GSDs, both 
in routine healthcare and in clinical trials.
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1   |   Introduction

Liver glycogen storage diseases (GSD) are a group of rare, in-
herited disorders of carbohydrate metabolism characterized 
by a defect in the synthesis or breakdown of glycogen in the 
liver [1]. Liver GSDs include GSD subtypes 0a, I, III, IV, VI, 
IX, and XI (also called Fanconi-Bickel syndrome; FBS). Fasting 
hypoglycemia is a common symptom in liver GSDs. Hence, 
monitoring blood glucose concentrations is paramount in the 
management of people with liver GSDs. For decades, self-
monitoring by using blood glucose (SMBG) meters and mea-
suring finger stick capillary blood glucose concentration has 
been the traditional method for assessing glycemic control and 
confirming hypoglycemia at home. These SMBG meters and 
the finger stick techniques were originally developed for and 
adopted from the care of patients with diabetes mellitus (DM).

Continuous glucose monitoring (CGM) systems are medical de-
vices that measure glucose in interstitial tissue fluid and are 
currently officially registered for use in people with DM. Official 
approvals by national authorities and insurance companies vary 
from country to country. For example, the FDA has approved the 
Dexcom G6/G7 for use in people with DM from the age of two and 
the Freestyle Libre 2/3 from the age of four. After the introduction 
of CGM systems, CGM-based glycemic targets (e.g., time in range 
(TIR), time below range (TBR), time above range (TAR), amongst 
others) have been defined to guide clinical decisions in DM, both 
in routine healthcare [2, 3] and clinical trials [4]. In the more recent 
years, the accuracy and precision of CGM devices, particularly 
in the low blood glucose ranges, have been gradually improved 
[5–7]. Consequently, CGM devices have been used for diagnosis 
and follow-up in other disorders of glucose homeostasis that are 
associated with hypoglycemias, including but not limited to post-
bariatric hypoglycemia [8], congenital hyperinsulinism [9], and 
liver GSDs [10–12]. Despite its added value to detect and monitor 
unrecognized changes of glucose concentrations, published data 
on CGM metrics in liver GSDs are scarce due to a vicious cycle of 
the rarity of these disorders, inconsistent use for various reasons, 
reimbursement challenges, and legal issues. Recently, the changes 
from baseline percentages of glucose levels in TBR < 70 mg/dL 
(< 3.9 mmol/L) and in TIR 70–120 mg/dL (3.9–6.7 mmol/L) have 
been included as secondary outcome parameters in GSD Ia gene 
transfer clinical trials (such as NCT05139316) underlining the 
growing importance of CGM in GSDs.

The two aims of this study were (1) to investigate the current 
experiences of GSD healthcare providers (HCPs), patients, and 
caregivers using CGM, and (2) to formulate consensus state-
ments on the use of CGM in liver GSDs. The authors consider 
this study as the first step towards consensus guidelines, both 
for routine healthcare settings of GSD patient management 
and clinical trials.

2   |   Methods

2.1   |   Ethics

For this non-interventional questionnaire study collecting ano-
nymized data, no ethics approval was necessary.

2.2   |   Questionnaires

TGJD, SCG, RO, and AR designed two SurveyMonkey web-
based questionnaires: Questionnaire 1 (Q1) was developed 
for HCPs, and Questionnaire 2 (Q2) was developed for peo-
ple with a liver GSD and/or caregivers. Both questionnaires 
are available as Supporting Information (Files  S1 and S2). 
Briefly, Q1 and Q2 consisted of 49 and 34 questions respec-
tively and had 31 questions in common. Both questionnaires 
collected information in the following three categories: (1) 
demographic and background information (and contact de-
tails as well as details on followed patients for HCPs), (2) 
current use of CGM, and (3) opinions and statements about 
CGM use in GSDs. The invitation to fill out the question-
naires was distributed on February 04, 2024, with a reminder 
sent on March 05, 2024. Data collection closed on March 
18, 2024.

The link to Q1 was distributed via e-mail to HCPs tak-
ing care of people with liver GSDs who: (a) have been cor-
responding authors in previous publications about this 
topic; (b) collaborate within MetabERN (invitations sent 
directly and via the MetabERN coordination office); (c) 
collaborate within GSD Value (i.e., an international col-
laborative project to establish a person-centered standard 
outcome set for liver GSD); (d) have participated in the 
International Priority Setting Partnership for liver GSDs 
[13]; (e) work in centers where clinical trials in liver GSDs 
are conducted (information retrieved via Clini​calTr​ials.​
gov on December 29, 2023); (f) are members of Genetic 
Metabolic Dietitians International (GMDI), and/or (g) are ac-
tive on the Metab-L listserv (https://​www.​daneel.​frank​en.​de/​
metab​-​l/​).

The link to Q2 was distributed via e-mail to the following 
patient organizations: Associação Brasileira de Glicogenose 
(ABGLICO, Brazil), Association Francophone des 
Glycogénoses (AFG), Association for Glycogen Storage Disease 
(AGSD, USA), Association for Glycogen Storage Disease–UK 
(AGSD-UK), Associazione Italiana Glicogenosi (AIGlico), 
Asociacion Española de Enfermos de Glucogenosis (A.E.E.G), 
Belgische Organisatie voor Kinderen en volwassenen met een 
Stofwisselingsziekte vzw (BOKS), Canadian Association for 
Glycogen Storage Disease, Fuglucol Fundacion Glucogenosis 
de Colombia, Selbsthilfegruppe Glykogenose Deutschland e.V. 
(SHG Glykogenose, Germany), Glucolatino (Latin America), 
Scandinavian Association for Glycogen Storage Disease 
(SAGSD) and Volwassen Kinderen en Stofwisselingsziekten 
(VKS, The Netherlands).

The results were discussed in a final workshop during the 
Annual Symposium of the Society for the Study of Inborn Errors 
of Metabolism (SSIEM) in Porto, Portugal on September 02, 
2024. All respondents to Q1 were invited to participate either 
in person or virtually. In preparation for the workshop, the re-
spondents received a preliminary draft of the manuscript (which 
included Table 1) and summaries of the answers to all questions 
of Q1 and Q2. Preliminary data from this project were also pre-
sented as a poster at the SSIEM symposium in Porto, Portugal on 
September 03–06, 2024.
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2.3   |   Definitions and Data Analysis

All data are presented with descriptive statistics. Results are 
expressed as percentages and medians (ranges); results in fig-
ures are expressed as percentages. For the statements in Q1 and 
Q2, respondents rated their agreement on a 5-point Likert scale. 
Consensus on a given statement was considered reached when 
75% or more of the respondents answered “agreed” or “strongly 
agreed.”

3   |   Results

3.1   |   General Characteristics of the Respondents

Q1 was answered by 114 HCPs originating from 28 countries 
(File S3), taking care of approximately 3800 patients with liver 
GSDs. For several questions, there were multiple answer op-
tions, which explain why the presented summed values and 
percentages may exceed the number of respondents or 100%, 

TABLE 1    |    Consensus on statements regarding the use of CGM amongst HCPs (Q1; n = 114) and GSD patients and caregivers (Q2; n = 148).

Question numbers 
in Q1/Q2 Statements HCPs GSD families

29/16 Liver GSD patients should be able to use CGM as a standard of care. 86.8%
(99/114)

89.8%
(132/147)

30/17 Liver GSD patients should be able to use unblinded CGM 
(i.e., families can immediately see the glucose values).

75.4%
(86/114)

84.9%
(124/146)

31/18 Real-time CGM in liver GSD patients has additional value for patients. 90.3%
(102/113)

93.2%
(136/146)

32/19 Real-time CGM in liver GSD patients has 
additional value for their caregivers.

92.9%
(105/113)

95.1%
(136/143)

33/20 Real-time CGM in liver GSD patients has 
additional value for healthcare providers.

88.5%
(100/113)

82.1%
(119/145)

34/21 The advantages of CGM in patients with liver 
GSD outweigh the disadvantages.

88.5%
(100/113)

87.6%
(127/145)

35/22 Ideal CGMvalues should meet the needs of an individual patient. 86.9%
(99/114)

87.5%
(126/144)

36/23 General recommendations (i.e., guidelines) on ideal CGM-
values should be defined for patients with liver GSD.

92.9%
(105/113)

81.4%
(118/145)

37/24 CGM-based glycemic targets depend on the liver GSD subtype. 67.3%
(76/113)

68.8%
(99/144)

38/25 CGM sensor glucose data should also be reported separately for 
nocturnal (00:00–05:59 h) and daytime periods (06:00–23:59 h).

53.6%
(60/112)

59.0%
(85/144)

39/26 Integrating information on physical activity is paramount to 
adequately interpret CGM metrics in patients with liver GSD.

96.5%
(110/114)

79.0%
(113/143)

40/27 Integrating information on the actual diet is paramount to 
adequately interpret CGM metrics in patients with liver GSD.

96.5%
(110/114)

78.3%
(112/143)

41/28 Level 1 hypoglycemia glucose level of 54–69 mg/dL (3.0–
3.9 mmol/L) assessed by CGM, should be considered an 

alert threshold independent of any acute symptoms.

71.1%
(81/114)

76.9%
(110/143)

42/29 Level 2 hypoglycemia glucose level of less than 54 mg/
dL (< 3.0 mmol/L) assessed by CGM, with or without 

symptoms, should be considered clinically significant for a 
liver GSD patient and requires immediate attention.

92.1%
(105/114)

84.0%
(121/144)

43/30 In patients with liver GSD, the first priority is to reduce time-
below-range (TBR) to target levels and then address time 

in range (TIR) or time-above-range (TAR) targets.

82.5%
(94/114)

79.3%
(111/140)

46/31 It is important to assess hyperglycemia after meals 
or percentage points of time-above-range.

86.8%
(99/114)

70.8%
(102/144)

Note: The column entitled “questions” contains the numbers of the questions in Q1 and Q2, for the HCPs and GSD families respectively. Statements with consensus 
within the group of HCPs or GSD families are in green; no consensus is depicted in red.
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respectively. Most HCPs were physicians (n = 87), followed 
by dietitians (n = 26) and researchers (n = 17). Among these 
HCPs, four were also individuals with a liver GSD, and three 
were caregivers of a person with liver GSD. Most of the HCPs 
took care of both children and adults (75/114; 66%), whilst 42% 
(48/114) were experienced in using CGM in patients with DM. 
Of the total of 114 HCPs, the following number (in brackets) 
indicated that patients with the following diagnoses were cared 
for in person or at the respective facility: GSD 0 (n = 53), GSD 
Ia (n = 105), GSD Ib (n = 96), GSD III (n = 99), GSD IV (n = 38), 
GSD VI (n = 60), GSD IX (n = 97), and FBS (n = 38). Figure  1 
presents the percentages of HCPs who indicated that they man-
age patients with these specific GSD subtypes in their hospitals. 
This figure also shows the percentages of GSD subtypes among 
all Q2 respondents. Q2 was answered by 148 liver GSD patients 
and/or their caregivers, originating from 21 countries (File S3). 
The Q2 respondents mainly represented GSD Ia (n = 50), GSD 
Ib (n = 56), GSD III (n = 14), and GSD IX (n = 18). Most of these 
respondents were caregivers (n = 97), followed by individuals 
with GSD (n = 51), and some belonging to the group of GSD 
families were also HCPs (n = 3).

3.2   |   Utilization of CGM in Liver GSD by 
Healthcare Providers, Patients, and Caregivers

The reported mode of reimbursement for CGM was remarkably 
diverse, as presented by Figure 2. However, 39% (44/112) of the 
HCPs and more than half of the GSD patients/caregivers (59%; 
86/147) answered that reimbursement was provided by health 
insurances.

HCPs and GSD families used at least nine different CGM devices 
(Figure  3). In most cases, CGM was either used continuously 
(96/146; 66%) or intermittently (30/146; 21%). In their hospitals, 

HCPs considered using CGM in patients with liver GSD from 
the median (range) age of 6 (0–60) months, whereas for families, 
the median (range) age to consider using CGM was already 2 
(0–100) months. Most HCPs (91/114; 80%) recommended using 
the alarm function of the device.

Figure 4 demonstrates CGM use by HCPs and GSD patients/care-
givers in different clinical scenarios. Most families use CGM for 
real-life daily glucose monitoring and for safety reasons, whereas 
more than half of the HCPs use it in nine specific clinical settings.

Figure  5 presents the (combination of) information used by 
HCPs and GSD patients and caregivers for the assessment of 
CGM results. Most HCPs made use of the timing (i.e., the hour 
of the day in which a low glucose event occurs) and number 
of low glucose events (84% and 82%, respectively), and an ad-
ditional seven parameters. In contrast, only TBR < 70 mg/dL 
(< 3.9 mmol/L) was assessed by most of the patients/caregivers.

Table 2 (summary) and File S4 present the categorized advan-
tages and disadvantages of CGM use as reported by HCPs and 
GSD patients/caregivers.

3.3   |   Consensus Statements Made by 
Healthcare Providers, Patients and Caregivers on 
the Utility of CGM in Liver GSD

Based on the respondents' input to Q1 and Q2, we subsequently 
analyzed the data to assess consensus within and between 
both groups of respondents (i.e., HCPs, and GSD patients and 
caregivers, respectively) on statements about the use of CGM 
in GSD (Table 1). Out of 16 statements used in both question-
naires, HCPs and patient/caregivers reached consensus on 12 
statements in both groups. For instance, there was consensus 

FIGURE 1    |    Liver GSD subtypes managed by HCPs within their hospitals (Q1, question 11, open columns) and type of liver GSD in participating 
patients and caregivers (Q2, question 4; grey columns). The X-axis displays the different liver GSD subtypes. The Y-axis displays either the percent-
ages of HCPs managing patients with the respective GSD subtype (in white bars), or the percentage distribution of GSD subtypes among all GSD 
patients and caregivers who responded to Q2 (grey bars).
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within and between both groups regarding the use of an un-
blinded CGM where patients/caregivers can immediately see 
the glucose concentration and share this information with their 
HCPs. Additionally, CGM was clearly considered standard of 
care by most HCPs, GSD patients and caregivers. However, in 
contrast with GSD patients and caregivers, there was no con-
sensus amongst the HCPs regarding the statement “Level 1 hy-
poglycemia (glucose level of 54–69 mg/dL [3.0–3.9 mmol/L]) 
assessed by CGM, should be considered an alert threshold inde-
pendent of any acute symptoms.” GSD patients and their care-
givers disagreed with the statement “It is important to assess 
hyperglycemia after meals or percentage of time-above-range.” 

Interestingly, neither group reached a consensus on the state-
ment “CGM sensor glucose data should also be reported sep-
arately for nocturnal (00:00–05:59 h) and daytime periods 
(06:00–23:59 h).”

3.4   |   Workshop

During the workshop, 30 HCPs participated, 22 of whom had 
previously answered Q1. The workshop focused on the prelim-
inary results and on the discussion of the three statements for 
which there was no consensus among HCPs (Table 1; statements 

FIGURE 2    |    The different ways in which reimbursement of CGM for GSD patients is organized, as reported by HCPs (Q1, question 19) and GSD 
patients and caregivers (Q2, question 8). The X-axis displays the different ways reimbursement is organized. The Y-axis displays either the percent-
ages as reported by HCPs (in white bars), or the percentages reported by GSD patients and caregivers (grey bars).

FIGURE 3    |    CGM devices used by HCPs (Q1; question 20) and GSD patients and caregivers (Q2; question 9). The X-axis displays different CGM 
devices. The Y-axis displays either the percentages as reported by HCPs (in white bars), or the percentages reported by GSD patients and caregivers 
(grey bars).
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6 of 14 Journal of Inherited Metabolic Disease, 2025

FIGURE 4    |    Conditions in which CGM is used as reported by HCPs (Q1; question 21) and GSD patients and caregivers (Q2; question 10). The left 
panel lists the different situations. The right panel lists the percentages as reported by HCPs (in white bars), or the percentages reported by GSD pa-
tients and caregivers (grey bars).

FIGURE 5    |    Information used for the assessment of CGM results as reported by HCPs (Q1; question 22) and GSD patients and caregivers (Q2; 
question 11). The left panel lists the information, including CGM-metrics. The right panel lists the percentages as reported by HCPs (in white bars), 
or the percentages reported by GSD patients and caregivers (grey bars).
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with no consensus are in red). It was recognized that the face-
to-face discussions among experts were valuable to better in-
terpreting these statements. During the workshop it became 
apparent that it had been unclear for a subset of the participants, 
whether “alert threshold” also necessitated an intervention. It 
was discussed that this may have influenced the voting behav-
ior of HCPs in the following statement: “level 1 hypoglycemia 
(glucose level of 54–69 mg/dL [3.0–3.9 mmol/L]) assessed by 
CGM, should be considered an alert threshold independent of 
any acute symptoms.” Additionally, regarding the statement 
“CGM sensor glucose data should also be reported separately for 
nocturnal (00:00–05:59 h) and daytime periods (06:00–23:59 h),” 
several HCPs who did not agree with the statement argued that 
in reality, the nocturnal timeframe is individualized dependent 
on age, sleeping behavior and dietary regimen, amongst others. 
Finally, it was recognized by workshop participants that CGM 
use may differ depending on GSD subtype and age.

4   |   Discussion

Here, we report the current state-of-the-art use of CGM for the 
management and monitoring of people with liver GSDs, a group 
of rare inherited disorders of carbohydrate metabolism. This 
study among HCPs, GSD patients, and caregivers documents 
the real-world experience on CGM use in these rare disorders. 
The consensus statements are important for stakeholders in-
volved in both routine healthcare (such as physicians, dieticians, 
nurses, hospital managers, and health insurance companies) 
and clinical research (such as sponsors of future clinical tri-
als, the European Medicines Agency, the U.S. Food and Drug 
Administration, and other regulators).

This study indicates that guidelines have been overtaken by 
daily practice, as CGM systems have seen growing adoption by 
HCPs and GSD families. After the first FDA-approval of CGM 
for DM management in 1999, CGM systems are now routinely 
used by patients with insulin dependent DM, with recommen-
dations for their use included in major guidelines and consen-
sus statements [14–17]. In contrast to DM, the application of 
CGM for patients with rare diseases associated with hypogly-
cemia (such as liver GSDs) has faced several challenges, which 
are inherent to the rarity of the conditions. In addition, it has 
been demonstrated that accuracy and precision of CGM in 
the hypoglycemia range are generally poorer [5], and devices 
have gradually improved in that regard [6, 7]. The European 
guidelines for GSD type Ia [18] and Ib [19] were published in 
2002 but did not mention CGM devices. In the more recent 
GSD I guidelines by the American College of Medical Genetics 
and Genomics (ACMG; 2014), the application of CGM is only 
briefly described [20], including the abovementioned concerns 
regarding lack of accuracy. The ACMG guidelines for GSD III 
[21], and GSD VI and IX [22] were published in 2010 and 2019, 
respectively, and do not mention the use of CGM. The recent 
guidelines for GSD IV recognized that CGM systems are use-
ful in the management of metabolic control in patients with a 
history of hypoglycemia and/or hyperglycemia [23]. Looking 
at other rare hypoglycemic conditions, the international 
guidelines for the diagnosis and management of congenital 
hyperinsulinism state that “there is not enough current evi-
dence to make a suggestion regarding the use of CGM by sub-
cutaneous sensors” [24].

The present study demonstrates that both HCPs and GSD 
families report that liver GSD patients benefit from the use 
of CGM devices and that they should be able to use CGM as a 
standard of care. Drawbacks of using CGM devices are recog-
nized, including accuracy and reliability issues. Also, in some 
situations there is a need for additional monitoring, such as 
ketone measurements. However, both HCPs and GSD fami-
lies agree that the advantages of CGM in patients with liver 
GSD outweigh the disadvantages (Table 2 and File S4). In line 
with previous reports [10, 25], several advantages were ex-
plicitly stated. The use of CGM systems in the home environ-
ment under real-life circumstances was mentioned to provide 
more realistic data and show trends more clearly than SMBG 
measurements and observations made in the hospital setting. 
Moreover, the ability to detect asymptomatic hypoglycemia 
and guidance during diet optimization were indicated as im-
portant advantages.

TABLE 2    |    Summary of advantages and disadvantages of using 
CGM in liver GSD according to HCPs (Q1, question 29; n = 114) and GSD 
patients and caregivers (Q2, question 15; n = 148).

Advantages Disadvantages

HCPs –	 Monitoring during 
daily life

–	 Facilitating 
independence

–	 Fewer finger stick 
measurements

–	 Increased 
understanding 
of blood glucose 
homeostasis, 
including 
responses to meals 
and (dietary) 
therapy

–	 Prevention of 
overtreatment

–	 Accuracy and 
reliability issues

–	 Need for ancillary 
data (e.g., diary, 
ketone/lactate 
measurements)

–	 False sense of security
–	 Allergic reactions/

skin reactions
–	 Technical Issues
–	 Anxiety
–	 Costs

GSD 
families

–	 Improved 
understanding of 
disease

–	 Improved 
awareness of 
hypoglycemia and 
hyperglycemia

–	 Continuous aspect 
of monitoring

–	 Safety (e.g., 
during illness, 
sporting activities, 
overnight feeds)

–	 Ability to have 
external followers 
(e.g., caregivers)

–	 Increases 
independence

–	 Less invasive

–	 Accuracy and 
reliability issues

–	 Maintained need for 
regular monitoring

–	 False sense of security
–	 Placement discomfort 

including skin 
irritation/allergic 
reactions

–	 Developed for 
diabetes

–	 Lag time of CGM 
readings

–	 Anxiety/stress (e.g., 
due to frequent 
alarms)

–	 Not developed for 
children < 2 years old

–	 Technical issues
–	 Costs
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This study reports that CGM in liver GSD serves a different need 
and purpose than that it was approved for in DM. This is im-
portant since CGM allows the detection of asymptomatic hypo-
glycemia in patients with liver GSDs. Furthermore, HCPs and 
affected families use CGM at younger ages than recommended. 
Of note, CGM has been marketed for the management of peo-
ple with DM from the age of 2 years or 4 years. This difference 
can be explained by the younger ages at which patients with 
GSD present and are typically diagnosed. Because of their high 
glucose requirements and their inability to communicate their 
symptoms [26], infants and younger children with liver GSDs 
are at greater risk of acute hypoglycemias. These arguments 
may explain why CGM in liver GSD is well accepted even at 
younger ages.

The appreciation of CGM for monitoring liver GSDs is reflected 
in the high degree of consensus reached among HCPs, patients, 
and families for most statements (Table 1). Glycemic and meta-
bolic control in GSDs rely heavily on patient self-management 
and the use of home medical devices. Therefore, and similar to 
DM [27], liver GSDs may be ideal rare diseases for developing 
value-based telehealth programs [28]. Machine learning, artifi-
cial intelligence, and other computer-generated algorithms have 
important potential for improving CGM application in hypogly-
cemic conditions by predicting hypoglycemia to prevent neuro-
glycopenia and, as a consequence, brain dysfunction [9].

There was no consensus among HCPs on three statements 
namely, “CGM-based glycemic targets depend on the liver GSD 
subtype,” “CGM sensor glucose data should also be reported 
separately for nocturnal (00:00–05:59 h) and daytime periods 
(06:00–23:59 h),” and “Level 1 hypoglycemia glucose level of 
54–69 mg/dL (3.0–3.9 mmol/L) assessed by CGM, should be con-
sidered an alert threshold independent of any acute symptoms.”

There was agreement among HCPs but not among GSD families 
(87.0% versus 70.8%, respectively) regarding the statement “It 
is important to assess hyperglycemia after meals or percentage 
points of time-above-range.” It can be hypothesized, that this 
discrepancy indicates an unmet need for caregiver education 
regarding the adverse long-term effects of elevated blood glu-
cose concentrations due to liver GSD-typical pathophysiologic 
mechanisms and overtreatment. Hyperglycemia may worsen 
glycemic control, aggravate hepatic glycogen and lipid storage, 
and increase the risk of long-term complications. CGM can be 
an important tool both for detection and prevention of overtreat-
ment in liver GSDs due to inappropriate amounts of uncooked 
cornstarch or dietary carbohydrates. This should reduce the risk 
of developing acute and chronic complications, such as obesity. 
Future studies are needed to analyze these associations.

There are several reasons why the use of CGM differs between 
GSDs and DM, although acute hypoglycemia is an important 
symptom in patients with both conditions. Firstly, DM type 1 and 
type 2 are common disorders, but each liver GSD subtype meets 
the definition of a rare disease. Secondly, liver GSDs are man-
aged through (very) detailed medically prescribed diets; there 
are no registered drugs available for GSD treatment. Thirdly, it is 
important to acknowledge that the pathophysiology and the hor-
monal and metabolic counter-regulatory response during acute 
hypoglycemia is very different from DM and specific to the GSD 

subtype. For example, in GSD Ia and GSD Ib, hypoglycemia is 
associated with hyperlactatemia without elevated ketone body 
concentrations. In contrast, in the remaining liver GSDs, fasting 
is typically associated with hyperketosis. Fourthly, carbohydrate 
requirements in GSD patients change throughout life. For exam-
ple, decreased cornstarch requirements have been recognized in 
aging adult GSD I patients [29]. Lastly, hyperglycemia in adults 
with GSD III [30] or FBS [31] may indicate the development of 
DM, one of the known long-term chronic complications in these 
conditions. Therefore, in our opinion, age, GSD subtype and 
genotype, diet, physical activity, complications (such as cardio-
myopathy and inflammatory bowel disease, in addition to DM 
that may be present), special circumstances such as pregnancy, 
social and cultural factors, and cognitive factors (understanding 
of the patients and caregivers) need to be considered when pre-
scribing the diet and recommending CGM. For GSD manage-
ment, CGM alarm values, target values and values that require 
acute action cannot be automatically adopted from existing DM 
guidelines.

This study has some limitations. Bias may have been intro-
duced due to limited reimbursements and availability of CGM, 
excluding opinions of patients and HCPs without CGM access. 
However, the distribution of Q1 ensured that the opinions of 
important GSD experts could be included. The distribution of 
Q2 via patient organizations, by which GSD Ib was overrepre-
sented, appears to have resulted in a skewed proportion of re-
spondents compared to the epidemiology of the GSD subtypes. 
We cannot exclude that individual preferences and differences 
in device age and usage methods may have influenced current 
results. Additionally, our approach may have led to sampling 
bias weighted towards (1) more proactive patients and families, 
who (2) desire more intervention and closer monitoring, and (3) 
have a positive perception of CGM. Nonetheless, we believe this 
is an important study reporting experiences from a large, inter-
national group of GSD patient representatives and key opinion 
leaders.

To conclude, the off-label use of CGM is now considered standard 
of care to monitor, recognize, treat, and prevent hypoglycemia 
in liver GSD. Like narrow therapeutic range drugs, the medi-
cally prescribed diets in GSDs have a tight therapeutic window 
between hypoglycemia and hyperglycemia that requires careful 
consideration. The use of CGM has allowed patients and provid-
ers an avenue aiming to individualize patient care and to better 
prevent both acute and chronic complications. Country-specific 
measures may be required to improve access to CGM for people 
with liver GSDs. Consensus guidelines are warranted for the use 
of CGM in liver GSDs, both in routine healthcare settings and 
in clinical trials. International prospective multicenter studies 
that correlate CGM metrics with clinically relevant outcomes 
are crucial, although practically very challenging due to limited 
possibilities for data sharing and very complex regulations.
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