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Abstract
Aims: Continuous glucose monitors (CGMs) have expanded their scope beyond 
indicated uses for diabetes management and are gaining traction among people 
not living with diabetes (PNLD). CGMs track in time glucose levels and are pro-
posed as tools for the early detection of abnormal glucose and a potential solution 
for its normalisation through behavioural change, particularly, diet personalisa-
tion and motivation of physical activity. This becomes relevance given the grow-
ing incidence of metabolic conditions, such as type 2 diabetes mellitus (T2DM). 
Clinical guidelines, however, do not recommend CGMs in contexts outside type 1 
diabetes (T1DM) or insulin-treated T2DM. Therefore, there is a visible disconnect 
between the indicated and real-world usage of these medical devices. While the 
commercial market for CGMs in PNLD is expanding rapidly, a comprehensive 
and evidence-based evaluation of the devices' utility in this population has not 
been done. Therefore, this review aims to formulate a working model for CGM 
utility in PNLD as proposed by the ‘health and wellness’ market that advertises 
and distributes it to these individuals.
Methods: We aim to critically analyse the available research addressing compo-
nents of the working model, that is (1) detection of abnormal glucose; (2) behav-
ioural change, and (3) metabolic health improvement.
Results: We find a lack of consistent and high-quality evidence to support the 
utility of CGMs for these purposes. We identify significantly under-reserved 
areas including clinical benchmarks and scoring procedures for CGM meas-
ures, device acceptability, and potential adverse effects of CGMs on eating hab-
its in PNLD. We also raise concerns about the robustness of available CGM 
research.
Conclusion: In the face of these research gaps, we urge for the commercial 
claims suggesting the utility of the device in PNLD to be labelled as misleading. 
We argue that there is a regulatory inadequacy that fuels ‘off-label’ CGM distri-
bution and calls for the strengthening of post-market clinical follow-up oversight 
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1   |   INTRODUCTION

Diabetes mellitus (DM) remains a predominant meta-
bolic condition, with figures indicating over 415 million 
individuals worldwide living with it. Type 2 diabetes 
mellitus (T2DM) accounts for over 90% of all cases.1 
The condition is characterised by persistent hypergly-
caemia combined with elevated glucose fluctuations.1 
The imperative of timely detection of these glucose 
fluctuations is underscored by its capacity to preserve 
pancreatic beta-cell (β-cell) function thus potentially 
preventing or delaying T2DM onset.1 The importance 
of disease prevention is being increasingly recognised 
by the general population. In this way, the ‘health and 
wellness’ market has expanded with products for health 
monitoring and lifestyle optimisation being of particu-
lar interest to the consumer as ways to reduce their 
risk.2 Continuous glucose monitors (CGMs) specifi-
cally have evolved beyond the certified indications for 
diabetes management and are now being increasingly 
adopted by people not living with diabetes (PNLD).3 
Minimally invasive, CGMs track glucose levels in the 
interstitial fluid (ISF) via a subdermal sensor electrode 
allowing a comprehensive insight into glucose dynam-
ics.4 Present CGM models enable measurement for up 
to 14 days, documenting durations and frequencies of 
both hypo- (low blood glucose < 3.9 mmol/L) and hy-
perglycaemic (high blood glucose > 10.0 mmol/L) epi-
sodes, in addition to postprandial (after meal) glucose 
spikes.4,5 Therefore, in PNLD, CGMs are gaining trac-
tion as potential tools for detection of abnormal glucose 
spikes and a solution for glucose normalisation.3 This 
becomes of relevance given the rapidly increasing inci-
dence of T2DM and other non-communicable diseases 
linked to diet.

Glycated haemoglobin (HbA1c) and fasting plasma 
glucose (FPG) are the key glucose metrics used in T2DM 
screening and risk prediction.5,6 Yet, their ability to spot 
those at risk has been questioned.6 In turn, CGMs may 
allow for a more refined risk categorisation through gly-
caemic variability (GV).7,8 GV represents the measurement 
of glucose oscillations over a period of time (within a day, 
between days or long-term)7 and is the focal point used 

by commercial companies distributing CGMs.9 The metric 
is suggested to anticipate both micro- and macrovascular 
complications, aligning with elevated HbA1c, FPG, post-
prandial glycaemia, and insulin resistance.9,10 From this, 
the key objective communicated to PNLD is minimising 
GV to prevent these potential negative impacts on meta-
bolic health outcomes.3,9

By continuously measuring and visualising daily GV, 
CGMs could detect the early onset of glucose dysregula-
tion8 and promote improvement by allowing the user to 
associate these fluctuations with their diet and lifestyle 
habits.11 With the inter-individual differences in glucose 
responses to the same foods,12,13 CGMs may provide ef-
fective personalised nutritional advice by addressing these 
variations. For instance, foods resulting in lower postpran-
dial glucose responses (PPGRs) could be prioritised, and 
those causing higher PPGRs excluded or minimised.3 Easy 
access and continuity of immediate feedback of glucose 

for CGMs. We hope this will help to avert the continued misinformation risk to 
PNLD and ‘off-label’ exacerbation of health disparities.

K E Y W O R D S

CGM regulations, continuous glucose monitor, medical devices, people not living with 
diabetes, wearable technology

What's new

•	 With the growing interest in wearable health 
technologies, continuous glucose monitoring 
systems (CGMs) have expanded their scope, 
transitioning from exclusive use in diabetes 
management to lifestyle enhancement for peo-
ple not living with diabetes.

•	 This narrative review summarises current 
knowledge on the utility of CGMs for people 
not living with diabetes, as presented in the 
‘health and wellness’ sector, and critically as-
sessed its components, namely, detection of 
glucose abnormalities, behavioural change and 
metabolic health improvement.

•	 We identify significant gaps between the in-
dicated, marketed, and real-world use of 
CGMs showing there is a lack of compelling 
evidence for the utility of CGM in this group. 
Furthermore, we emphasise the importance of 
refining CGM regulation in the UK, particu-
larly when considering its ‘off-label’ use.
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data suggest further functionality of CGMs to potentially 
motivating and fine-tuning physical activity for optimised 
metabolic health.14 Leveraging these potential functions 
of the device, the ‘health and wellness’ market proposes 
CGM as a tool and an innovative solution for optimis-
ing metabolic health.3 Commercial companies freely ad-
vertise and distribute the device throughout the EU and 
the UK, particularly to the health-conscious consumer 
and importantly, those that can afford them.3 However, 
whether the CGM can actually produce the anticipated 
health improvements in PNLD remains uncertain. In 
fact, current clinical guidelines do not recommend CGMs 
outside of people living with type 1 diabetes (T1DM) or 
insulin-treated T2DM.15 This disconnect between the in-
dicated and real-world applications of CGMs, recognised 
by the Medicines and Healthcare products Regulatory 

Agency (MHRA) as a medical device,16 is concerning and 
requires addressing.

Given the expanding market and evolving relevance 
of CGMs in PNLD, this narrative review aims to syn-
thesise and critically analyse recent research on CGM 
application within this population. We anticipate the 
widespread adoption of this device by PNLD to be justi-
fied by a sufficient body of high-quality evidence, other-
wise, concerns may arise regarding the efficacy and most 
importantly safety of CGM use in PNLD. We formulate 
a potential working model for CGM utility as a device 
for metabolic health improvement and T2DM preven-
tion, and critically address its integral components: de-
tection of abnormal glucose, behavioural change, and 
improvement of metabolic health (Figure 1). In untan-
gling speculation from reality, we hope to bring clarity 

F I G U R E  1   A visual representation of the mechanistic pathways as proposed in ‘health and wellness’ for improvement of metabolic 
health and T2DM prevention using a CGM: (1) Detection of abnormal blood glucose is enabled by CGM making subtle metabolic changes 
visible; (2) Lifestyle habits such as diet and physical activity can be associated with CGM data to induce behavioural change. Diet may be 
personalised based on CGM data with foods resulting in high PPGR avoided. Immediate glucose data feedback of the beneficial effects of 
physical activity on glucose regulation may motivate greater engagement and accountability; (3) Behavioural change results in reduced GV, 
inflammation, and insulin resistance improving metabolic health and potentially preventing T2DM. GV, glycaemic variability; PA, physical 
activity; PPGR, postprandial glucose responses; T2DM, type 2 diabetes.
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to PNLD wishing to use CGMs, as well as to the regula-
tory bodies overseeing the distribution of these devices 
in the UK.

2   |   METHODS

Electronic searches of the online databases PubMed 
(MEDLINE), EMBASE and Cochrane Library between 
January 1980 to May 2024 were conducted for studies 
examining aspects of CGM utility and performance in 
PNLD. Search terms used included ‘Continuous glucose 
monitoring’ AND ‘healthy’ OR ‘without diabetes’, (see 
Supplementary material for full terms). The references 
of the included articles were also screened manually to 
access relevant articles that were not identified during 
the database search. The PICO framework17 was used to 
determine the selection criteria. Therefore, studies were 
included if they were studies of PNLD using CGMs in 
adults; and assessed either (1) CGM accuracy; or (2) CGM 
measures and clinical benchmarks; or (3) CGM-powered 
behavioural interventions including those in personalised 
nutrition and exercise; and (4) were peer-reviewed and 
available in English. Studies were excluded if they were: 
(1) in paediatric populations; (2) were studies on CGM 
accuracy or clinical benchmarks and were published ear-
lier than 2018, given device accuracy has significantly im-
proved since then. Other studies were not excluded based 
on location or date of publication. Overall, 27 eligible 
studies were identified (Supplementary Tables S1–S4).

2.1  |  CGM for early detection of 
abnormal glucose

The main functionality of CGMs in PNLD is the real-time 
visualisation of glucose fluctuation in glucose response 
to foods and drinks which is reflected in greater glucose 
variability (GV).7 With continuous glucose data easily 
accessible, early identification of short-term GV may be 
more easily detected allowing for a timely lifestyle inter-
vention and potentially reduced risk of disease progres-
sion or development.7,8 For this to be possible, CGMs have 
to provide a clear assessment of glucose metrics (Table S2 
in Supplementary materials), set definitive clinical bench-
marks for PNLD (Table  S3 in Supplementary materi-
als), and maintain a high degree of accuracy (Table S1 in 
Supplementary materials).5 Absence of these features may 
at best compromise the tangible benefits, and worst lead 
to adverse health outcomes. Therefore, the following sec-
tions will evaluate the available evidence for these aspects 
of CGMs to confirm whether it can and should be used for 
early detection of abnormal glucose in PNLD.

2.2  |  Glucose assessment 
metrics and clinical benchmarks for CGM 
data interpretation

In PNLD, assessment of glucose control and subsequent 
lifestyle change can be guided by CGM-derived compos-
ite metrics (CMs).18 These capture multiple glucose vari-
ability (GV) indices, each recording different aspects of 
glucose fluctuations, including amplitude, frequency, du-
ration, or pattern19 (Table 1).20,21 CMs are proposed to be 
indicative of an individual ‘glucotype’, reflecting their state 
of glucose control and metabolic health.18 Computational 
approaches are used to produce CMs18 with the end-result 
being visually accessible data using CGM-compatible 
software22 That way, for PLWD Abbott's Freestyle Libre 
2 and 3 sensors are certified together with a compatible 
Freestyle LibreLink App.23

Studies emphasise the importance of choosing the rel-
evant components for CM calculation according to the 
clinical metrics of interest and the characteristics specific 
to the user.21 For instance, ‘CGMap’ characterised CGM-
derived measures in PNLD and revealed markers for early 
detection of diabetic retinopathy such as fractal dimen-
sion displaying significant associations with eA1C and 
J_index.21 These may present potential digital biomarkers 
for early impaired glucose tolerance (IGT),21 however, the 
limitations of this cross-sectional dataset need to be ap-
preciated including relatively small sample size and self-
reported dietary intake.

When comparing time in range (TIR), GV and av-
erage glucose levels in people at-risk for T2DM, predi-
abetes, and T2DM11 (Table  2), higher GV was identified 
during the day compared with night time for all groups.8 
Similar results were observed in PNLD in a study by 
Sofizadeh et al. (2020), with the differences attributed to 
glucose fluctuations linked to meals during the day, for 
this group, TIR (3.9–10.0 mmol/L) stood at 97.0%, with 
an SD of 1.0 mmol/L and a CoV of 20.0%.24 In another 
study, prediabetes group had a significantly higher TIR 
(7.8–10.0 mmol/L) compared with those at risk of T2DM 
(5.4% [2.0; 9.7] and 1.1% [0.4; 3.7] respectively, p < 0.01), 
though overnight TIR (7.8–10.0 mmol/L) did not differ 
significantly between these groups.8 In T2DM, however, 
TIR (7.8–10.0 mmol/L) was higher both overnight (15.2% 
[6.8, 35.6] vs. 0.4% [0, 1.5] for the prediabetes and 0% [0, 
0.7] for the at-risk for T2DM group, p < 0.0001) and during 
the day.8 These differences in night time TIR may provide 
a measure indicative of the early onset of impaired fast-
ing glucose and potentially capture the progression from 
PNLD to prediabetes.8 On the other hand, in another 
study, TIR showed weak correlations to clinical parame-
ters in PNLD compared with other common metrics such 
as MODD and MAGE.21
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Despite there being statistically significant differences 
in GV values between PNLD, those at high risk, prediabe-
tes and T2DM8 (Table 2) all groups fell below the recom-
mended threshold for T1 and T2DM of 36% (Cov).5 This 
possibly indicates that on average, all have relatively stable 
glucose levels, at least as far as GV is concerned. However, 
whether this threshold is appropriate to be considered in 
PNLD is worth exploring in adequately powered longitu-
dinal research. While GV is indeed higher in people with 
IGT compared with without, this is unsurprising given it 
is driven by PPGRs that are higher in the former group.25 
However, this does not suggest GV be a driver of disease 
progression, whereby its minimisation would be protective. 

GV does not appear to have clear associations with im-
portant diabetes related metrics such as insulin sensitivity, 
blood liver profile, or oxidative stress.25 Its effects on micro- 
and macrovascular complications are also uncertain, with 
current evidence suggesting the strongest correlation with 
cardiovascular events only in people with coronary artery 
disease.25 Notably, the magnitude as well as the direction-
ality of these associations is unclear given the limitations 
of cross-sectional design in CGM studies. Further, the ac-
curacy of CGM measurements and thus their associations 
with clinical outcomes may depend on the type of device 
used,26 user body composition particularly fat mass,27,28 
or be affected by interferences from certain medications 

Metric Description

MAGE Measure of magnitude of glycaemic excursions that exceed 1 SD 
from the mean

SD Measure of variation of all glucose measurements

CoV Magnitude of variability relative to mean blood glucose

CoV = (SD)/(mean glucose) × 100

TIR, TBR, TAR Proportion of time spent within, below or above blood glucose levels 
within the target range

CONGA Combined measurement of timing and magnitude of blood glucose 
level fluctuations at specific time periods

GMI Estimate of HbA1c, based on average glucose

eA1C A linear transformation a of the mean glucose value, 
meant to estimate the HbA1c blood test. Calculated: 
(46.7 + mean(Glucose))/28.7

J_index Index designed to stress the importance of the mean 
level and the variability of glycaemia. Calculated: 0.001 × 
[mean(Glucose) + SD(Glucose)]2

Abbreviations: CONGA, continuous overall net glycemic action; CoV, coefficient of variation for glucose; 
eA1C, estimated A1c glycated haemoglobin; GMI, glucose management indicator; HbA1c, glycated 
haemoglobin; J_index, Youden's index; MAGE, mean amplitude of glycemic excursions; SD, Standard 
deviation of blood glucose levels; TAR, time above range; TBR, time below range; TIR, time in range.

T A B L E  1   Continuous glucose 
monitoring metrics.

T A B L E  2   CGM measures for people not living with diabetes (PNLD), at risk for type II diabetes, with prediabetes and with type II 
diabetes.

CGM measure

User cohort ATTD target 
values 
T1/2DM (%)PNLD At risk for T2DM Prediabetes T2DM

TIR (3.9–10.0 mmol/L) 97.3 [95.4, 98.7] 98.0** [95.6, 99.4] 97.8** [95.8, 98.7] 85.6** [67.7, 91.6] >70

TBR (<3.9 mmol/L) 1.6 [0.6, 3.2] 2.0* [0.3, 4.4] 1.6* [0.5, 4.0] 0.2* [0, 1.1] <4

TAR (>10.0 mmol/L) 0.25 [0, 1.29] 0** [0, 0] 0.2** [0, 0.6] 11.4** [4.6, 28.6] <25

GV (%CoV) 20 16.0** [13.1, 18.4] 17.7** [15.6, 20.3] 23.2** [20.2, 27.9] ≤36

Note: Data are % medians [IQR]. Prediabetes defined by FPG (5.6–6.9 mmol/L) and/or HbA1c (5.7%–6.4% (39–46 mmol/mol)). At risk for T2DM is self-reported 
as at risk for developing T2D using the American Diabetes Association diabetes risk assessment tool. p values represent comparisons across prediabetes, T2DM 
and at-risk groups (Barua et al.8) using a Kruskal–Wallis test. CGM values for PNLD are findings of a comparable study by Sofizadeh et al.24

Abbreviations: ATTD, Advanced Technologies and Treatments for Diabetes; CGM, continuous glucose monitoring; FPG, fasting plasma glucose; GV, 
glycaemic variability; HbA1c, glycated haemoglobin; PNLD, people not living with diabetes; T2DM, type 2 diabetes mellitus; TAR, time above range; TBR, time 
below range; TIR, time in range.
**p < 0.001; *p < 0.05.
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including lisinopril and albuterol29 (see Section  2.3). 
Therefore, current research is too limited to confirm the 
relationship between CGM-derived measures for appropri-
ate scoring of CMs. Whether GV brings additional benefit 
in terms of diagnostic ability beyond current glucose mea-
sures in clinical practice remains equally uncertain. In this 
context, interpreting glucose data becomes challenging as 
it is both unclear what constitutes CGM-defined abnormal 
values and what is their clinical meaning in PNLD.

Current cut-offs for defining pathologic glucose levels 
in PNLD may not provide a valid evaluation if considered 
against CGM data. Notably, clinical values for IGT (75-g 
OGTT, 7.8–11.0 mmol/L) are established using large data-
sets of oral glucose tolerance tests (OGTTs) usually con-
ducted after 10–16 h fast.30 CGM-derived 2-h post-meal 
PPGRs will significantly differ from values seen follow-
ing standardised OGTT as these can be affected by fac-
tors such as lack of sleep or previous meals prior to the 
OGTT.30 Hence, judgement of CGM-captured PPGR using 
non-CGM specified benchmarking would be considered 
inappropriate and therefore cannot be used definitively 
for the assessment of metabolic health in PNLD. Long-
term prospective studies are required to develop bench-
marks constituting healthy GV that are relevant to clinical 
outcomes in PNLD. Therefore, commercial companies 
that advocate for GV minimisation to improve metabolic 
health and prevent disease progression appear to be doing 
so based on speculations only, as current data are overly 
fragmented to suggest the predictive power of GV in terms 
of heightened T2DM risks and reduction in disease devel-
opment in PNLD.25

2.3  |  CGM accuracy

The accuracy of CGMs has significantly progressed over 
recent years, with the mean absolute relative difference 
(MARD) reducing from 25% to a respectable  10%, espe-
cially in the context of T1DM.4 Accuracy metrics for CGMs 
encompass point, trend, and threshold alarm accuracies31 
with MARD values reported to depend on glucose ranges 
(in people with vs without diabetes),32,33 as well as on the 
model type of the CGM sensor.4 For PNLD, given the rela-
tively benign glucose fluctuations compared with T1DM 
and T2DM, point accuracy becomes the main criterion.31 
This metric reflects the alignment between an isolated glu-
cose reading and an established reference benchmark.31 
However, relying on comprehensive metrics like MARD 
may be overshadowed by inaccuracies, specifically with 
hypoglycaemic episodes, potentially inducing unreason-
able anxiety in PNLD.34 where no concern is warranted.

Furthermore, metrics without agreement values for 
PNLD could distort the proportion of clinically relevant 

readings, thus potentially endorsing CGMs with respect-
able averages yet erratic excursions.35 Currently, the 
standards ratified by the United States Food and Drug 
Administration (FDA) for CGMs are the only published 
regulatory benchmarks that set out minimal accuracy re-
quirements, using specified target ranges associated with 
agreement values.36 Within these benchmarks, the point 
accuracy criteria explain the least proportion of read-
ings required to align with the Advanced Technologies & 
Treatments for Diabetes (ATTD) consensus guidelines.36 
Presently, compliant devices include the Freestyle Libre 2, 
Freestyle Libre 3, Freestyle Libre 2 Plus, Free Style Libre 
3 Plus Dexcom ONE, Dexcom G6, and Dexcom G7.16 
However, for PNLD, the precise values for gaining CGM 
benefits might deviate from these stringent CGM criteria. 
Thus, the lack of data makes diabetic target benchmarks 
potentially unsuitable for PNLD.

The available studies on CGM accuracy in PNLD ex-
hibit overarching limitations, including small and un-
representative sample sizes,27–29,32,33,37 use of outdated 
device models29,38 and low generalisability. Analysis is 
rarely supported with confidence intervals, thereby effect 
size, precision, and reliability of the findings are uncer-
tain.27–29,32,33,37 Furthermore, highly variable accuracy 
measured with MARD across contexts highlights the need 
for a nuanced understanding of device performance in the 
target population (Table S1 in Supplementary materials), 
which for PNLD is not available.

CGM precision can also vary depending on user 
characteristics, predominantly body composition.27,28 
Anthropometrics like overall body fat, body fat percent-
age, and body mass index (BMI) are inversely associated 
with CGM precision.27,28 Factors stemming from shifts in 
subcutaneous fat and capillary networks, characteristic of 
obesity, potentially affect the diffusion impediment and 
subsequently CGM precision across different BMI cate-
gories.27,28 Thus, considering body composition when in-
terpreting CGM data, particularly for people living with 
obesity, is crucial. Given obesity is one of the leading driv-
ers of T2DM,1 people living with obesity may present the 
key subgroup that would be willing to uptake CGMs for 
metabolic health improvement and prevention of T2DM. 
The outlined accuracy limitations in this population re-
quire device optimisation for safe use by people living 
with obesity. Currently, the relationship between body 
composition and CGM accuracy should be considered 
when interpreting the results.

Another salient factor is the discrepancy between glu-
cose concentrations in the ISF and blood glucose.39 This 
is particularly problematic with rapid glucose fluctuations 
such as during high-intensity exercise or following the 
consumption of highly glycaemic foods such as refined 
carbohydrate.32,37 Data shows that CGM overestimation 
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of ISF glucose after glucose loading has been previously 
highlighted.32 During activity, studies in both PLWD 
and PNLD show higher CGM bias, with apparent blind 
spots in the early detection of hypoglycaemic episode.37 
Therefore, device reliability may be restricted to sedentary 
periods.37 Mechanisms for this reduced accuracy may also 
include microcirculation perturbations caused by local-
ised movement, increased body temperature, and rapid 
glucose shifts, termed ‘sensor drift’.37 Thus, PNLD partak-
ing in physical activity may receive skewed data, poten-
tially resulting in undue concerns or misinformed lifestyle 
adjustments based on glucose levels. In fact, Wong and 
colleagues (2020) report the overall lower accuracy of 
the Freestyle Libre sensor in PNLD comparing with pre-
vious studies in people with T1DM or T2DM.33 This may 
be because people living with diabetes have compromised 
tissue glucose uptake, which is associated with higher 
ISF, making it more sensitive to changes in blood glucose 
levels.33 Therefore, the difference between ISF and blood 
glucose might be smaller in PNLD, both in fasting and 
postprandial states. This speculation, however, is yet to be 
tested in human trials.33

To address these issues, several CGMs utilise algo-
rithms to adjust for these physiological variances between 
the two compartments, aiming to approximate glucose 
levels. Such computational models insinuate that dis-
played readings might not genuinely correspond to either 
ISF or capillary glucose values.39 CGM measurements also 
suffer from lower inter-day reproducibility in PNLD, es-
pecially among younger individuals as established using 
functional data analysis.38 This emphasises the need for 
rigorous calibration processes and precise reference stan-
dards to compile best practice guidelines ensuring the re-
liability of CGM outputs. For PNLD, this aspect is visibly 
missing.

Furthermore, certain concurrent medications can ad-
versely influence CGM precision. Notably, devices like 
Medtronic Guardian Sensors and Dexcom G4 Platinum 
have recorded accuracy reductions due to electrochemi-
cal interferences from specific agents like lisinopril and 
albuterol.29,34 It is possible for these interferences to have 
a bigger role in accounting for the implausible CGM data 
than users and even clinicians assume.34 Despite this, there 
is scarcity of publications addressing this limitation, with 
the majority testing outdated CGM systems.34 While reg-
ulatory requirements mandate manufacturers to conduct 
interference studies for each new CGM model and genera-
tion, a considerable proportion of the data generated from 
these studies remains unpublished making it difficult to 
understand the true impact on CGM precision.34

Finally, ensuring accuracy limitations are effectively 
communicated to the end-user remains the responsi-
bility of the manufacturer40 and not those commercial 

companies utilising their products. CGM user manuals 
align with the intended purpose of the device and thus 
are generally diabetes-focused. PLWD can also seek 
professional advice from their clinician for any device-
related concerns, this however, is not the case for PNLD. 
Therefore, if CGMs are to be used by PNLD, research ad-
dressing device accuracy in this context is required. Studies 
should focus on confirming the clinical significance of 
potential inaccuracies attributed to drug interferences, 
physical activity, or body composition of the user to de-
velop guidelines and support systems tailored to PNLD. At 
present, the judgement of nocturnal hypoglycaemia and 
postprandial hyperglycaemia, as determined by CGM, in 
PNLD is inappropriate. Use of more reliable devices such 
as self-monitoring of blood glucose and subsequent CGM 
calibration is recommended.32

2.4  |  Practical applications of CGMs for 
behavioural change aimed at metabolic 
health improvement

Effective blood glucose control is linked to lifestyle hab-
its.1 CGMs could reveal these interactions by graphically 
associating and visualising lifestyle factors with corre-
sponding high or low glucose results, thus potentially fos-
tering healthier lifestyle practices, as observed in people 
living with prediabetes, T1DM, and T2DM.41 Similarly, 
CGMs may foster beneficial behavioural changes in PNLD 
by increasing accountability thereby improving glucose 
control and reducing T2DM risk. Particularly, increasing 
levels of physical activity and maintaining a healthy diet 
are fundamental in preventing T2DM.42 Therefore, this 
section evaluates the utility of CGMs in supporting these 
behavioural changes in PNLD and assesses the resulting 
metabolic health outcomes (Table  S4 in supplementary 
materials).

In PNLD, greater postprandial glycaemia (PPGR) is 
associated with reduced insulin sensitivity and impaired 
β-cell function.43 Importantly, visible inter-individual dif-
ferences in PPGRs to the same foods have been observed, 
which are not explicitly considered by traditional carbo-
hydrate or calorie-centric dietetic care approaches.12,13 
Instead, CGMs offer PNLD a chance to visualise and as-
sociate their PPGRs with the foods they consume, exclud-
ing items resulting in high PPGR.12 Such personalisation 
is proposed to allow for improved insulin sensitivity and 
β-cell protection and reducing of disease development.12,13

Personalised nutrition (PN) is a dietary protocol tai-
lored to an individual's genetic, microbiotic, metabolic, 
alimentary, and other key factors.44 Scant research, to our 
knowledge, has delved into the clinical benefits of using 
CGMs for PN within the PNLD (Table S4 in Supplementary 
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materials). From the available published data, only six 
studies were found.11–13,45–47

Zeevi et  al. (2015) assessed individual PPGRs, char-
acterised the individual variabilities, and identified as-
sociated factors.12 For uniform food items such as bread, 
significant inter-personal PPGR variations were noted as 
serving basis for the development of a predictive machine 
learning (ML) model.12 Incorporating data gathered from 
participants' blood tests, microbiome evaluations, dietary 
diaries, and anthropometrics, the ML model's ability to 
predict individual PPGR was comparable to dietary guid-
ance based on expert analysis of CGM data only.12 Results 
were echoed in a subsequent study45 to suggest potential 
application of the algorithm in PNLD. The authors re-
ported a continuous relationship between PPGRs and risk 
factors for T2DM, such as BMI, HbA1c, and wakeup (fast-
ing) glucose, and proposed its potential clinical utility.12 
However, without reported confidence intervals, the pre-
cision and reliability of these short-term associations are 
difficult to ascertain raising concerns about the external 
validity and generalisability of the findings. The predic-
tions made require validation in appropriately powered 
longitudinal studies. Further, the use of self-report tools 
for gathering diet, sleep, and activity data can be prone to 
reporter bias or underreporting, and thus attenuating the 
potential diet–disease relationships identified in PN stud-
ies using CGMs.48 Ultimately, a large proportion of the 
predictive features in these studies are related to the faecal 
microbiome with the underlying mechanisms currently 
being elusive.12 Further research is essential to decipher 
the connections between the gut microbiome and glycae-
mic outcomes, guiding the formulation of appropriate and 
evidence-based PN interventions.

High inter-personal variability in PPGRs has also 
been supported by the findings from The Personalised 
Responses to Dietary Composition Trial-1 (PREDICT-1) 
trial, with further validation from an independent US co-
hort of PNLD.13 This study identified higher variability in 
postprandial triglyceride and glucose rather than fasting 
values, suggesting the post-prandial response to be a bet-
ter indicator of metabolic health.13 However, PPGRs were 
less informative than FPG as a biomarker predicting IGT 
and atherosclerotic cardiovascular disease (ASCVD) 10-
year risk score.13 Therefore, the clinical decisions based 
solely on fasting glucose may already capture a reason-
able proportion of the relevant information as indicated 
by only a minor improvement in ASCVD risk prediction 
being reported when PPGR was added (ROC AUC = 0.69 
vs. 0.72, respectively).13 The study emphasised the larger 
role of individual glucose over the macronutrient compo-
sition of meals in impacting the incremental area under 
the curve (iAUC) (18.74% vs. 16.73%).13 Yet, contrastingly 
to its name, PREDICT 1 study did not establish long-term 

predictive values of these differences and currently does 
not show its relevance in better discrimination of meta-
bolic tolerance. PREDICT 2 and 3 are set out to reaffirm 
the findings of PREDICT 1 in more expansive cohorts.49 
Unless PPGR predictions are translated into clinical out-
comes, it is unclear as to how these studies will signifi-
cantly update the working model meaningfully enough to 
increase the confidence in the value of PN using CGMs in 
PNLD.

More recently, a PN trial aimed at assessing the ef-
ficacy of short-term personalised dietary advice, using 
a personal dietary programme, compared with generic 
US dietary advice50 on cardiometabolic health.46 Here it 
was shown, in a relatively healthy US population living 
with obesity, that a PN intervention resulted in greater 
reductions in triglycerides, weight, waist circumference, 
HbA1c, but not low-density lipoprotein cholesterol.46 In 
addition, there were improvements in diet quality and mi-
crobiome composition.46 Despite these differences being 
statistically significant, it could be questioned whether 
they represent clinically relevant improvementsS1,S2 
and how beneficial they were at risk reduction. Though 
it should be appreciated that the study population was 
healthy, and as such greater health improvements might 
be seen in those who are metabolically unhealthy or at 
greater risk of T2DM. Finally, the direct role and mag-
nitude of the effect of using a CGM within the PN in-
tervention were difficult to ascertain due to the complex 
nature of the study PN algorithm,46 and so whether this 
is evidence for the beneficial use of CGMs in PNLD re-
mains unclear.

The key assumption of PN studies is that an individu-
al's unique response to the same meal is reproducible12,13 
has also been challenged.S3 With recent data showing poor 
reliability of PPGR to multiple duplicate meals, with intra-
individual GV similar to that seen across different meals.S3 
Even under controlled experimental conditions, obtaining 
two measurements was insufficient to accurately estimate 
PPGR; however, determining the number of CGM read-
ings needed for accurate estimates remains ambiguous.S3 
Furthermore, the efficacy of CGM-driven meal assess-
ments within PN may be dependent on the CGM device 
used, given observed variances in inter-personal PPGR 
with different devices,26 prompting reflections on genuine 
personalisation and use in T2DM prevention and disease 
prevention. The discrepancy could, however, have arisen 
due to potential methodological challenges. Ad  libitum 
feeding could have compromised sensor accuracy, espe-
cially during glycaemic extremes, with ambiguously com-
posed meals distorting meal classification.S4 Supportively, 
reduced variability indices were documented for 
carbohydrate-rich meals (>25 g),S4 though results were 
not replicated in an independent data set.
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Given these inconsistent findings, the transition of 
CGMs from a medical device measuring glucose dynamics 
in diabetes management to a comprehensive tool for PN 
possibly seems premature. Merely demonstrating inter-
individual variations in PPGRs12,49 appears insufficient 
to demonstrate using CGMs to optimise metabolic health 
in PNLD. Interestingly, research contrasting PN interven-
tions with generic dietary advice revealed little effect on 
key indices such as HbA1c or GV in prediabetes.S5,S6,S8,S9 
Therefore, questioning whether the real-world metabolic 
improvements using CGM-informed nutritional interven-
tions are truly ‘personalised’ remains questionable.

The ‘Sugar Challenge’ study assessed glucose pat-
terns in 665 participants.11 Using CGMs alongside a 
smartphone application, participants' glucose dynamics 
were measured relative to factors like dietary compo-
sition and physical activity.11 Among PNLD with poor 
baseline TIR (time spent in range 3.3–7.8 mmol/L less 
than 83%), 91.7% displayed TIR improvement by an 
average 23.2%.11 The authors suggested this effect was 
primarily attributed to avoidance of foods with high 
glycaemic index.11 While the ATTD consensus for TIR 
is 3.9–10 mmol/L for T1DM,5 the study defined TIR for 
PNLD as glucose levels 3.0–7.8 mmol/L, as PNLD can 
have non-pathologic Level 1 (below 3.8 mmol/L) hypo-
glycaemia.11 S10 Given discrepancies in TIR definitions, 
the addition of percentages of TIR including normogly-
caemia, hypoglycaemia and hyperglycaemia together 
with GV metrics would have been beneficial for greater 
clarity on clinical benefit.

Food consumption is complex and multifaceted, 
moulded by a combination of physiological, social and 
psychological facets.47 For instance, emotional eating can 
predispose individuals to weight gain and T2DM.47 One 
investigation on ‘hunger training’ assessed the alignment 
between perceived hunger and glucose data. Two groups 
used CGMs and SMBG to measure pre-meal glucose. Both 
saw noteworthy weight loss, regardless of the glucose as-
sessment technique used,47 though no significant differ-
ences in acceptability, adherence or behaviour change 
were noted between the two methods. Qualitative data, 
however, suggested at a more positive experience and 
a greater inclination to explore a variety of foods in the 
CGM group.S7 Conversely, the discomfort inherent in fin-
ger pricking may have motivated greater mindfulness of 
eating behaviours.S7

Physical activity, paramount for controlling post-meal 
glucose fluctuations and T2DM risk, may be enhanced by 
CGMs.S8 Witnessing the immediate glycaemic benefits of 
exercise may help to stimulate activity adherence.S8,S9 An 
8-week investigation contrasting traditional exercise with 
a CGM-enhanced routine revealed superior fitness out-
comes and attendance in the CGM group.S13 Paired with 

fitness trackers, CGMs prompt improved motivation for 
weight loss in people living with overweight.S8 Though 
the sustainability of these behavioural improvements are 
currently uncertain given the short-term nature of the 
studies available.S8,S9 Further randomised controlled tri-
als exploring the prolonged effect of physical activity on 
CGM-based measures are warranted.S9

While CGMs' benefits seem evident in PLWD, their 
adoption by PNLD demands further scrutiny.14 One study 
indicated that 90% of users found the CGM easy to use and 
enlightening, but only 40% foresaw its health utility.14 This 
diminished adoption could stem from gaps in people un-
derstanding the meaning of the CGM data thus deterring 
full engagement. Crucially, this research did not probe the 
CGM's potential behavioural influence or conduct quali-
tative assessments to enhance comprehension in PNLD.14 
Future behavioural studies using CGMs in PNLD should 
consider provision of concise information sessions on 
how dietary choices and physical activity impact glycae-
mia and how it reflects in CGM data, appreciating inter-
individual variability. This could help motivate users by 
bridging gaps in understanding and fostering greater 
engagement. Ultimately, practical relevance of CGM-
enhanced interventions will depend on the specific needs 
of the target user. It is therefore crucial to carry out quali-
tative assessments of PNLD experiences of using CGM to 
better understand the unique demands and objectives of 
this user group.

3   |   DISCUSSION

This current review underscores a lack of compelling 
evidence for the utility of CGM in PNLD. Despite their 
popularity CGMs currently appear not to be suitable for 
repurposing from a device for diabetes management to 
a comprehensive tool for metabolic health improvement 
and disease prevention at present.

The most substantial potential barrier to CGMs util-
ity in PNLD is the visible lack of prospective longitudinal 
research to allow consensus on the thresholds for CGM 
measures.S10 Current absence of accepted standards for 
CGM glucose assessment metrics specific to PNLD com-
plicates both research, clinical implementations, and their 
commercial viability.S11 Until these data become available, 
CGMs should not be used as tools for screening and T2DM 
risk stratification in PNLD. Similarly, very little data exist 
on how to select the optimal CGM components for CMs, 
as well as how to best score and correlate them with clini-
cal outcomes.S11 Given the outlined gaps, it is unclear as to 
what guides the development of commercial procedures 
for CM scoring used by PNLD for metabolic health assess-
ment. Highly variable and minimally transparent, these 
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approaches require robust scrutiny in terms of reliability 
and clinical efficacy before wider scale use.

At the same time, studies advocating for the beneficial 
effects of CGMs in behavioural change lack real-world va-
lidity and fail to prove clinical significance and long-term 
effects of CGM-powered interventions. The magnitude, as 
well as directionality, of the associations found in these 
studies are unclear and arguably inadequate to support vi-
ability of using CGMs for population-wide interventions 
which are currently being advocated. As it stands, notions 
suggesting minimising GV can be protective of T2DM 
or other non-communicable diseases feed off anecdotal 
evidence. This way, PN approaches proposed to PNLD 
targeting GV may potentially overlook the actual under-
lying pathophysiology of T2DM and contrastingly, result 
in poorer health outcomes.3 For instance, GV-focused 
PN could potentially lead PNLD to replace carbohydrates 
with foods higher in animal proteins or fat.3 This may not 
only, not reduce T2DM risks but potentially have adverse 
impact on β-cell function and insulin resistance and in-
crease cardiovascular risk.3

Notably, a proportion of studies reporting positive re-
sults of these interventions compared with classical dietary 
advice, are sponsored or directly affiliated with companies 
functioning in the PN space.13,46 S4 In fact, more than 50% 
of total research on blood glucose measurement is industry 
sponsored.S12 Such prevalence underscores the pervasive 
influence of corporate interests in shaping research out-
put in the field. This highlights the need for independent 
studies to establish a more comprehensive understanding 
of CGM's role in health improvement and disease preven-
tion for PNLD. Addressing the robustness of CGM studies 
becomes imperative given how quickly the commercial 
market is expanding. In 2023, the global CGM market was 
valued at $9277.16 million, and is forecasted to grow at a 
compound annual growth rate (CAGR) of 21.8% between 
2024 to 2032.S13 Given CGMs have witnessed extensive 
application in the broader commercial setting, despite the 
absence of according guidelines, concerns arise regarding 
the regulatory strictures overseeing their usage in PNLD.

As medical devices, CGMs gain market entry in Europe 
post-acquisition of the Conformité Européenne (CE) 
marking, among other global validations.16 However, 
questions surround the robustness of CGM precision eval-
uations via the CE marking, with criticisms highlighting 
an absence of unified study methodologies and established 
performance criteria.16 For instance, variances have been 
detected in the MARD values of a CGM between company-
sponsored studies and independent research.S8,S9

Post the EU Medical Devices Regulation (MDR) 
2017/745, CGMs must now have a CE marking for UK 
marketability.40 Yet, post-Brexit regulations indicate that 
CE-labelled medical tools will only have access to the UK 

market until 31 December 2024.16 Subsequent to this, 
compliance with the UK Medical Devices Regulation 
2002 (UK MDR 2002) and the acquisition of the UK 
Conformity Assessed (UKCA) marking becomes impera-
tive.16 Therefore, manufacturers are responsible for pre-
senting and substantiating clinical evidence in line with 
overarching safety and efficacy parameters.40 These direc-
tives are primarily diabetes-centric, often sidelining con-
siderations for PNLD.

Exceptions do exist, such as the Abbott Libre Sense 
Glucose Sport Biosensor (Supersapiens) which obtained a 
CE marking solely for athletic applications.S14 The manu-
facturer outlines that this device is not made for diagnosis, 
treatment, or any medical purpose.S14 The designated util-
ity and categorisation determine the evidence threshold 
for CE marking attainment.40 Nonetheless, CGMs, orig-
inally designated for PLWD, are gaining traction among 
PNLD, surpassing their CE certificatory bounds. A case in 
point is the Freestyle Libre 2 Flash which is CE-certified 
for ISF glucose measurement in PLWD, yet being sold by 
med-tech companies for providing dietary guidance in 
PNLD.9,49 S15

This presents a regulatory puzzle, amplifying con-
cerns over CGM distribution controls and the latent risks 
for PNLD utilising devices outside of intended purposes. 
While the EU MDR 2017/745 outlines the regulations 
for distributors and post-market observation, it remains 
silent on the consequences of unsanctioned medical de-
vice distribution.40 This creates uncertainty over matters 
of accountability, liability, and patient safety. Importantly, 
the term ‘off-label use’ remains vague within EU MDR 
2017/745, given its limited emphasis on manufacturers 
identifying, but not clearly defining such use.S16 In fact, the 
ramifications of this regulatory insufficiency have already 
adversely impacted the diabetes care market. Following a 
surge in off-label prescribing of glucagon-like peptide-1 
receptor agonists (GLP-1RAs), a National Patient Safety 
Alert has been declared by the Department of Health and 
Social Care (DHSC) and the NHS.S17 The current severe 
shortages of GLP-1RAs are illustrative of the inherent 
flaws in the regulation, underscoring the pressing need for 
forward-thinking measures to prevent such crises. Given 
CGMs are certified for T1DM and insulin-dependent 
T2DM contexts only, while med-tech companies have re-
tailed CGMs for ‘off-label use’ since 2017, reveals a clear 
regulatory oversight and is a cause for concern.

The Medicines and Healthcare products Regulatory 
Agency (MHRA) undertook a public consultation in 2022 
to rearticulate the ‘intended purpose’ for medical devices, 
CGMs included.S18 Considering the escalating adoption of 
CGMs outside their prescribed use, an urgent requirement 
has arisen to unambiguously term ‘off-label’ and provide 
exhaustive guidelines on its implications. Such mandates 
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should help encapsulate precision benchmarks, manu-
facturer duties vis-à-vis device constraints, and responsi-
bility for untoward events stemming from ‘off-label use’. 
Echoing this sentiment, the International Federation of 
Clinical Chemistry and Laboratory Medicine has advo-
cated for stringent study protocols and performance crite-
ria, as evidenced in a detailed scoping review.S18

Despite CGMs not being officially endorsed for abnor-
mal glucose detection or shaping behavioural changes 
in PNLD, marketing narratives suggesting the opposite 
abound increasing off-label demand for these devices.9 
S15 Such claims risk being labelled ‘misleading’ in the 
face of significant evidential gaps as outlined in this re-
view. Addressing regulatory and research gaps remains 
imperative to prevent the continued misinformation risk 
to PNLD.

Particularly concerning is the lack of studies inquiring 
into the unanticipated psychological impact of commer-
cial CGM use.3 Excessive glucose monitoring has the risk 
of unintentionally creating maladaptive dietary changes 
in PNLD (e.g., exclusion of health food to avoid glucose 
excursion; whole grain bread), especially if inexperienced 
users struggle to understand what the glucose excursions 
actually mean. Similarly, calorie and fitness monitoring 
has been linked to the development of anxiety, compulsive 
behaviours, or disordered eating patterns,S19 though the 
consequences of CGM data on exacerbating these issues 
has not been extensively explored. Studies measuring the 
effect of CGMs on the quality of life, disordered eating and 
other potential non-clinical factors such as would help to 
provide guidance for PNLD should they want to use these 
devices.

4   |   CONCLUSION

CGMs, in their present form, appear not appropriate to 
optimise metabolic health or prevent metabolic condi-
tions in PNLD. The available studies lack comprehensive 
assessments of long-term benefits and fail to prove the 
clinical significance of the interventions on health out-
comes at present. Aspects including device accuracy, data 
analysis metrics, user acceptability, and potential adverse 
effects of CGMs in PNLD, remain under-researched. This 
review is one of the first to highlight the evidential gaps 
in CGM in PNLD for what appears to be a rapidly expand-
ing off-label use of a medical device and is the first to our 
knowledge to suggest that the current regulatory frame-
works are inadequate to protect wellbeing and safety of 
PNLD. There exists an urgent need for regulatory bod-
ies to strengthen post-market clinical follow-up oversight 
for medical devices, including CGMs, to prevent off-label 
use further widening health inequalities. The ongoing 

evolution of UK regulatory frameworks presents a timely 
opportunity to address these gaps, and further investi-
gation into CGMs' role in PNLD in the format of more 
robust approaches including meta-analyses is highly 
advised.
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