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Abstract
Background: Continuous glucose monitor (CGM) usage improves glycemia in people with type 1 diabetes (PWD) and is 
accepted as the standard of care. The CGM utilization is lower in patients with public insurance and minorized ethnicities. 
In 2022, California Medicaid reduced its barriers to obtaining CGM coverage for PWD. It is unknown whether this policy 
change is sufficient to increase CGM usage. We hypothesize that the change in Medicaid coverage improved CGM uptake in 
children and young adults with T1D.

Methods: Data were extracted from electronic medical record of a large urban children’s hospital in 2021 and 2022. The 
CGM usage was determined based on clinician documentation or the presence of CGM downloads. Kruskal-Wallis tests, 
Wald tests, and χ2 tests were used to test hypothesis (P < .05). Mixed effects logistical regression analyses were performed.

Results: We included 878 and 892 PWD (age ≤ 21 years) in 2021 and 2022, respectively. In 2022, Medicaid insured 59.3% 
of patients. Between 2021 and 2022, CGM usage did not change for privately insured patients (84%) but increased from 41% 
to 58% for patients receiving Medicaid. In our mixed effects logistic regression model, CGM usage was higher in 2022 and in 
English speakers. Public insurance, black race, and patients’ age were negatively associated with CGM usage.

Conclusion: Our results suggest that Medicaid expansion of CGM coverage increases its utilization for pediatric PWD but 
did not eliminate the disparity. Future studies are needed to identify barriers that preclude equity in technology uptake.
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Introduction

More than 300 000 children and adolescents live with type 1 
diabetes (T1D) in the United States.1 Despite advancements 
in insulin analogues and diabetes technology, only 26% of 
children attain the American Diabetes Association hemoglo-
bin A1c (HbA1c) target of 7% in 2021/2022.2 Utilization of 
continuous glucose monitor (CGM) has been shown to 
improve glycemic outcome in people living with T1D 
(PWD).3-6 Laffel et al7 demonstrated that adolescents and 
young adults randomized to CGM had a 0.4% reduction in 
HbA1c, compared with those randomized to usual care with 
glucometer (control). Alonso et al8 showed that in a single-
center retrospective study, mean HbA1c was 1.4% lower in 

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dst
mailto:lchao@chla.usc.edu


2	 Journal of Diabetes Science and Technology 00(0)

CGM users for both patients on multiple daily insulin injec-
tions and insulin pump. Real-world data from 21 253 T1D 
Exchange (T1DX) Clinic Registry participants similarly 
demonstrated that CGM use was associated with lower 
HbA1c in all age groups.3 In an observational crossover study 
of PWD, HbA1c improved when patients switched from self-
monitoring of blood glucose to CGM.9 The overwhelming 
evidence of CGM improving glycemic outcomes and reduc-
ing hypoglycemia has led to its acceptance as the standard of 
care in PWD.5,10

Despite the clear benefit of CGM use in PWD, only 45% 
of T1DX registry participants used CGM devices in 2021 to 
2022.2 Social determinants of health such as insurance cover-
age, race/ethnicity, health literacy, and familiarity with health 
technology may contribute to inequity in CGM usage.11,12 
Clinician bias and personal preference are additional barriers 
to CGM utilization.11,13,14 Even when CGM is a covered 
insurance benefit, barriers include coverage as a durable med-
ical equipment benefit instead of a pharmacy benefit, provid-
ing proof of minimum glucose checks per day, and prior 
authorizations.15,16 Public insurance tends to have more strin-
gent requirements for CGM coverage, further amplifying 
health inequity already seen in PWD with lower income.17

Whereas insurance barriers can reduce CGM access in 
PWD, it is unclear whether removal of such barriers is suf-
ficient to eliminate inequity in CGM utilization. Recently, Ni 
et al18 demonstrated that the expansion of Medicare coverage 
of CGM without minimum glucose requirement improved its 
utilization in PWD above the age of 18. It is unknown 
whether similar improvements in CGM usage occur in the 
pediatric cohort, who may have different perspectives on 
wearing a medical device than adults. Publicly insured,  
insulin-requiring children with T1D in California were able 
to access CGM if they met requirements including fear of 
hypoglycemia or permissive hyperglycemia due to fear of 
hypoglycemia, and demonstration of high motivation to use 
CGM (by submitting proof of blood glucose testing at least 3 
times per day).19 Starting January 1, 2022, CGM coverage no 
longer included these requirements for PWD. Concurrently, 
CGM prescription became available at retail pharmacies due 
to reclassification of CGM devices under pharmacy bene-
fit.20 We hypothesize that these policy changes will improve 
CGM usage for publicly insured children with T1D.

Methods

Data were extracted from the electronic medical record of a 
single-center, large urban children’s hospital in compliance 
with regulations set forth by the Children’s Hospital Los 
Angeles (CHLA) Institutional Review Board (Los Angeles, 
California). The study included patients with T1D (age ≤ 21 
years) who had at least one ambulatory appointment in the 
diabetes center at CHLA between 2021 and 2022. Continuous 
glucose monitor and insulin pump usage was determined 
based on endocrinologist documentation and/or the presence 

of CGM or insulin pump report. We limited the data query to 
PWD who were seen at least once in the diabetes clinic each 
year. For patients with more than 1 visit during a year, clini-
cal data from the most recent encounter were used. The lan-
guage field refers to the preferred language of the caregivers. 
Patient/family self-identified race and ethnicity. Race and 
ethnicity were captured as 2 separate variables. We com-
bined race and ethnicity into a single composite variable that 
better reflects Southern California’s large Latino population 
and to align with the recent updates to the Statistical Policy 
Directive No. 15: Standards for Maintaining, Collecting, and 
Presenting Federal Data on Race and Ethnicity.21,22 The orig-
inal data set had 22 race values and 3 ethnicity values. These 
were recoded following the race and ethnicity data standards 
published by the Office of Minority Health.23 After recoding, 
there were 7 unique race/ethnicity values (American Indian 
or Alaska Native [AIAN], Asian, Black or African American, 
Hispanic or Latino, Native Hawaiian or Other Pacific 
Islander [NHPI], Other, and white). Records with missing, 
unknown, or “declined to state” were collapsed into the cat-
egory of “non-conforming data.”24 It should be noted that the 
term “non-conforming data” here is descriptive and non- 
normative; it simply reflects that those variables do not con-
form to the Office of Management and Budget’s (OMB) race 
and ethnicity standards in either their original or expanded 
forms. Supplemental Table 1 shows the recoding and trans-
formation logic that was applied to the original data set.

Summary statistics were used to describe variables in our 
data set. Count and percent were used to describe categorical 
variables, and continuous variables were plotted to deter-
mine whether to use mean and standard deviation or median 
and interquartile range (IQR). HbA1c data appeared to be 
positively skewed, so we decided that median and IQR 
would give a more accurate description of our HbA1c data. 
To test for differences in HbA1c between independent groups, 
we used independent-samples Mann-Whitney U tests. To 
explore the relationship between year and CGM use, we fit 2 
separate mixed effects logistic regression models. One model 
contained year and insurance as predictors, and the second 
model contained year, insurance, race, age, and language. 
Wald tests were used for individual regression coefficients. 
In Figure 1, χ2 test was used to compare CGM usage between 
2021 and 2022. Summary statistics and analysis were created 
using R statistical software.

Results

Continuous glucose monitor data for patients with T1D were 
available for 878 and 892 patients in 2021 and 2022, respec-
tively, with 748 patients providing data in both years. As 
shown in Table 1, the mean age, sex, diabetes duration, race, 
ethnicity, and insurance status were comparable between the 
2 years. The patient cohort in 2021 was 54.0% female with a 
mean (SD) age of 14.3 (4.5) years and diabetes duration of 6.1 
(4.6) years. Our patient population is racially and ethnically 
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diverse. In 2021, 19.9% identified as white and 39.1% identi-
fied as Hispanic. Similar racial and ethnic distributions were 
observed in 2022. We serve a primarily low-income popula-
tion, with most patients receiving public insurance (57.9% in 
2021, 59.3% in 2022). The median HbA1c [IQR] for all 
patients was 7.9% [7.0%-9.1%] in 2021 and 7.8% [6.9%-
9.1%] in 2022. Patients with public insurance had higher 
HbA1c compared with those with private insurance (2021: 
8.3% [7.3%-9.9%] vs 7.5% [6.8%-8.3%], P < .001; 2022: 
8.2% [7.2%-9.7%] vs 7.2 [6.5%-8.1%], P < .001). Patients 
using CGM, irrespective of insulin regimen, had lower HbA1c 
levels compared with those not using CGM (Table 2). In 
2022, the median HbA1c [IQR] for CGM users was 7.8% 
[6.8%-9.0%] for patients receiving insulin injections and 
7.2% [6.5%-7.8%] for those using insulin pump therapy. The 
corresponding HbA1c [IQR] for non-CGM users was 9.2% 
[7.9%-10.9%] and 8.3% [7.6%-10.3%], respectively.

We next examined the usage of CGM by insurance and year. 
Between 2021 and 2022, CGM usage increased by 1.2-fold for 
the entire cohort (from 59% to 68%, respectively, P < .0001). 

The CGM uptake did not change for privately insured patients 
(84% in 2021, 83% in 2022) but rose from 41% to 58% for 
publicly insured patients (P < .0001). Despite the increase in 
2022, CGM usage rate remained lower in publicly insured 
patients compared with those with private insurance (58% vs 
83%, P < .001).

Diabetes technology inequity is well-recognized in histori-
cally marginalized race and ethnicity groups.2 Figure 1a 
shows that all non-white race/ethnicity groups experienced an 
increase in CGM usage between 2021 and 2022. Black youth 
had the lowest CGM use rate in 2021 (24%) but experienced 
the largest gain to 59% in 2022 (2.4-fold). When stratified by 
insurance types, however, the increase in CGM usage was 
only seen for Asian, black, and Hispanic, publicly insured 
patients (Figure 1b). There was no statistically significant dif-
ference in CGM usage in 2022 among privately insured 
patients (Figure 1c). The CGM usage increased among 
patients from English-speaking and non-English-speaking 
families, although the increase was more striking for the latter 
(Figure 1d).

a b

c d

Figure 1.  Continuous glucose monitor use (%) by (a) all insurance types, (b) public insurance, (c) private insurance, and (d) language. 
Numbers above the bar graph reflects fold change between 2021 and 2022. Sample size shown within each bar.
*P < .05. **P < .01. ***P < .001.
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Table 1.  Patient Characteristics.

2021 2022

N 878 892
Age in years, mean (SD) 14.3 (4.5) 14.2 (4.5)
Gender = male (%) 474 (54.0) 491 (55.0)
Diabetes duration in years, mean (SD) 6.1 (4.6) 5.9 (4.5)
Insurance (%)
  Private 370 (42.1) 361 (40.5)
  Public 508 (57.9) 529 (59.3)
  Self-pay 0 (0.0) 2 (0.2)
Race/Ethnicity (%)
  American Indian or Alaska Native 2 (0.2) 2 (0.2)
  Asian 30 (3.4) 30 (3.4)
  Black or African American 41 (4.7) 41 (4.6)
  Hispanic or Latino 343 (39.1) 354 (39.7)
  Native Hawaiian and Other Pacific Islander 1 (0.1) 1 (0.1)
  Non-conforming data 53 (6.0) 71 (8.0)
  Other 233 (26.5) 199 (22.3)
  White 175 (19.9) 194 (21.7)
Language
  English 729 (83.0) 737 (82.6)
  Non-English 149 (17.0) 155 (17.4)
HbA1c in % (median [IQR]) 7.9 [7.0-9.1] 7.8 [6.9-9.1]
Pump (%)
  No 454 (51.7) 499 (55.9)
  Yes 341 (38.8) 393 (44.1)
  No data available 83 (9.5) 0 (0.0)

Abbreviation: IQR, interquartile range.

Table 2.  Median [IQR] HbA1c (%) by CGM Usage Between 2021 and 2022.

Insulin Regimen +CGM Count −CGM Count P

MDI 2021 7.9 [7.0-8.8] 124 8.8 [7.7-11.1] 243 <.001
  2022 7.8 [6.8-9.0] 221 9.2 [7.9-10.9] 212 <.001
CSII 2021 7.4 [6.8-7.9] 219 8.2 [7.5-9.1] 37 <.001
  2022 7.2 [6.5-7.8] 276 8.3 [7.6-10.3] 34 <.001

The 25 and 75 percentiles [IQR] enclosed in brackets. Kruskal-Wallis test is used to test differences between CGM users and non-CGM users.
Abbreviations: MDI, multiple daily insulin injections, CSII, continuous subcutaneous insulin infusion (also referred to as insulin pump).

Due to the intersectionality across race/ethnicity, insur-
ance status, and language, we next performed logistic 
regression analysis to identify variables that contribute to 
CGM usage. However, a significant proportion of this study 
cohort had either missing race and ethnicity data (8.6%) or 
self-selected “other” race (23.7%) (Supplemental Table 1). 
To avoid discarding the data of patients with unknown race/
ethnicity data, we decided to generate 2 mixed effects logis-
tic regression models: one model using the full data set and 
a second model including only data from patients with race/
ethnicity data. The first model used fixed effects for year 
(2021 or 2022) and insurance status (public or private). 
Table 3 shows that the adjusted odds of a patient being on 

CGM in 2022 were 2.86 times higher compared with 2021. 
Publicly insured patients were 0.13 times as likely to use 
CGM as privately insured patients. In the second regression 
model, the fixed effects included year, insurance status, lan-
guage, age, and race/ethnicity. For race/ethnicity, we 
included Asian, black, Hispanic, and white race categories 
as these were the only ones with a significantly sized sam-
ple. In this model, we similarly observed that CGM use 
positively correlated with the year 2022 (compared with 
2021; odds ratio = 3.16) and negatively correlated with 
public insurance (odds ratio = 0.23) (Table 4). In addition, 
age negatively correlated with CGM use (odds ratio = 
0.88). Assuming all other variables remain the same, a 
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patient from our sample who is 1 year older has 12% lower 
odds (or 88% the odds) of using CGM. This suggests that 
older patients are less likely to use CGM, compared with 
younger patients. The regression model also showed that 
patients with English-speaking families were 2.26 times 
more likely to use CGM. Finally, a statistically significant 
odds ratio was only seen for black (0.24), but not Asian or 
Hispanic race categories. This mixed effects logistic regres-
sion model not only highlights CGM use improvement in 
2022, but also shows that usage was higher for patients with 
English-speaking families and lower for patients who were 
older, publicly insured, or black race.

Discussion

Health insurance coverage of CGM is essential in improving 
CGM access for PWD. We examined the impact of California 
Medicaid rule change on CGM utilization for PWD younger 
than the age of 22 in an urban pediatric diabetes center. 
Between 2021 and 2022, CGM uptake did not change among 
privately insured patients, but increased by 17% in publicly 
insured PWD. After controlling for age, race, language, and 
insurance, the mixed effects logistic regression model iden-
tified 3.16-fold higher odds of CGM usage between 2021 
and 2022. This model showed no statistically significant 

difference in CGM usage in Hispanic or Asian patients, when 
adjusted for age, year, language, and insurance. However, a 
disparity in CGM usage persists for black PWD despite con-
trolling for confounders in other pediatric and adult 
settings.25,26

Our findings suggest that disparity in CGM use in histori-
cally marginalized races is partly attributable to the health 
insurance status. Insurance policies that reduce barriers to 
CGM access have the potential to mitigate diabetes device 
disparity and health outcomes. We did not identify Hispanic 
race/ethnicity as a variable of CGM use in the regression 
model (odds ratio = 0.57, P = .155). One explanation may 
be the relatively small sample size of this single-center study. 
However, even with a small sample size, this study did show 
reduced CGM use in black patients. This finding aligns with 
prior reports demonstrating persistent 30% lower CGM use 
among black PWD.2 One would need to consider the role of 
structural racism and mistrust of health care providers/sys-
tems in adaptation of CGM in non-white patients.

Clinicians may also contribute to CGM usage barriers 
through implicit bias. In a study of 109 diabetes providers in 
the United States, when presented with clinical vignettes, 
61% exhibited insurance-mediated bias and 34% exhibited 
racial-ethnic bias (with 89% of the latter stating that they 
could recognize their own implicit bias).27 Standardizing 

Table 3.  Effect of Insurance Policy Change on CGM Use.

Odds ratio 95% CI for odds ratio Log-odds z value P

(Intercept) 1.85 1.10-3.12 0.62 2.31 .021
Year [2022] 2.86 1.88-4.35 1.05 4.89 <.001
Insurance [public] 0.13 0.07-0.27 −2.01 −5.57 <.001

Mixed effects logistic regression model with outcome variable of CGM use (coded as yes or no), fixed effects for year (2021 or 2022), and public 
insurance indicator and random intercepts for repeated measures. In total, 953 observations from 603 patients were included for analysis. Marginal R2/
Conditional R2 = .131/.595.

Table 4.  Variables Associated With CGM Use.

Odds ratio 95% CI for odds ratio Log-odds z value P

(Intercept) 6.05   1.67-21.98 1.8 2.74 .006
Year [2022] 3.16 1.91-5.22 1.15 4.49 <.001
Insurance [public] 0.23 0.11-0.52 −1.45 −3.59 <.001
Language [English] 2.26 1.14-4.48 0.81 2.33 .02
Age in years 0.88 0.82-0.94 −0.13 −3.65 <.001
Race/Ethnicity
  Asian 1.81 0.42-7.80 0.59 0.79 .427
  BAA 0.24 0.07-0.80 −1.43 −2.32 .02
  Hispanic 0.57 0.26-1.24 −0.56 −1.42 .155

Mixed effects logistic regression model with outcome variable of CGM use (coded as yes or no), fixed effects for year (2021 or 2022), public insurance 
indicator, English as preferred language indicator, age in years, and race and random intercepts for repeated measures. White is chosen as the baseline 
race and only patients categorized as white, Asian, black or African American (BAA) or Hispanic were included in this model because these were the only 
known race categories with a significantly sized sample. In total, 699 observations from 433 patients were included for analysis. Marginal R2/Conditional R2 
= .216/.610.
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clinic practice by prescribing CGM to all PWD, adhering to 
the recommendation of the American Diabetes Association 
of initiating CGM at or shortly after diagnosis may reduce 
impact of clinician implicit bias.28 Equity strategies focused 
on improved CGM access may include redesign of care 
delivery to remove structural barriers to CGM prescribing 
and implementation of communication tools with active 
PWD/caregiver engagement.29-31

Our findings provide the first evidence that the change in 
insurance coverage of CGM in California improved CGM 
access for publicly insured children and young adult. Despite 
the increased accessibility, CGM usage in publicly insured 
patients trails behind those with private insurance. Insurance 
prior authorizations are routinely needed for CGM dispensa-
tion.22 Socioeconomically deprived families or PWD/care-
givers with limited health literacy may not have the resources 
or recognize the need to follow up with pharmacies and pre-
scribers, which further impedes CGM access. We advocate 
for eliminating prior authorization for CGM prescriptions for 
all PWD to eliminate burdensome paperwork for prescribers’ 
office and Medicaid staff, which would help to narrow the 
gap in diabetes care due to insurance coverage.

Many of the barriers described above are worsened in 
families with limited English proficiency.32 Analysis from 
this study showed that patients with non-English-speaking 
family have lower CGM usage, corroborating findings from 
others.33 Language barriers at clinical visits may limit CGM 
access if PWD and caregivers are not able to communicate 
with the health care team in their preferred language. They 
may also have less familiarity using and troubleshooting dia-
betes technology, especially if there is no one in the team or 
vendor representative that speaks their native language.

Additional barriers identified by PWD include site dis-
comfort, past device inaccuracy, adhesive failure, and having 
a device on the body as additional barriers of CGM use.34,35 
Families with lower health literacy may not understand 
expected differences between sensor and blood glucose lev-
els and therefore question CGM accuracy. Similar reasons 
have also been endorsed by adolescents, an age group with 
lower CGM utilization rate but highest HbA1c level.25,36,37 
Patient-centered approaches are needed to understand each 
PWD’s rationale for declining CGM use. Sharing strategies 
addressing those barriers may improve CGM uptake. 
Clinicians also need to consider the role of social stigma that 
a PWD may experience from wearing a CGM (or other 
devices) and drawing unwanted attention when it alarms. 
Supporting the PWD by developing a strategy with the PWD 
on how to comfortably wear the device may increase consis-
tent CGM use.38

The major strength of this work is the inclusion of a 
diverse cohort of pediatric PWD with different insurance 
coverage, to enable us to evaluate the role of public insur-
ance policy change on CGM uptake. Inherent in a retrospec-
tive analysis is the limitation in determining causality. It is 
also unknown, the relative contribution of eliminating 

minimum blood glucose checks and the availability of CGM 
under pharmacy benefit to the increased CGM usage we 
observed in publicly insured patients in 2022. Furthermore, 
there was significant missing race/ethnicity data, which 
could influence the regression analysis if the missing was not 
random. Between 2020 and 2022, our institution expanded 
the number of options available to patients when self-report-
ing race and ethnicity. If a patient was not asked to update 
their race and ethnicity information during their visit, then 
both their race and ethnicity was recorded as “unknown.” 
This resulted in 32.3% (n = 330) of patients with essentially 
missing data in our analysis. Another limitation of this study 
is the small sample size for certain race categories (Asian, 
black, AIAN, and NHPI), precluding generalizability of our 
finding. Finally, because CGM use was dichotomized (yes or 
no), we are unable to discern the frequency and reason for 
suboptimal CGM wear (eg, unable to obtain sensor refill, 
sensor falling off early, or faulty sensor).

An important next step in advancing the care of PWD is 
advocacy that maximizes the therapeutic benefits of CGM. 
Clinical trials and real-world data have shown that auto-
mated insulin delivery (AID) systems lower HbA1c, improve 
time-in-range, and reduce diabetes burden in both children 
and adults, irrespective of insurance types.28 Although 
Medicaid provides coverage of AID systems, current require-
ments (a low C-peptide level, HbA1c >7%, and diabetes 
diagnosis of at least 6 months) are additional barriers that 
limit PWD access to diabetes technology.39 Such policies 
should be amended using existing evidence, to remove these 
requirements and reduce diabetes technology inequity. An 
additional opportunity to capitalize on the benefits of CGM 
is the development of a uniform integration of CGM device 
data into electronic monitoring system. This facilitates health 
care systems to evaluate the health benefit of specific diabe-
tes treatments in their patient populations. It would also 
expand the feasibility of remote monitoring and the develop-
ment of alert systems for case management when CGM-
monitored glucometrics reach a high-risk threshold.

Conclusion

In summary, this analysis of CGM usage in children with 
T1D provides evidence that minimizing barriers to obtain 
CGM is accompanied by increased CGM usage. Similar pol-
icy change should be adopted by all insurances to improve 
the health of PWD.

Abbreviations

AIAN, American Indian or Alaska Native; CGM, continuous glu-
cose monitor; CHLA, Children’s Hospital Los Angeles; CI, confi-
dence interval; CSII, continuous subcutaneous insulin infusion; 
HbA1c, hemoglobin A1c; MDI, multiple daily insulin; NHPI, Native 
Hawaiian and Pacific Islander; OMB, Office of Management and 
Budget; PWD, people living with T1D; T1D, type 1 diabetes; 
T1DX, T1D Exchange.
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