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Background: Socioeconomic status (SES) and ethnic inequalities in type 1 diabetes (T1D) outcomes are well-established. There is
concern that unequal access to technologies, including continuous glucose monitoring (CGM), may increase disparities. This
systematic review summarises the evidence for inequalities in the prevalence of CGM use for children and young people (CYP) and
outcomes for CGM users.

Methods: Medline, Embase and Web of Science were searched for observational studies published between January 2000 and July
2023 which report CGM use stratified by any PROGRESS-Plus criteria for T1D patients under 26. Reports based in low- or middle-
income countries, <500 participants or only reporting hybrid closed-loop systems were excluded. Primary outcomes were the
proportion of patients using CGM and HbAlc of CGM users. Quality assessment was performed using the Newcastle-Ottawa
Scale. Unadjusted odds ratios were calculated from the extracted summary data, though heterogeneity precluded meta-analysis.
The protocol was preregistered with PROSPERO (CRD42023438139).

Results: Of the 3369 unique studies identified, 27 met the inclusion criteria. Thirty-three percent were of ‘good” or ‘very good’
quality. We found decreased CGM use and higher discontinuation for low SES, low education, publicly insured and minority
ethnic, especially Black, CYP. These associations were generally robust to adjustment for other sociodemographic variables,
suggesting an independent effect. Lower SES inequalities were seen in countries where CGM is reimbursed. Although low SES
and minority ethnicity were associated with poorer outcomes in general, for CGM users there was no significant association
between domains of disadvantage and higher HbAlc, excepting parental education.

Conclusions: There are significant SES, ethnic and education inequalities in CGM use for CYP with T1D, particularly when
reimbursement is limited. This inequity is contributing to inequalities in T1D outcomes. However, evidence suggests CYP benefit
equally from CGM use, irrespective of ethnicity and SES. Increasing CGM funding and use is likely to reduce outcome inequalities.

1. Introduction

Continuous glucose monitoring (CGM) uses disposable subcu-
taneous sensors to measure interstitial glucose concentrations
[1]. Data are transmitted to a smartphone either automatically
at regular intervals (real-time CGM [rtCGM]) or when the
sensor is manually scanned with a receiver device (intermit-
tently scanned CGM [isCGM]) [2]. CGM data allow indivi-
duals and their healthcare professionals to optimise blood

glucose control through timely and personalised adjustment
of insulin doses [1]. CGM has been demonstrated to improve
quality of life, time in range (TIR) and HbAlc of people living
with diabetes in meta-analyses of randomised controlled trials
(RCTs) [1] and real-world scenarios [3]. Additionally, CGM is
cost-effective [4] and highly acceptable to patients [5]. Conse-
quently, many countries are moving to fund CGM for type 1
diabetes (T1D) mellitus, particularly for children and young
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people (CYP), as good glycaemic control in early life reduces
the risk of complications in adulthood [6, 7].

However, there is increasing concern that this technology
may be contributing to health inequalities. Firstly, studies have
suggested that disadvantaged groups have lower uptake of
CGM [2], as has previously been demonstrated for insulin
pumps [8]. Secondly, there is concern that even amongst
CYP using CGM, it may differentially benefit more advantaged
groups [9]. CGM, in particular isCGM, benefits individuals
with the highest agency—those who scan and adjust their insu-
lin doses most frequently [10]. Previous research has demon-
strated that interventions that require a high degree of agency
tend to increase inequalities [11].

This is a particularly pressing issue as inequalities in gly-
caemic control and diabetes complications for CYP from
minority ethnic and socioeconomically disadvantaged back-
grounds are already widespread, and UK data suggest they
have been increasing over recent years [12]. Increasing access
to diabetes technologies for CYP is one of NHS England’s
Core20PLUS5 priorities to reduce health inequalities [13];
characterising patterns of CGM use and benefit is vital to
achieve this goal. However, inequalities in prevalence of
CGM use have not yet been systematically evaluated and,
despite suggestions that high agency interventions tend to dis-
proportionately benefit the most advantaged groups, evidence
is lacking as to whether this is the case for CGM.

In this review, demographic groups of interest are defined
according to the Cochrane PROGRESS-Plus framework, an
acronym used to describe several characteristics which stratify
health opportunities and outcomes, encompassing place of res-
idence, race/ethnicity/culture, occupation, gender, religion,
education, socioeconomic status (SES) and social capital [14].

In summary, this systematic review seeks to explore the
following:

1. The prevalence of CGM use and discontinuation rates
across PROGRESS-Plus groups amongst CYP with T1D.

2. How glycaemic control and management varies across
PROGRESS-Plus groups amongst CYP with T1D using
CGM.

2. Materials and Methods

2.1. Search Strategy and Selection Criteria. We undertook a
systematic review of observational studies that reported the use
of CGM or outcomes for CGM users by PROGRESS-Plus
groups in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[15]. CGM was defined as either isCGM or rtCGM use.
Primary outcomes of interest were the proportion of parti-
cipants using CGM and mean HbAlc of CGM users. Only
studies reporting primary outcomes stratified by one or more
PROGRESS-Plus group were included. Absolute numbers in
each group, mean HbAlc of whole group, odds ratios, effect
size, slope index of inequality and results of relevant statistical
analyses were recorded. Additional outcomes of interest were
CGM initiation and discontinuation rates, rates of hypoglycae-
mia and diabetic ketoacidosis, TIR and frequency of CGM use.
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All outcomes were prespecified in the PROSPERO protocol
(CRD42023438139).

The search strategy was devised by an experienced infor-
mation scientist (IK). Health inequalities and CGM search
terms were adapted, respectively, from Prady et al. [16] and
Elbalshy et al. [1]. Full details of the search strategy are outlined
in (Supporting Information 1). Ovid Medline, Ovid Embase
and Web of Science were searched on July 4, 2023. A grey
literature search using the terms ’continuous glucose monitor-
ing children inequalities’ was undertaken on August 25, 2023,
and the first 100 results were screened.

Inclusion criteria were (1) reports CGM use or HbAlc of
CGM users stratified by any PROGRESS-Plus group; (2)
reports outcomes for patients <25; (3) reports outcomes for
patients with T1D; (4) observational studies; and (5) primary,
secondary or tertiary healthcare setting.

Exclusion criteria were (1) reviews, letters, editorials and
RCTs; (2) <500 participants; (3) studies published before Jan-
uary 1, 2000, as CGM was not commercially available until
1999 [1]; (4) based in low- and middle-income countries; (5)
assessed hybrid closed-loop systems only; (6) assessed pregnant
populations; and (7) only assessed interregional disparities.

Following initial removal of duplicates, all titles and
abstracts were screened by JHD using Rayyan. Twenty percent
of articles were randomly selected for independent screening by
LJM to assess for systematic errors. Discrepancies were resolved
through discussion with JF. Full texts were assessed against
eligibility criteria by JHD, and all uncertainties resolved
through discussion with LJM and JF. Reasons for exclusion
were recorded (Supporting Information 2). Backwards and
forwards citation searching of all included studies was
performed.

Data were extracted by JHD using a predesigned standar-
dised template (Supporting Information 3). A narrative synthe-
sis was undertaken, grouping outcomes by PROGRESS-Plus
criteria reported.

2.2. Data Analysis. Quality assessment for primary outcomes
was performed independently by AT and AB. The
Newcastle-Ottawa Scale was used for cohort studies [17],
and an adapted version was used for cross-sectional studies
[18]. Discrepancies were resolved through discussion
with JHD.

All figures and odds ratios were generated using RStudio
(2023.06.0+421). Given significant heterogeneity in popula-
tions and study periods, no meta-analytic synthesis was per-
formed. Where given in Diabetes Control and Complications
Trial (DCCT) units, all HbA1c¢ values were converted to mmol/
mol for ease of comparison.

3. Results

The search strategy identified 4345 results, of which 3369 were
unique. The PRISMA flow diagram is shown in Figure 1. Study
characteristics are summarised in Table 1. Twenty seven
reports met inclusion criteria—21 journal articles, five annual
audit reports and one master’s thesis. The most common set-
tings were the United States (n=11), the United Kingdom
(n=5) and Germany (n=3). The remainder included data
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Figure 1: PRISMA 2020 flow diagram [14].

from both the United States and Germany (n=2); Canada
(n=2), New Zealand (n=1) or other mainland European
countries (n=3). 56% (n =15) were large multicentre studies.
All studies reported CGM use and three studies additionally
reported HbAlc outcomes for CGM users stratified by
PROGRESS-Plus groups [2, 28, 35]. Regarding CGM use,
52% (n=14) were rated as ‘moderate’ and 33% (n=9) ‘good’
or ‘very good’ quality (Supporting Information 4).

The proportion of CYP using CGM ranged from 3.0% to
80.8% [21, 37], with a general increase over time (Figure 2a).
Mean HbA g, regardless of CGM use, ranged from 73.8 mmol/
mol to 58.7 mmol/mol [19, 25, 28]. There were no clear tem-
poral trends in outcomes (Figure 2b), though European chil-
dren generally had better glycaemic control than their US
counterparts. CGM users had lower HbAlc than nonusers in
all but one study that reported these outcomes (n =9), with the
difference ranging from 0.0 to 16.4 mmol/mol [21, 23, 24, 26,
28, 32, 36-38]. This difference has generally increased over

time, primarily due to poorer outcomes for CGM nonusers
(Figure 2c).

3.1. Ethnicity. Ten multicentre and nine single-centre studies
reported CGM use by ethnicity (Table 2). Most were US-based
(n=13) or UK-based (n=5). Seventy-nine percent(n=15)
found higher CGM usage for White CYP relative to all other
ethnic groups, though only nine studies assessed the statistical
significance of ethnic differences in CGM use. Seven studies
performed unadjusted analysis, of which four demonstrated
significantly higher CGM use in White, relative to Black and
Hispanic, CYP [24, 29, 30, 32]. Of the remainder, one found
significantly higher rates of CGM use for White children <13,
but not for older CYP [23]; one found higher CGM use in
White relative to Hispanic (p<0.0001), but not Black (p =
0.07) CYP [26]; and one found ethnicity was not significantly
associated with CGM use [27]. Calculation of unadjusted odds
ratios demonstrated White CYP had significantly higher odds
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FiGure 2: Trends in CGM use and HbA1c for children and young people: (a) CGM use, (b) mean HbAlc and (c) mean HbAlc stratified by
CGM use. For studies conducted over multiple years, the midpoint of the study period was used.

of using CGM in all but one study (Figure 3a) [27]. Unadjusted
odds ratios for not using CGM relative to White CYP ranged
from 1.41 (1.21, 1.65) to 5.77 (3.69, 9.55) for Black CYP (n=
15) [12, 32], 1.52 (1.12, 2.13) to 4.10 (2.92, 5.90) for Hispanic
CYP (n=9) [ 23, 32] and 0.50 (0.10, 2.76) to 2.18 (1.82, 2.63)
for Asian CYP (n=7) (Supporting Information 5) [26, 44].
Black CYP had higher unadjusted odds of not using CGM than
Hispanic patients in eight of the 10 studies that reported CGM
usage of both groups (Supporting Information 5). All five stud-
ies that adjusted for key sociodemographic variables on multi-
variable analysis, including SES measures, demonstrated a
significant association between CGM use and White ethnicity
2, 19, 29, 30, 32].

Three studies addressed additional facets of CGM use. One
US single-centre study found that, whilst CYP of all ethnicities
achieved relatively high CGM use, Black and Hispanic patients
took significantly longer to start CGM, had fewer average days
of use and were more likely to discontinue CGM relative to

White patients [27]. Two further US-based studies demon-
strated higher discontinuation rates for Black—but not
Hispanic—CYP [30] and significantly lower rates of sensor
wear for minority ethnic CYP [26].

White CYP were generally the group with the lowest HbAlc
(n=12), and Black CYP were the group with the highest (1 =8).
These differences were statistically significant on unadjusted (n
=7)[2,19,22,28, 29, 31, 32] and multivariate analysis (n =>5)
[2, 19, 22, 31, 32]. Three studies reported outcomes for CGM
users of different ethnicities (Table 2) [2, 28, 31]. One US study
found that minority ethnicity was a significant predictor of
higher HbA1c for CGM nonusers, but, for CGM users, ethnicity
was not significantly associated with HbAlc [28]. For CYP in
New Zealand, there was similarly no significant association
between ethnicity and outcomes for CYP using rtCGM on mul-
tivariable modelling, but non-European ethnicity was associated
with higher HbAlc for CGM nonusers and isCGM users [2].
One study found White ethnicity was associated with
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Pediatric Diabetes

Study White Minority ethnicity Forest plot Odds ratif)
(CGM users/total) (CGM users/total) (95% confidence interval)
United States
Wong (T1DX, 2010) 535/10161 7912478 —— 1.68 (1.33,2.16)
DeSalvo (T1DX, 2011) 362/9054 51/2554 —a— 2.04 (1.53,2.77)
Sheikh (US single centre, 2015-2016) 282/1043 87/949 ——  3.67(2.84,4.77)
Ravi (US single centre, 2015-2017) 111/403 66/488 —— 2.43(1.73,3.42)
Lai (US single centre, 2015-2018) 600/1105 126/404 —— 2.62 (2.06, 3.34)
DeSalvo (T1DX, 2016) 1596/6385 216/1801 - 2.44 (2.1, 2.85)
Alonso (US single centre, 2016-2017) 447/984 118/472 —a— 2.49 (1.96, 3.19)
Foster (T1DX, 2016-2018) 2661/8474 261/1626 - 2.39 (2.08, 2.76)
Tremblay (US single centre, 2016—-2020) 408/576 155/239 —— 1.32(0.95, 1.81)
Lipman (US single centre, 2018-2019) 702/1026 135/305 —— 2.73 (2.1, 3.54)
Sawyer (US single centre, 2018-2020) 1828/2575 781/1428 - 2.03(1.77,2.32)
Lee (US single centre, 2019) 639/1030 79/182 —a— 2.13 (1.55, 2.94)
Alonso (US single centre, 2020-2021) 750/984 303/472 —a— 1.79 (1.41, 2.27)
Germany
DeSalvo (DPV, 2011) 557/13919 104/3479 —-— 1.35 (1.1, 1.68)
DeSalvo (DPV, 2016) 3228/16142 675/4822 = 1.54 (1.4, 1.68)
United Kingdom
NPDA (England and Wales, 2017-2018) 2379/24027 233/4273 - 1.9 (1.66, 2.19)
NPDA (England and Wales, 2018-2019) 3258/24136 361/4490 - 1.78 (1.59, 2)
NPDA (England and Wales, 2019-2020) 4698/23256 657/4369 - 1.43 (1.31, 1.56)
NPDA (England and Wales, 2020-2021) 7301/25707 1060/4185 = 1.17 (1.09, 1.26)
NPDA (England and Wales, 2021-2022) 7473/24264 1485/5737 = 1.27 (1.19, 1.36)
New Zealand
Burnside (New Zealand, 2021) 634/846 178/358 == 3.02 (2.33,3.92)
T

0.5 1 2 4
Odds ratio (log2 scale)

Greater CGM use Greater CGM use
in minority ethnic CYP in White CYP

(a)

Ficure 3: Continued.
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Least deprived

Study quintile

(CGM users/total)
United States and Canada
Wong et al., 2014 (T1DX, 2010) 303/4952
Foster et al., 2019 (T1DX, 2016-2018) 1999/5312
Ladd, 2022 (Canada single centre, 2009-2021) 268/330
Stanley et al., 2023 (Canada single centre, 2018—2020) 111/188
Mainland Europe
Auzanneau et al., 2018 (DPV, 2015-2016) 519/7109
Delagrange (France, 2017-2018) 151/225
United Kingdom
NPDA, 2017/2018 (England and Wales, 2017-2018)  710/5547
NPDA, 2018/2019 (England and Wales, 2018—2019) 884/5491
NPDA, 2019/2020 (England and Wales, 2019-2020)  1324/5254
NPDA, 2020/2021 (England and Wales, 2020-2021)  1919/5530
NPDA, 2021/2022 (England and Wales, 2021-2022)  2151/5706
New Zealand
Burnside et al., 2022 (New Zealand, 2021) 230/279

Pediatric Diabetes

Most deprived Forest plot Odds ratio
quintile (95% confidence interval)
(CGM users/total)
45/1914 — 2.7 (1.99, 3.76)
484/3135 —-— 3.3(2.95, 3.69)
133/165 —_— 1.04 (0.64, 1.67)
68/194 — 2.66 (1.76, 4.05)
156/3477 —a— 1.68 (1.4, 2.02)
187/268 — 0.88 (0.6, 1.3)
385/6311 —a— 2.26 (1.99, 2.57)
530/6463 - 2.15(1.92,2.41)
890/6360 - 2.07 (1.88,2.28)
1686/7084 - 1.7 (1.57, 1.84)
1776/7430 - 1.93 (1.79, 2.08)
95/214 —s—> 5.85(3.9, 8.88)
T T T T 1
0.5 1 2 4 8
Odds ratio (log2 scale)

Greater CGM use in CYP Greater CGM use in CYP
in most deprived quintile in least deprived quintile

(b)

Ficure 3: Continued.
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Study Private insurance Non-private Forest plot Odds ratif)
(CGM users/total) (CGM users/total) (95% confidence interval)
United States
Wong (T1DX, 2010) 522/8350 60/2590 —— 2.80 (2.16, 3.71)
Sheikh (US single centre, 2015-2016) 352/1325 15/639 —>» 14.90 (9.11, 26.37)
Lai (US single centre, 2015-2018) 556/1016 170/493 —a— 2.29 (1.84,2.87)
Alonso (US single centre, 2016-2017) 423/926 116/462 —— 2.51 (1.96, 3.22)
Tremblay (US single centre, 2016—2020) 443/620 120/195 — 1.56 (1.11, 2.19)
Lipman (US single centre, 2018-2019) 663/973 174/358 —— 2.26 (1.77, 2.90)
Sawyer (US single centre, 2018-2020) 1785/2415 681/1354 - 2.80(2.43,3.22)
Lee (US single centre, 2019) 629/951 89/271 —a— 4.11 (3.09, 5.50)
Choudhary (US single centre, 2019-2020) 608/984 159/648 —— 4.97 (3.99, 6.20)
Alonso (US single centre, 2020-2021) 742/941 275/456 —— 2.45(1.92,3.13)
Choudhary (US single centre, 2020-2021) 604/984 231/647 —= 2.86(2.33,3.15)

0.5 1 2 4 8 16
Odds ratio (log2 scale)

Greater CGM use in CYP  Greater CGM use in CYP
without private insurance  with private insurance

(¢)

FiGure 3: Continued.



16 Pediatric Diabetes
Study Males Females Forest plot Odds rati‘o
(CGM users/total) (CGM users/total) (95% confidence interval)
United States and Canada
Wong (T1DX, 2010) 287/6480 327/6171 —— 0.83(0.7,0.97)
DeSalvo (T1DX, 2011) 178/5920 171/5688 — 1(0.81, 1.24)
Sheikh (US single centre, 2015-2016) 165/982 204/1010 — 0.8 (0.64, 1)
Ravi (US single centre, 2015-2017) 82/431 95/461 —_— 0.91 (0.65, 1.26)
Lai (US single centre, 2015-2018) 401/849 325/660 —— 0.92 (0.75, 1.13)
DeSalvo (T1DX, 2016) 894/4257 864/3929 —— 0.94 (0.85, 1.05)
Alonso (US single centre, 2016-2017) 319/762 246/694 —— 1.31 (1.07, 1.62)
Tremblay (US single centre, 2016—-2020) 314/464 249/351 — 0.86 (0.63, 1.16)
Sawyer (US single centre, 2018-2020) 1347/2117 1262/1886 —— 0.87 (0.76, 0.99)
Lee (US single centre, 2019) 358/609 360/603 —— 0.96 (0.77, 1.21)
Alonso (US single centre, 2020-2021) 554/762 499/694 —— 1.04 (0.83, 1.31)
Ladd (Canada single centre, 2009-2021) 239/311 242/284 —_— 0.58 (0.38, 0.88)
Europe
DeSalvo (DPV, 2011) 362/9048 334/8351 —— 1 (0.86, 1.16)
DeSalvo (DPV, 2016) 1962/10901 1912/10063 - 0.94 (0.87, 1)
Kordonouri (Germany single centre, 2017-18) 118/373 103/327 — 1.01 (0.73, 1.39)
Bratke (Norway, 2017) 706/1431 615/1192 —— 0.91 (0.78, 1.07)
New Zealand
Burnside (New Zealand, 2021) 399/601 414/604 —— 0.91 (0.71, 1.15)
025 05 ! 2
Odds ratio (log2 scale)
Greater CGM use Greater CGM use
in females in males
(d)

FiGure 3: Forest plots of unadjusted odds ratios for CGM use. (a) Forest plot of unadjusted odds ratios for CGM use (white vs. minority ethnic
CYP). (b) Forest plot of unadjusted odds ratios for CGM use (least deprived quintile vs. most deprived quintile CYP). (c) Forest plot of
unadjusted odds ratios for CGM use (private insurance vs. no private insurance CYP). (d) Forest plot of unadjusted odds ratios for CGM use

(male vs. female CYP).

significantly greater TIR [31], and one found TIR did not signif-
icantly differ between ethnic groups [28].

3.2. Socioeconomic Status and Insurance Status. Twelve multi-
centre and two single-centre studies reported CGM use by SES,
quantified by the Index of Multiple Deprivation (n=12) or
household income (n=2) (Table 3, Figure 4). Ten US studies
turther reported CGM use for CYP with public and private
insurance.

Of the four studies that performed unadjusted analysis,
three found significantly lower unadjusted CGM use in the
most deprived quintile [2, 23, 36], and one Canadian study—
in which CGM use was over 80% for all SES groups—found no
significant difference [37]. Significantly greater unadjusted

odds of using CGM for the least deprived group were demon-
strated in all but two studies [37, 40], with a range of 0.88 (0.60,
1.30) to 5.85 (3.90, 8.88) (Figure 3b). Five studies performed
analysis adjusted for other sociodemographic variables includ-
ing ethnicity [2, 19, 33, 34, 37], of which four identified SES as a
significant predictor of CGM use [2, 19, 33, 34].

Privately insured CYP had significantly higher unadjusted
odds of using CGM for all studies for which calculation was
possible, ranging from 1.56 (1.11, 2.19) to 14.90 (9.11, 26.37)
(Figure 3c) [27, 32]. All studies that performed unadjusted (n =
5) [23, 24, 27, 30, 32] and adjusted (n=3) [19, 30, 32] analysis
found privately insured CYP were significantly more likely to
use CGM. Publicly insured CYP also took longer to initiate
CGM and used it less [27]. One study found those with public
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—— Ladd (Canada single centre, 2009—
2021)

-~~~ Auzanneau, 2021 (DPV, 2019)**
— Delagrange (France, 2017-2018)
-~~~ Auzanneau, 2021 (DPV, 2018)**
-~ Addala, 2021 (DPV, 2016-2018)**
Burnside (New Zealand, 2021)

— Stanley (Canada single centre, 2018-
2020)

-~~~ Auzanneau, 2021 (DPV, 2017)**

—— NPDA (England and Wales, 2021-
2022)

—— NPDA (England and Wales, 2020-
2021)

--- Addala, 2021 (T1DX, 2016-2018)**
—— TFoster (T1DX, 2016-2018)

—— NPDA (England and Wales, 2019-
2020)

-~~~ Auzanneau, 2021 (DPV, 2016)**

—— NPDA (England and Wales, 2018-
2019)

—— NPDA (England and Wales, 2017-
2018)

-~~~ Addala, 2021 (DPV, 2010-2012)**
--- Addala, 2021 (T1DX, 2010-2012)**

~-- Auzanneau, 2018 (DPV, 2015-
2016)**

— Wong (T1DX, 2010)

FiGURe 4: CGM use by socioeconomic quintile. **Data from Auzanneau et al. [34] and Auzanneau et al. [33] are taken from linear regression
models adjusted for sex, age group, migration, diabetes duration and federal state. Data from Addala et al. [19] are taken from linear
regression models adjusted for period, sex, age, diabetes duration, minority status, income/education/insurance by period interaction and
income/education/insurance by minority status interaction. All other studies represented in this figure use unadjusted data.

insurance were more likely to discontinue CGM [27], and one
study found no significant differences in discontinuation
rates [30].

HbA1lc was greater in the most deprived than in the least
deprived SES quintile in all studies in which it was assessed
(n=11). This difference was significant on multivariable (n =
4) [2, 19, 33, 40] and unadjusted (n=3) [2, 36, 40] analyses in

all but one study [37]. Private insurance was likewise signifi-
cantly associated with lower HbAlc on adjusted analysis (n =
4) [19, 28,31, 32]. Only one study performed subgroup analysis
of CGM users, which showed no significant difference in out-
comes for government and commercially insured children
(Table 3) [28]. No studies performed subgroup analysis for
household income or IMD.
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3.3. Sex. Sixteen studies reported CGM use by sex (Table 4).
Most demonstrated slightly higher CGM use for females,
though only two of the 10 studies in which statistical analysis
was performed found this difference to be significant [37, 39].
Unadjusted odds ratios demonstrated no significant associa-
tion between sex and CGM use in 10 of the 14 studies where
calculation was possible (Figure 3d). Females had significantly
greater unadjusted odds of using CGM in three studies [23, 27,
29] and males in one [25]. Sex was not associated with discon-
tinuation rates or days of use [27, 30].

Six studies reported HbAlc values by sex, of which five
performed multivariable analysis—in none was sex signifi-
cantly associated with HbAlc or TIR [2, 28, 31, 32, 35]. There
was no significant difference in outcomes for male and female
CYP using CGM [28, 35, 37].

3.4. Other PROGRESS-Plus Criteria. Three US studies
assessed how CGM use varied according to parental education;
lower parental education was significantly associated with
lower CGM use on unadjusted and multivariable analysis
[19, 23]. Other relevant criteria assessed included primary lan-
guage (n=3), migration background (n=1), rural versus
urban (n=1), household structure (n=1) and parental occu-
pation (n=1) (Table 5). Having parents who did not speak
English [24, 27, 32], a migration background [34], single parent
household [27] or parents who work in service/trade were all
significantly associated with lower CGM use [27]. CGM use did
not differ between rural and urban youth [24].

Lower parental education was a significant predictor of
poorer glycaemic outcomes on multivariable analysis [19,
28]. Notably, in contrast to insurance status and ethnicity,
low parental education remained significantly associated with
high HbA1lc in subgroup analysis of CGM users [28]. One
study reported a significant association between English-
speaking parents and lower HbAlc [32]. HbAlc was not
reported by studies assessing migration background, rural ver-
sus urban, household structure or parental occupation.

In general, significant associations between domains of
disadvantage and higher HbAlc remained significant after
adjusting for CGM and pump use on multivariable modelling.
More specifically, one Canadian study found rtCGM use—but
not isSCGM—to be a significant partial mediator of the rela-
tionship between SES deprivation and HbA ¢, accounting for
12% of the difference [36].

4. Discussion

We found widespread inequalities in CGM use for CYP with
T1D. Low SES, public insurance, low parental education and
minority ethnicity—particularly Black ethnicity—were all con-
sistently associated with lower CGM use. This is in keeping
with data from adults and other diabetes technology, such as
insulin pumps [8, 45]. Prevalence of CGM use was lower in low
SES and minority ethnic groups, and these CYP used it less
frequently, had less TIR and were more likely to discontinue its
use. These associations were generally robust to adjustment for
other key sociodemographic variables, suggesting that each
domain of disadvantage had an independent effect.

Pediatric Diabetes

Cost has been identified as a key barrier to CGM uptake in
both quantitative and qualitative studies [19, 46], and fully
subsidising CGM has been shown to dramatically increase
uptake and decrease SES inequalities [47, 48]. This review sup-
ports the importance of CGM subsidies. In general, we identi-
fied steeper SES inequalities in countries with no
reimbursement or commercial insurance systems [2, 19, 22].
Ethnic and SES inequalities were steepest in New Zealand,
where CGM is not reimbursed through either public or private
health insurance (Figure 4) [2]. In the United States, rtCGM is
funded by commercial insurance following certification of
medical need, though public Medicaid coverage varies by state
[6]. As of 2022, 40 states provide CGM for CYP with T1D
through Medicaid coverage, though before 2017 there was no
recommendation for funding [20]. Inequalities identified by
this review varied accordingly but were generally steeper than
in Europe.

In Germany, reimbursement of rtCGM by statutory insur-
ance, which covers ~90% of the population, started in summer
2016 [21]. This review found that, following an increase
between 2010 and 2016, inequalities in CGM use reduced to
the point where SES inequalities were no longer significant by
2019 on multiple regression modelling [19, 33, 34]. Similarly, in
the United Kingdom, where CGM technology has been funded
for all children with considerable fear or risk of hypoglycaemia
since 2015 [7], both socioeconomic and ethnic inequalities
decreased between 2018 and 2021, though increased again in
2022 [12]. However, it is of note that migration background
inequalities were not completely eliminated by reimbursement
in Germany [34], and UK data demonstrated persistent SES
and ethnic inequalities in CGM use despite broad eligibility for
tully-funded CGM [12].

Inequalities in clinician recommendation of CGM may
contribute to disparities that persist despite CGM funding.
White, high SES youth are more frequently offered diabetes
technology [8], and provider gatekeeping has been identified
as a key barrier to technology use in minority youth [49]. This
may be because some common criteria for eligibility, such as
performing a minimum number of daily blood glucose checks
[6], favour high SES, White CYP [3]. Other criteria, such as fear
and risk of hypoglycaemia [6, 7], may also more frequently
apply to these groups. As this review has consistently demon-
strated, less disadvantaged CYP tend to have better glycaemic
control, which has been associated with greater risk of hypo-
glycaemia [50]. Only one study identified by this review
reported rates of hypoglycaemia for different demographic
groups; they identified significantly higher rates of hypoglycae-
mia in CYP from areas with lower Indices of multiple depriva-
tion, in keeping with this hypothesis [33]. However, evidence is
mixed, as hypoglycaemia has also been associated with minor-
ity ethnicity and low SES elsewhere [ 50, 51]. Another possible
contributor to inequalities is that prescribing guidelines may
not be consistently followed. In the United States, which com-
prised the majority of studies identified by this review, only a
minority of providers reported using consensus guidelines
when prescribing insulin pumps; most relied on subjective fac-
tors such as patient motivation, lifestyle factors and perceived
ability to benefit [52, 53]. It has been suggested that implicit
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bias may exacerbate ethnic and SES inequalities in CGM use
through similar mechanisms [54].

Variation in acceptability to different demographic groups
may further contribute to differences in CGM uptake. Research
has indicated concerns amongst minority parents and youth
that conspicuous technology may increase stigma, due to poor
understanding of T1D in their communities [55, 56]. Lack of
confidence in using technology and higher levels of alarm
fatigue for CYP with poor glycaemic control have also been
identified as barriers to CGM use [55, 57]. These factors may
contribute to lower uptake and further may explain lower usage
rates and higher rates of discontinuation observed in this
review for minority ethnic, low SES CYP.

Though the majority of research has focused on CGM
uptake, concerns have been raised that disadvantaged youth
may derive less benefit from CGM [9]. Firstly, CGM yields
the greatest benefit when used concurrently with insulin
pumps, especially when these are combined in hybrid closed-
loop systems [58]. Inequalities in pump access are widespread
[8], and so increasing CGM use according to similar patterns
may be expected to compound existing disparities. Secondly,
CGM, especially isCGM, is a high-effort intervention, requiring
frequent adjustment of diet, exercise and insulin doses in light
of blood glucose information [1]. Those who use CGM and
adjust doses more frequently have been shown to derive greater
benefit [10, 59], as do patients with higher level of health
numeracy [60]. As lower diabetes numeracy and reduced fre-
quency of blood glucose monitoring are associated with minor-
ity ethnicity, low SES and low parental education [61, 62], it
may be expected that disadvantaged groups would derive less
benefit from CGM.

However, we found similar improvements in glycaemic
control for all ethnicities and insurance groups using CGM,
though evidence was limited [2, 28]. This concurs with previ-
ous data from adults [63], though may be somewhat con-
founded by the fact that CGM leads to more drastic change
for those with higher initial HbA1c [10]. In contrast, low paren-
tal education was associated with poorer outcomes on multi-
variate analysis, even for CGM users, though data were limited
[28]. This may implicate health numeracy as a continued
source of outcome inequality, even if access inequalities were
completely eliminated.

4.1. Strengths and Limitations. This is the first systematic
review to examine inequalities in CGM use and outcomes for
CYP internationally. We compared data through calculation of
unadjusted odds ratios where possible, though data were not
pooled due to heterogeneity across studies. We examined mul-
tiple domains of disadvantage and assessed socioeconomic
inequalities through income, education and insurance; how-
ever, there was insufficient data to assess multiple disadvantage.

Many studies did not perform multivariable analysis, so
some results may be subject to confounding. There is also a
risk of publication bias, either due to reluctance of healthcare
organisations to publish findings which may suggest increasing
inequalities or researchers focusing on highlighting disparities.
The search terms used in this review may have overrepresented
the latter. However, we have included a range of grey literature
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from established national datasets to mitigate this potential
source of bias. Finally, we could not robustly assess differential
outcomes for isSCGM and rtCGM use due to insufficient
reporting.

5. Conclusions

5.1. Implications for Policy and Future Research. Increased
data sharing is paramount to allow for equity monitoring of
data and equity-focused quality improvement in CGM use. The
recent change to UK guidelines recommending CGM for all
CYP provides a key opportunity to assess the impact of remov-
ing all CGM access restrictions on inequalities [7]. We found
that full reimbursement for CGM is likely to be effective in
reducing inequalities in access, especially those relating to
SES, and that most disadvantaged groups benefit equally
from CGM use. Where universal provision is unfeasible, sub-
jective or inequitable eligibility criteria, such as glucose moni-
toring frequency, should be removed and clear guidelines
published. Evidence-based interventions to reduce inequity in
prescribing, such as insurance navigation and social needs
assessments, may also be of benefit [64].

We found that lower parental education was associated
with outcome inequality amongst CGM users. Increasing
access to technologies that reduce the burden on patients and
families to understand and act on health information, such as
hybrid closed-loop systems or improved remote monitoring,
may reduce these inequalities [65, 66].

Finally, this study found adjusting for CGM use in multi-
variable models did not eliminate HbA 1¢ inequalities, suggest-
ing CGM access is only one of several pathways by which the
social determinants of health manifest with regard to diabetes
care. This supports modelling studies showing that equalising
diabetes treatment regimens would improve, but not eliminate,
diabetes outcome disparities [67]. Continued research is
required to identify further sources of inequality.
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