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The impact of socioeconomic factors, social 
determinants, and ethnicity on the utilization 
of glucose sensor technology among 
persons with diabetes mellitus: a narrative 
review
Riemer A. Been, Annel Lameijer, Reinold O. B. Gans, André P. van Beek,  
Andrew P. Kingsnorth, Pratik Choudhary and Peter R. van Dijk

Abstract:  Continuous glucose monitoring (CGM) usage has been shown to improve disease 
outcomes in people living with diabetes by facilitating better glycemic management. However, 
previous research has suggested that access to these devices can be influenced by nonmedical 
factors such as socioeconomic status and ethnicity. It is critical that equitable access to CGM 
devices is ensured as people from those groups experience poorer diabetes-related health 
outcomes. In this narrative review, we provide an overview of the various healthcare systems 
worldwide and how socioeconomic status, social context, and ethnicity shape device usage 
and the associated health outcomes. In general, we found that having a lower socioeconomic 
status and belonging to an ethnic minority group negatively impact CGM usage. While financial 
means proved to be an important mediator in this process, it was not the sole driver as 
disparities persisted even after adjustment for factors such as income and insurance status. 
Recommendations to increase CGM usage for people of a lower socioeconomic status and ethnic 
minorities include increasing the availability of financial, administrative, and educational support, 
for both patients and healthcare providers. However, recommendations will vary due to local 
country-specific circumstances, such as reimbursement criteria and healthcare ecosystems.

Plain language summary 

The effects of income, education, social factors and ethnicity on the use of glucose 
sensors by people with diabetes mellitus: a narrative review

Over the recent years, glucose sensors have transformed the monitoring of glucose levels 
in people with diabetes. However, access to these devices has been determined by the 
healthcare systems and the associated rules and regulations, as well as perceptions from 
providers and patients about who would benefit most from these devices. In this narrative 
review, we performed an expansive literature search into what is known about factors 
that negatively impact the access to glucose sensors, and how these factors might be 
addressed. From this, we learn that, depending on the healthcare system, financial means 
form a major driver behind the disparities in glucose sensor use. However, factors such 
as ethnicity and provider and patient perceptions also can negatively affect one’s chances 
to obtain a glucose sensor. Furthermore, we found that a successful program aimed at 
resolving the found disparities in glucose sensor use must be multi-faceted, and must 
include measures aimed at financial support, the use of objective and simple criteria for 
sensor eligibility, as well as educational support for both patients and providers.

Keywords:  CGM, ethnicity, socioeconomic status
Received: 19 June 2023; revised manuscript accepted: 8 February 2024.

Correspondence to:	
Peter R. van Dijk 
University of Groningen, 
University Medical Center 
Groningen, Department of 
Endocrinology, Hanzeplein 
1, Groningen, 9713 GZ, The 
Netherlands 
p.r.van.dijk@umcg.nl

Riemer A. Been
Annel Lameijer
André P. van Beek
University of Groningen, 
University Medical Center 
Groningen, Department of 
Endocrinology, Groningen, 
The Netherlands

Reinold O. B. Gans
University of Groningen, 
University Medical 
Center Groningen, 
Department of Internal 
Medicine, Groningen, The 
Netherlands

Andrew P. Kingsnorth
School of Sport, Exercise 
and Health Sciences, 
Loughborough University, 
Loughborough, UK

Pratik Choudhary
University of Leicester, 
Leicester General 
Hospital, Leicester, 
Leicester Diabetes Centre 
– Bloom, UK

1236289 TAE0010.1177/20420188241236289Therapeutic Advances in Endocrinology and MetabolismRA Been, A Lameijer
review-article20242024

Review

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tae
mailto:p.r.van.dijk@umcg.nl


Therapeutic Advances in 
Endocrinology and Metabolism Volume 15

2	 journals.sagepub.com/home/tae

Introduction
Over the past decades, technological innovations 
have dramatically altered the available treatment 
options for diabetes.1,2 Continuous subcutaneous 
insulin infusion (CSII) has emerged as a viable 
alternative to multiple daily injections (MDI),3 
and the availability of continuous glucose moni-
toring (CGM) devices has done the same for cap-
illary measurements.4 In combination with 
glucose stabilizing algorithms, these technologies 
have led to the development of hybrid closed-
loop systems, which utilize the continuous stream 
of data of the monitoring devices to titrate the 
continuous administration of insulin.5 These 
CGM devices have been proven to be beneficial 
for both people with type 16,7 and type 2 diabe-
tes.8 In addition, it has been found that those with 
higher baseline HbA1c gain greater reductions of 
HbA1c once started on CGM technology.9

However, with the increase in options comes the 
question of who has access to them. It is known 
that access to diabetes care10 and technology in 
general11 is affected by factors such as socioeco-
nomic status (SES) and ethnicity. SES is defined 
as a measure of one’s combined economic and 
social standing,12 and it is part of the social deter-
minants of health (SDOH), which also include 
factors such as social context and physical envi-
ronment.10 There are multiple methods to quan-
tify SES in research,13 which typically include 
measures of income, education, and occupational 
social class. Lower SES has been associated with 
reduced access to healthcare14 and greater mor-
tality in general,15 as well as for lower diabetes 
quality of care specifically.10 The prevalence of 
type 2 diabetes is higher among persons with 
lower SES.10 In addition, these people with dia-
betes and with lower SES suffer from lower 
attainment of treatment goals16–18 and higher 
morbidity19,20 and mortality.21–23

Ethnicity could also be a factor that further influ-
ences access to care as ethnic minorities have 
reported greater barriers to care,24 and experience 
poorer health outcomes compared to the ethnic 
majority.19 However, ethnic minorities can often 
also be of a lower SES, which may play a mediat-
ing role in the effects found.25,26 Disentangling 
the confounding effects of SES on the relation-
ship between SES and healthcare usage and out-
comes can be a difficult process.27 However, even 
if such adjustment takes place, disparities in 
access to diabetes treatment and outcomes 

persist.16 This shows it to be an independent fac-
tor, meriting specific attention.

Given the increasing use of CGM technology and 
the potential benefits for persons with DM,6,8,9,28 
understanding the factors that could hamper its 
widespread use is of importance. Considering 
that the evidence suggests that people with lower 
SES and/or belonging to an ethnic minority are 
disproportionally affected more by diabe-
tes,10,16–22,29 it would be logical to assume that this 
population would have a higher usage of CGM 
technology. Yet, access to CGM technology is 
lower for these groups10,11 and as such, the popu-
lation that stands to gain the most from CGM 
technology uses it the least. The first step to 
approaching this issue is identifying the underly-
ing mechanism(s) and therefore, this review aims 
to provide an overview of the available literature 
and how these device-related inequalities might 
be addressed.

Methods
A literature search of the PubMed and Embase 
databases was performed using the search strat-
egy described in Supplemental Appendix A. The 
resulting studies were then reviewed for eligibility 
based on the following criteria:

- � The study should mainly concern the access 
to, the use of, and/or the efficacy of CGM 
devices as affected by SES and/or ethnicity. 
Consequently, studies that focused mainly on 
the effects of insulin pumps, smart pens, and/
or telehealth were excluded.

- � Studies should be published after 2000, after 
the emergence of CGM technology.

-  Studies should be written in English.

Where applicable, the reference lists of included 
studies were reviewed and included as per the 
above criteria. Furthermore, Google Scholar was 
used to find additional sources using the same 
search terms and restrictions indicated above.

Of the 1750 PubMed and 89 Embase results, 199 
(193 PubMed and 6 Embase) remained after 
removing any duplicates and from the title and 
abstract screening. The remaining 64 results were 
selected for full-text review, and of which, 44 were 
selected for inclusion. A review of references 
revealed an additional eight studies suitable for 
inclusion. Data were extracted from these articles 
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and grouped per domain of SES (financial/occupa-
tional and education), social factors, and/or ethnic-
ity. For the full results of this data extraction, 
please see Supplemental Appendix B.

Current situation
Currently, the healthcare systems of most Western 
nations have adopted CGMs into their diabetes 
care. However, the regulations and protocols sur-
rounding the prescription of these devices differ 
among them. These differences affect which parts 
of the population gain and maintain access to 
these devices upon introduction of these devices 
to the market, which will be discussed below.

United States of America
The United States of America (USA) utilizes a 
mixed healthcare insurance system, with publicly 
financed insurance in the form of Medicare (gen-
erally targeted at those > 65), Medicaid (targeted 
at those with limited incomes), and private insur-
ance providers, which is often provided through 
employers.30 Medicare reimburses CGM tech-
nology for patients with type 1 or type 2 diabetes 
with a need for frequent measurements of blood 
glucose levels and routine in-clinic visits.31 
Medicaid coverage is state dependent, with some 
offering no reimbursements or restricting them to 
specific patient populations.32 If reimbursements 
are granted by either, deductibles and co-pay do 
still apply, with costs estimated at 50 dollars per 
month.33 Coverage by private insurers varies per 
package but is estimated to cost between 10 and 
75 dollars per month, in addition to normal insur-
ance costs.34 This interplay of requirements and 
costs has shaped the distribution of CGMs to 
patients, with those having lower SES being less 
likely to receive CGM treatment [odds ratio (OR) 
0.48 between low versus high incomes35]. In addi-
tion, minorities, such as non-Hispanic Black and 
Hispanic patients, are less likely to receive CGMs 
(OR 0.40, OR 0.73 versus non-Hispanic White 
patients, respectively).35

Europe
CGM usage statistics have been documented in a 
variety of European countries. For instance, in 
Germany, the DPV registry was used to track 
CGM and insulin pump usage in a nationwide 
cohort.36 Disparities in CGM usage were noted in 
2016 [OR 1.85 (1.63–2.10), Q1 versus Q5 of 

deprivation, according to the German Index of 
Multiple Deprivation 2016]. However, this dispar-
ity gradually decreased over the years and was no 
longer significant in 2019 [OR 0.97 (0.88–1.08)]. 
This was mainly due to a sharper increase in CGM 
usage in the lower SES quintiles than in the higher 
ones, which was attributed to the inclusion of vari-
ous CGM devices in statutory health insurance 
plans. These plans fully reimburse the devices for 
those needing intensive treatment with insulin.37 
The contents of these plans are decided upon by 
the German government and cover 90% of the 
population.38 The remainder are covered via pri-
vate insurance that had reimbursed intermittent 
scanning continuous glucose monitor (is-CGM) 
devices ahead of national reimbursements.39

In England, the National Institute for Health and 
Care Excellence (NICE) evaluates the economics 
of reimbursing healthcare practices.39 These eval-
uations are then formulated into guidelines, which 
are then implemented by the Integrated Care 
Systems.40 Prior to reimbursement of is-CGMs, 
usage thereof was primarily restricted to the afflu-
ent, with 60.2% of users belonging to the least-
deprived quintile, compared to 4.1% of the most 
deprived.41 These disparities have lessened over 
the years but remain present.42,43 Currently, real-
time continuous glucose monitors (rt-CGMs) are 
reimbursed for type 1 patients and those with type 
2 requiring intensive monitoring.44,45

In France, 99% of the population is covered via 
statutory health insurance, with is-CGMs being 
reimbursed as of 2017 for all insulin-dependent 
patients. A study running from 2017 to 2018 
found no association of deprivation with CGM 
utilization, concluded to be due to the pervasive-
ness of the health insurance system.46

Australia
Australia introduced coverage of CGM devices into 
their universal Medicare insurance in 2017. This 
publicly funded governmental insurance scheme 
forms the basis of the healthcare system in Australia, 
which can be further augmented via private insur-
ance.47 A study comparing the situation prior to its 
introduction to 2 years thereafter found that CGM 
uptake had increased from 5% to 79%, which coin-
cided with improved odds of attaining optimal gly-
cemic regulation (HbA1c < 7.0%/53.0 mmol/mol, 
OR 2.5, p < 0.001).48 Factors regarding SES and 
ethnicity were not included in the study but assumed 
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to be of no relevance due to the universal nature of 
the reimbursements.

Canada
In Canada, CGM devices can be acquired via 
certain private-payer insurance, but publicly 
funded programs exist for certain patient popula-
tions on a province-by-province basis.49 A study 
from Toronto found that rt-CGM utilization in 
the area differed significantly per deprivation 
quintile.50 Those least deprived used rt-CGM sig-
nificantly more than those most deprived (20.8% 
versus 12.9%). This difference was not found 
among is-CGM users, which was theorized to be 
due to the is-CGM being included in the regional 
public insurance scheme, whereas the rt-CGM 
was not. Rt-CGM had to then be acquired via 
either private insurance or self-funding, allowing 
for disparities in wealth to affect access.

The influences of SES, social context, and 
ethnicity
The effects of SES and ethnicity on healthcare 
access, and access to CGMs in particular, have 
become a topic of global interest. Several studies, 
mostly employing large, registry-based databases, 
clearly show the impact of SES on CGM utiliza-
tion.51,52 A transatlantic comparison study com-
paring the USA and the German registries for 
type 1 diabetes showed a clear gradient of CGM 
utilization across the SES quintiles, with the less 
affluent using fewer devices.53 The gradient was 
more pronounced in the USA (slope 0.460, 
p < 0.001) than in Germany (slope 0.068, 
p < 0.001), most likely due to differences in 
healthcare systems and culture. Of note, the dis-
parities in HbA1c, once corrected for technology 
usage, were less severe. This indicates that diabe-
tes technology, such as CGMs, is a driver behind 
the disparities in treatment outcomes. This has 
been corroborated by other studies.35,54–57 
Another study calculated that 16.4% of the dis-
parities in HbA1c between non-Hispanic Black 
and non-Hispanic White patients were due to dif-
ferences in diabetes technology use (which 
includes CSII in addition to CGM) and 37.6% 
was due to SES factors.18 Similarly, in Canada, it 
was reported that differences in rt-CGM utiliza-
tion between SES quintiles accounted for 12% of 
the differences in HbA1c, after correction for age, 
gender, and disease duration.50 Notably, the effi-
cacy of CGM technology does not seem to be 

affected by SES,43 indicating that low SES is not 
a valid reason to withhold CGM technology.

In the above-mentioned studies, SES is often eval-
uated as a composite structure. This, by nature, 
obfuscates the impact of each subdomain of SES, 
that is, income, occupational, and educational 
domains, as well as the social context. Moreover, 
ethnicity is a factor of considerable importance, 
which is deeply intertwined with SES and 
SDOH.25 As such, it will be discussed separately.

Income and occupation
A relationship between income, which is closely 
related to occupational status, and CGM use has 
often been reported, from the introduction of 
CGM devices,56 to the present day,58 in which 
those in high-income groups (>$100.000 annu-
ally) are twice as likely to use a CGM than those in 
low-income groups (<$25,000 annually). Similar 
patterns have been found across all ages59 and cost 
is the most often cited barrier to the use of CGMs, 
by both patients60 and providers,61 in the USA and 
abroad.62 An important factor regarding cost is the 
insurance status, with private insurance being a sig-
nificant predictor of consistent CGM usage.63 This 
was found to be in part mediated by prescription 
biases, as found by one study in a pediatric provider 
cohort64 and another in both the pediatric and adult 
provider cohorts.65 Both studies employed vignettes 
that differed in either public or private insurance 
status, and both found their cohort to be biased 
against public insurance (84.6% and 61% of the 
cohort, respectively). Both studies also found that 
longer practice duration resulted in a higher likeli-
hood of bias. This was theorized to be due to an 
increasing number of past encounters with the 
cumbersome nature of acquiring coverage for indi-
viduals with public insurance, and as such, the 
practice-shaping effects of such restrictions. In 
Germany, France, and Australia, the inclusion of 
CGMs in universal healthcare plans correlated with 
large increases in usage, predominantly among 
those of lower SES.34,44,46 In California, generous 
is-CGM reimbursement practices for their 
Medicaid recipients impacted disparities to such a 
degree that no significant differences in CGM utili-
zation were found among the various ethnicities.66

Education
Higher levels of educational attainment are posi-
tively correlated with the odds of acquiring CGM 
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technology, independent of income and ethnic-
ity.35,56,67,68 This is attributed to the increased 
awareness of the various options regarding glu-
cose management, heightened knowledge about 
their disease, and their knowledge of how to suc-
cessfully navigate the bureaucratic landscape of 
insurance requirements. As part of elucidating 
the effects of educational attainment on CGM 
use, a focus group study revealed that biases on 
the part of endocrinologists (as reported by the 
recipients) were a significant mediator in this pro-
cess.69 The study targeted either recipients who 
were hospitalized for diabetic ketoacidosis in the 
previous year or had HbA1c > 9% (75 mmol/mol) 
and were recorded as having two or more con-
secutive ‘no-shows’ for endocrinology visits or 
received their primary care at a Federally Qualified 
Health Center, which provides care regardless of 
insurance status. Focus groups were led by 
trained faculty members with expertise in qualita-
tive research, assisted by graduate assistants. 
Focus groups were conducted according to a 
semi-structured format, using a standard protocol 
script with open-ended questions regarding their 
diabetes technology use and resources. The found 
biases most often involved statements regarding 
the suitability of the participants for the use of 
CGM, stating that the technology would be too 
difficult for them to use, or that their glycemic 
regulation was too poor. This is reflected in 
another study, which found a marked discrepancy 
in barriers reported by endocrinologists and 
patients.70 Whereas 40%–46% of endocrinolo-
gists endorsed the notion that the information 
provided by CGMs would be too difficult to 
understand, only 4.5% of patients agreed. If a 
provider perceives more barriers, they are natu-
rally less inclined to prescribe CGMs.71

Social context
While the effects of social context have been 
widely studied as a determinant of diabetes preva-
lence and outcomes,10 it has been less studied 
regarding CGM adoption. Most CGM-focused 
studies have been based on SES. One part of the 
social context is elucidated in a study that found 
that among Hispanic patients, English speakers 
were less likely to use CGM and had higher 
HbA1c than their Spanish-speaking counterparts 
[33% versus 62%, p = 0.002, 9.69% ± 2.22% 
(82.4 ± 24.3 mmol/mol) versus 8.49% ± 1.94% 
(69.3 ± 21.2 mmol/mol), p = 0.003, respec-
tively].72 These differences were theorized to be 

because Spanish-speaking patients were often 
served by Spanish-speaking providers, eliminating 
the language barrier. Moreover, Spanish-speaking 
Hispanic people are more likely to have a stronger 
family support network and oversight. This high-
lights both the importance of a strong social struc-
ture and the role of the language barrier.

Negative perceptions also play a role in the adop-
tion of CGM technology. It was found that non-
Hispanic Black parents experienced that their 
children were treated differently for wearing 
CGM devices and being bullied for it.73 In addi-
tion, non-Hispanic Black parents reported higher 
levels of shame regarding the diagnosis of diabe-
tes and being judged for having a child with the 
disease. It would be said that the disease, T1D in 
this case, was the consequence of a faulty lifestyle, 
even if this belief is untrue. This combination of 
factors makes non-Hispanic Black parents more 
likely to want to cover up the fact that their child 
has diabetes, thus avoiding any outward signs 
thereof, such as CGMs.

Ethnicity
In the USA, after correction for SES and diabetes 
care factors, CGM utilization differed according to 
ethnicity, with non-Hispanic Black persons utiliz-
ing fewer CGMs than non-Hispanic White and 
Hispanic persons (31% versus 53% versus 58%).18 
Similar results were found by other studies, in the 
USA,57,58,67,74–76 and abroad.42 In Germany, after 
the inclusion of CGM devices in the statutory 
healthcare plans, the effect of a migration back-
ground (a proxy for ethnicity) on CGM utilization 
decreased but did not disappear (OR 1.79 prior, 
OR 1.30 after).36 This indicates that cultural and 
language barriers do remain and should be 
addressed separately. These ethnic disparities 
might be mediated by prescriber biases. One study 
found that non-Hispanic Black persons were less 
likely to have documented discussions about CGM 
initiation (OR 0.41, 0.29–0.90) and CGM pre-
scriptions (OR 0.61, 0.41–0.93), even after adjust-
ment for SES and clinic attendance.77 A similar 
pattern was found in another study.78 In addition, 
they also found higher rates of discontinuation 
among non-Hispanic Black children. After correc-
tion for insurance type, age at diagnosis, and sex, 
non-Hispanic White children were 3.9 (2.2–6.9) 
times as likely to continue CGM use 1 year after 
diagnosis. As such, not only are ethnic minorities 
less likely to be initiated on CGMs but they are also 
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less likely to continue it once attained. The lower 
prescription rate could be indicative of the use of 
subjective criteria and the presence of implicit 
biases in offering CGMs to ethnic minorities, which 
was also found by Howe et al. 73 They found that 
the argument of needing to have stable blood glu-
cose levels prior to initiation was often used in com-
munication with non-Hispanic Black parents, 
whereas it was not with non-Hispanic White par-
ents. In addition, Agarwal et al.79 found that pro-
viders often played the role of gatekeeper, with 
some participants (either non-Hispanic Black or 
Hispanic) only learning about the existence of these 
technologies once participating in the study. Other 
participants stated the same experiences as those 
found by Howe et al.73 The lower continuation rate 
could be due to issues with the support systems sur-
rounding CGM use or due to changes in reim-
bursement eligibility. The presence of implicit bias 
was further investigated in a vignette study, in 
which the patients had different names, which 
demonstrated the presence of ethnic bias in 34% of 
the provider cohort.65 This needs to be addressed 
to ensure equitable access to optimal care.

Recommendations
All the included studies demonstrate that the 
effects of SES, social context, and ethnicity on the 
utilization of CGMs are multi-faceted. As such, 
any attempt at remedying these disparities must be 
equally multi-faceted. It appears that the main 
driver behind the disparities in CGM utilization is 
household income, either measured directly or via 
proxy (such as insurance status.55,57,58,67 These dis-
parities differed in degree between countries, 
depending on the construction of their healthcare 
system. It was present even in those countries with 
socialized healthcare, with the impact being less-
ened in those with more generous reimbursement 
practices. Expanding reimbursement coverage has 
then been argued to decrease disparities in CGM 
access.80 In practice, addressing this aspect has 
been found to significantly increase CGM utiliza-
tion in the lower SES quintiles. In Germany36 and 
Australia,48 this has been achieved via the inclu-
sion of the CGMs into the preexisting universal 
healthcare structures. In California, USA, a similar 
structure was introduced, which provided is-CGM 
devices with a $0 co-pay for all Medicaid recipi-
ents.66 This was found to have equalized CGM 
uptake among ethnicities; however, large 95% CI 
intervals remained. This could indicate that, while 
generous reimbursement practices could go a long 

way in addressing disparities, it is possible that it 
may not wholly negate disparities.

Other studies have also found a reduction in dis-
parities but not total negation after expanding 
reimbursement practices.36 Supporting this, other 
studies have found evidence of prescription biases 
that extend beyond that of insurance eligibility. 
One such study found that non-Hispanic Black 
children were less likely to use CGMs compared 
to non-Hispanic White children in both the pub-
licly and commercially insured populations.81 In 
addition, not all cost-related barriers are neces-
sarily related to the reimbursement of the devices 
to the patients. They also manifest as opportunity 
costs, for instance as a lack of training resources 
and staff and the allotted time for reviewing CGM 
data being inadequate, as reported by both 
Kompala et al.61 and Rosenfeld et al.82 In addi-
tion, improvements in ‘CGM infrastructure’ are 
also needed, as the time between the prescription 
of CGMs and receiving them is long, namely 
152 days on average when prescribed through a 
commercial provider.83 This is reported to be 
mostly due to the administrative burden and the 
need to resubmit documentation for the eligibility 
of the CGMs.84

Behavioral barriers also need to be addressed. For 
instance, the provider could suffer from implicit 
biases against ethnic minorities or those of lower 
SES.64,65 This could be addressed via bias preven-
tion training but it might be more effective to fur-
ther enforce the use of objective criteria, 
circumventing subjective bias entirely. Such criteria 
could also be embedded within the previously men-
tioned streamlining of the prescription process.

The higher rate of discontinuations can be 
addressed by offering specialized programs, which 
can be fine-tuned to the needs of the population.78 
One instance of this was the CGM Time-In-Range 
program in California, which, prior to the reim-
bursement changes, provided additional aid for 
navigating the insurance system and CGM usage.85 
In all six reported cases, this resulted in improved 
glycemic regulation and sustained, effective use of 
CGMs. This is further a study that reported that 
offering CGM education prior to prescription 
impressively increases the odds of CGM initiation 
(OR 12.29, 95% CI 5.57–27.10).83 Another suc-
cessful showcase is reported on by Schmitt et al.86 
They used stakeholder interviews to identify prob-
lem areas and then implemented measures to 
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address these issues. These were summarized and 
addressed as follows:

1. � Increasing provider awareness of CGM cov-
erage, benefits, and disparities in access.
a. � Solution 1: Providing summary docu-

ments of CGM devices and insurance 
criteria, supported via education during 
meetings as needed.

b. � Solution 2: Providing providers with 
weekly analysis of their scheduled T1D 
patient contacts, assessing them for T1D 
high-risk status (HbA1c > 9%/74.9 mmol/
mol) and CGM access (at least one docu-
ment instance of CGM use, past or pre-
sent). Subsequent updates also provided 
statistics concerning their patient’s CGM 
access relative to the clinic average.

c. � Solution 3: Providing patients question-
naires aimed at identifying strong and 
weak points regarding their diabetes reg-
ulation, as well as possible solutions.

2.  Provide CGM sampling opportunities.
a. � Solution: Having single-use professional 

and personal CGMs available at the clinic 
for distribution. These could immediately 
be provided to the patient as needed.

3. � Advocate for CGM coverage criteria simplifi-
cation of the publicly insured.
a. � Solution: Contacted the Alabama Medicaid 

commissioner to remove the requirement 
of two documented episodes of hypoglyce-
mia in a 4-week period. This was 
successful.

While the combined implementation of these 
measures prevents us from assessing which meas-
ure is the most effective, its combined effects can-
not be understated. Overall CGM access 
increased from 50% to 82% over the 13-month 
period, with high-risk patients specifically increas-
ing from 34% to 85%, non-Hispanic Black from 
27% to 81% (for comparison, non-Hispanic 
White patients achieved 86%), and publicly 
insured from 25% to 78%. It can be argued that 
this is simply the result of natural progression, as 
some increase in access was already present before 
the introduction of these measures. However, 
strong and persistent stepwise increases in access 
were seen after each subsequent introduction of a 
measure, making it more likely that it was the 
measures that improved access. This program 
matches the barriers identified via group inter-
views.87 In addition, the same study also found a 

need for enhanced low-literacy and peer-to-peer 
support. A comparable program was imple-
mented by Mathias et al.88 This program included 
the formation of specialty clinics, the inclusion of 
social need-trained practice nurses in that clinic, 
additional CGM training for the staff, including 
bias training, and streamlining CGM prescription 
workflow. After implementation, CGM prescrip-
tion rates increased from 15% to 69% over the 
3-year period, which was more than national pre-
scription rates, with all ethnicities enjoying equal 
increases.

In summary, a successful CGM access program 
would need to contain multiple forms of support:

1. � Financial support: Ensuring that all those 
who need CGMs can financially afford them. 
This can be achieved by eliminating factors 
such as co-pay.

2. � Objective criteria: The utilization and 
enforcement of objective criteria, rather than 
subjective criteria, could further reduce SES 
and ethnic disparities. Ideally, those criteria 
should be based on measurements already 
collected as part of routine care, so as not to 
place any additional burdens on healthcare 
providers and to streamline auditing of those 
criteria. Galindo et al. 89 provide guidance on 
which criteria would be suitable, which are in 
line with statements from the American 
Diabetes Association90 and the American 
Association of Clinical Endocrinology,91 
namely one of the following:
a.  Diagnosed type 1 diabetes.
b. � Diagnosed type 2 diabetes treated with 

any kind of insulin.
c. � Diagnosed type 2 diabetes and problem-

atic hypoglycemia, documented via 
either capillary blood glucose monitoring 
(BGM) professional CGM or self-
reported incidence and severity, defined 
as either:
- � At least seven level 2 (moderate) hypo-

glycemic events (glucose ⩽ 3.0 mmol/L 
or 54 mg/dL) over the prior 30-day 
period.

- � At least one level 3 (severe) hypoglyce-
mic event (hypoglycemia requiring 
third-party intervention due to physical 
or mental dysfunction of the patient) 
over the prior 30-day period.
In all cases, the initiation of CGM 
devices should both be preceded and 
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followed up upon with regular con-
sultations from the prescribing pro-
vider (for instance, every 6 months), 
either in-person or via telemedicine, 
to ensure proper utilization of the 
device.

3. � Bureaucratic support: The paperwork sur-
rounding attaining CGMs is often reported as 
onerous, often based on the need to docu-
ment a proven need for the devices, and 
efforts to streamline this process have proven 
effective. One method of doing this would be 
providing simple checklists based on the 
aforementioned criteria as sufficient proof. 
This could be further strengthened by provid-
ing support staffing and documentation.

4. � Educational support (for providers): 
Improving familiarity with CGMs and associ-
ated practices will better enable providers to 
use them efficiently, thus increasing the like-
lihood of prescription and decreasing work-
load. In addition, the inclusion of anti-bias 
training could further reduce disparities. 
Examples of such programs are provided by 
Mathias et al.88 and Schmitt et al.86

5. � Educational support (for patients): Providing 
tailored education opportunities, incorporat-
ing cultural and language differences, can fur-
ther enhance CGM attainment and retention. 
Including features such as CGM sampling 
opportunities, peer-to-peer support networks, 
trained social need specialists, and tools for 
handling diabetes stigma will be necessary for 
forming a robust training program.

A combination of the above could form the basis 
for successfully eliminating SDOH-related and 
ethnic disparities. Which combination of these 
suggestions is most suited for implementation is 
dependent upon the local circumstances and 
needs of the population of that country or region. 
For instance, in countries where the income of 
the patient is more impactful for the quality of 
care, such as those where people are predomi-
nantly privately insured, financial support would 
be of great importance. In countries with more 
socialized systems of healthcare, educational sup-
port could be more impactful.

It should be noted that the majority of the collected 
evidence in this review stems from research origi-
nating from the USA. This may restrict the rele-
vance of the findings and recommendations 
provided in this review to countries beyond the 

USA. Nevertheless, the results of studies conducted 
in Europe and Oceania, which are also incorpo-
rated into this review, underscore that the issues 
described are not exclusive to the USA. 
Furthermore, the comparison of various health sys-
tems in this article, and the fact that disparities per-
sist across this system, shows that there is no ‘silver 
bullet’ for remedying disparities, but rather, that 
there is a need for a multi-faceted approach. 
Therefore, we argue that by tailoring CGM access 
programs to the specific requirements of each local 
population, there is a real opportunity to enhance 
the adoption of CGM technology and consequently 
enhance diabetes care in these diverse regions.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Riemer A. Been: Investigation; Methodology; 
Resources; Writing – original draft.

Annel Lameijer: Writing – review & editing.

Reinold O. B. Gans: Supervision; Writing – 
review & editing.

André P. van Beek: Supervision; Writing – 
review & editing.

Andrew P. Kingsnorth: Writing – review & 
editing.

Pratik Choudhary: Writing – review & editing.

Peter R. van Dijk: Conceptualization; 
Supervision; Writing – review & editing.

Acknowledgements
The authors want to thank S. van der Werf, the 
librarian, for her help in formulating the search 
strategy.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: P.C. and 
P.R.v.D. are funded by an unrestricted educa-
tional grant from the European Foundation for 
the Study of Diabetes (EFSD) mentorship pro-
gram supported by AstraZeneca.

https://journals.sagepub.com/home/tae


RA Been, A Lameijer et al.

journals.sagepub.com/home/tae	 9

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
All data and materials are publicly available 
online.

ORCID iD
Peter R. van Dijk  https://orcid.org/0000-0002- 
9702-6551

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Galindo RJ and Aleppo G. Continuous glucose 

monitoring: the achievement of 100 years of 
innovation in diabetes technology. Diabetes Res 
Clin Pract 2020; 170: 108502.

	 2.	 Bailey TS, Walsh J and Stone JY. Emerging 
technologies for diabetes care. Diabetes Technol 
Ther 2018; 20: S278–S284.
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et al. Benefits and drawbacks of continuous 
glucose monitoring (CGM) use in young 
children with Type 1 diabetes: a qualitative 
study from a country where the CGM is 
not reimbursed. J Patient Exp 2021; 8. 
DOI:10.1177/23743735211056523.

https://journals.sagepub.com/home/tae
https://www.nice.org.uk/advice/mib110/chapter/The-technology
https://www.nice.org.uk/advice/mib110/chapter/The-technology
https://nhsdorset.nhs.uk/Downloads/aboutus/medicines-management/Other%20Guidelines/T2DM%20prescribable%20CGM%20pathway%2029.03.23.pdf
https://nhsdorset.nhs.uk/Downloads/aboutus/medicines-management/Other%20Guidelines/T2DM%20prescribable%20CGM%20pathway%2029.03.23.pdf
https://nhsdorset.nhs.uk/Downloads/aboutus/medicines-management/Other%20Guidelines/T2DM%20prescribable%20CGM%20pathway%2029.03.23.pdf
https://nhsdorset.nhs.uk/Downloads/aboutus/medicines-management/Other%20Guidelines/T2DM%20prescribable%20CGM%20pathway%2029.03.23.pdf
https://nhsdorset.nhs.uk/Downloads/aboutus/medicines-management/Other%20Guidelines/T2DM%20prescribable%20CGM%20pathway%2029.03.23.pdf
https://www.health.gov.au/about-us/the-australian-health-system
https://www.health.gov.au/about-us/the-australian-health-system
https://www.jdrf.ca/advocacy/access-for-all/coverage-map/
https://www.jdrf.ca/advocacy/access-for-all/coverage-map/


Therapeutic Advances in 
Endocrinology and Metabolism Volume 15

12	 journals.sagepub.com/home/tae

	63.	 Sinisterra M, Wang CH, Marks BE, et al. 
Patterns of continuous glucose monitor use in 
young children throughout the first 18 months 
following Type 1 diabetes diagnosis. Diabetes 
Technol Ther 2021; 23: 777–781.

	64.	 Addala A, Hanes S, Naranjo D, et al. Provider 
implicit bias impacts pediatric type 1 diabetes 
technology recommendations in the United 
States: findings from the Gatekeeper Study. J 
Diabetes Sci Technol 2021; 15: 1027–1033.

	65.	 Odugbesan O, Addala A, Nelson G, et al. Implicit 
racial–ethnic and insurance-mediated bias to 
recommending diabetes technology: Insights from 
T1D exchange multicenter pediatric and adult 
diabetes provider Cohort. Diabetes Technol Ther 
2022; 24: 619–627.

	66.	 Ni K, Tampe CA, Sol K, et al. Effect of CGM 
access expansion on uptake among patients on 
Medicaid with diabetes. Diabetes Care 2023; 46: 
391–398.

	67.	 Kommareddi M, Wherry K and Vigersky RA. 
Racial/ethnic inequities in use of diabetes 
technologies among Medicare advantage 
beneficiaries with Type 1 diabetes. J Clin 
Endocrinol Metab 2023; 108: e388–e395.

	68.	 Chen CW, Tinsley LJ, Volkening LK, et al. 
Observed characteristics associated with diabetes 
device use among teens with Type 1 Diabetes. J 
Diabetes Sci Technol 2023; 17: 186–194.

	69.	 Walker AF, Hood KK, Gurka MJ, et al. Barriers 
to technology use and endocrinology care for 
underserved communities with Type 1 diabetes. 
Diabetes Care 2021; 44: 1480–1490.

	70.	 Tanenbaum ML, Adams RN, Hanes SJ,  
et al. Optimal use of diabetes devices: clinician 
perspectives on barriers and adherence to device 
use. J Diabetes Sci Technol 2017; 11: 484–492.

	71.	 Lanning MS, Tanenbaum ML, Wong JJ,  
et al. Barriers to continuous glucose monitoring 
in people with Type 1 diabetes: clinician 
perspectives. Diabetes Spectr 2020; 33: 324–330.

	72.	 Tsai D, Flores Garcia J, Fogel JL, et al. Diabetes 
technology experiences among Latinx and Non-
Latinx youth with Type 1 diabetes. J Diabetes Sci 
Technol 2022; 16: 834–843.

	73.	 Howe C, Morone J, Hawkes C, et al. Racial 
disparities in technology use in children with 
type 1 diabetes: a qualitative content analysis of 
parents’ perspectives. The science of diabetes 
self-management and care. Sci Diabetes Self 
Manag Care 2023; 49: 55–64.

	74.	 Majidi S, Ebekozien O, Noor N, et al.; T1D 
Exchange Quality Improvement Collaborative 
Study Group. Inequities in health outcomes in 

children and adults with type 1 diabetes: data 
from the T1D exchange quality improvement 
collaborative. Clin Diabetes 2021; 39: 278–283.

	75.	 Ebekozien O, Agarwal S, Noor N, et al. Inequities 
in diabetic ketoacidosis among patients with type 
1 diabetes and COVID-19: data from 52 US 
Clinical centers. J Clin Endocrinol Metab 2021; 
106: 1755–1762.

	76.	 Wirunsawanya K, Rizo I and Fantasia K. OR30-
03 racial differences in technology use among 
Type 1 diabetes in a safety-Net hospital. J Endocr 
Soc 2020; 4: 669–700.

	77.	 Kanbour S, Jones M, Abusamaan MS, et al. 
Racial disparities in access and use of diabetes 
technology among adult patients with type 1 
diabetes in a U.S. Academic Medical Center. 
Diabetes Care 2023; 46: 56–64.

	78.	 Lai CW, Lipman TH, Willi SM, et al. Racial and 
ethnic disparities in rates of continuous glucose 
monitor initiation and continued use in children 
with Type 1 diabetes. Diabetes Care 2021; 44: 
255–257.

	79.	 Agarwal S, Crespo-Ramos G, Long JA, et al. I 
didn’t really have a choice”: qualitative analysis of 
racial-ethnic disparities in diabetes technology use 
among young adults with type 1 diabetes. Diabetes 
Technol Ther 2021; 23: 616–622.

	80.	 Isaacs D, Bellini NJ, Biba U, et al. Health 
care disparities in use of continuous glucose 
monitoring. Diabetes Technol Ther 2021; 23: S–81.

	81.	 Lipman TH, Smith JA, Patil O, et al. Racial 
disparities in treatment and outcomes of children 
with type 1 diabetes. Pediatr Diabetes 2021; 22: 
241–248.

	82.	 Rosenfeld C, Blevins T, Aleppo G, et al. Expert 
roundtable on continuous glucose monitoring. 
Endocr Pract 2022; 28: 622–627.

	83.	 Modzelewski KL, Murati J, Charoenngam N, 
et al. Delays in continuous glucose monitoring 
device initiation: a single center experience and 
a call to change. Diabetes Technol Ther 2022; 24: 
390–395.

	84.	 Huynh P, Toulouse A and Hirsch IB. One-year 
time analysis in an academic diabetes clinic: 
quantifying our burden. Endocr Pract 2018; 24: 
489–491.

	85.	 Lee MY, Tanenbaum ML, Maahs DM, et al. 
Overcoming barriers to diabetes technology in 
youth with Type 1 diabetes and public insurance: 
Cases and call to Action. Case Rep Endocrinol 
2022; 2022: 1–5.

	86.	 Schmitt J, Fogle K, Scott ML, et al. Improving 
equitable access to continuous glucose monitors 

https://journals.sagepub.com/home/tae


RA Been, A Lameijer et al.

journals.sagepub.com/home/tae	 13

for Alabama’s children with Type 1 Diabetes: 
a quality improvement project. Diabetes Technol 
Ther 2022; 24: 481–491.

	87.	 Agarwal S, Crespo-Ramos G, Leung SL,  
et al. Solutions to address inequity in diabetes 
technology use in Type 1 diabetes: results 
from multidisciplinary stakeholder co-creation 
workshops. Diabetes Technol Ther 2022; 24: 
381–389.

	88.	 Mathias P, Mahali LP and Agarwal S. 
Targeting technology in underserved adults 
with Type 1 diabetes: Effect of diabetes practice 
transformations on improving equity in CGM 
prescribing behaviors. Diabetes Care 2022; 45: 
2231–2237.

	89.	 Galindo RJ, Aleppo G, Parkin CG, et al. Increase 
access, reduce disparities: recommendations 
for modifying Medicaid CGM coverage 
eligibility criteria. J Diabetes Sci Technol. Epub 
ahead of print 16 December 2022. DOI: 
10.1177/19322968221144052.

	90.	 American Diabetes Association Professional 
Practice Committee. Diabetes Technology: 
Standards of Medical Care in Diabetes-2022. 
Diabetes Care Internet 2022; 45: S97–112.

	91.	 Grunberger G, Sherr J, Allende M, et al. 
American association of clinical endocrinology 
clinical practice guideline: the use of advanced 
technology in the management of persons with 
diabetes mellitus. Endocr Pract 2021; 27: 505–537.

Visit Sage journals online 
journals.sagepub.com/
home/tae

 Sage journals

https://journals.sagepub.com/home/tae

