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Background: American Indian and Alaskan Native (AI/AN) 
populations have the highest prevalence of type 2 diabetes 
mellitus (T2DM) in the United States. Continuous glucose 
monitors (CGMs) have revolutionized diabetes management, 
but their impact on AI/AN individuals with T2DM who are not 
insulin dependent remains understudied. 
Methods: A retrospective observational study was conducted 
using deidentified electronic health records from an outpatient 
Indian Health Service clinic between 2019 and 2024. Ninety-
three AI/AN patients with non–insulin-dependent T2DM who 
used CGMs for ≥ 1 year were included. Hemoglobin A1c 
(HbA1c), blood pressure (BP), weight, low-density lipoprotein 
cholesterol, and estimated glomerular filtration rate were 
compared at baseline and 1 year after CGM initiation without 
a control group. 

Results: The mean age of participants was 55 years and 60% 
were female. Mean (SD) HbA1c significantly decreased from 
9.5% (2.4%) at baseline to 7.6% (2.2%) at 1 year (95% CI, 
-2.35 to -1.37; P < .001, paired t test). Higher baseline HbA1c 
was associated with greater HbA1c reduction over 1 year  
(β = -0.576; P < .001, linear regression), explaining 34.6% of 
the variance in change. Mean (SD) systolic BP decreased by 
4.9 (17) mm Hg (95% CI, -8.6 to -1.1; P = .01, paired t test), 
but diastolic BP and other variables showed no significant 
changes.
Conclusions: CGM use in an AI/AN population was significantly 
associated with improved glycemic control in patients with non–
insulin-dependent T2DM. The effect was more pronounced in 
patients with higher baseline HbA1c levels, suggesting CGMs 
could be beneficial for patients at greatest risk. 
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Diabetes mellitus (DM) is a national health 
crisis affecting > 38 million people 
(11.6%) in the United States.1 American 

Indian and Alaska Native (AI/AN) adults are 
disproportionately affected, with a prevalence 
of 14.5%—the highest among all racial and 
ethnic groups.1 Type 2 DM (T2DM) accounts 
for 90% to 95% of all DM cases and is a lead-
ing cause of morbidity and mortality due to its 
association with cardiovascular disease, kid-
ney failure, and other complications.2

Maintaining glycemic control is important 
for managing T2DM and preventing micro-
vascular and macrovascular complications.3 
The cornerstone of diabetes self-management 
has been patient self-monitored blood glu-
cose (SMBG) using finger-stick glucometers.4 
However, SMBG provides measurements from 
a single point in time and requires frequent, 
painful, and inconvenient finger pricks, lead-
ing to decreased adherence.5,6 These limita-
tions negatively affect patient engagement 
and overall glycemic control.7

Continuous glucose monitors (CGMs) offer 
real-time, continuous glucose readings and 
trends.8 CGMs improve glycemic control and re-
duce hypoglycemic episodes in patients who are 
insulin-dependent.9,10 Flash glucose monitors, 
a type of CGM that requires scanning to obtain 
glucose readings, provide similar benefits.11 De-
spite these demonstrated advantages, research 

has primarily focused on insulin-dependent pop-
ulations, leaving a significant gap in understand-
ing the effect of CGMs on patients with T2DM 
who are not insulin-dependent.12

Given the high prevalence of T2DM among 
AI/AN populations and the potential benefits 
of CGMs, this study sought to evaluate the ef-
fect of CGM use on glycemic control and other 
health metrics in patients with non–insulin-de-
pendent T2DM in an AI/AN population. This 
focus addresses a critical knowledge gap and 
may inform clinical practices and policies to 
improve diabetes management in this high-
risk group.

METHODS
A retrospective observational study was con-
ducted using deidentified electronic health re-
cords (EHRs) from 2019 to 2024 at a federally 
operated outpatient Indian Health Service (IHS) 
clinic serving an AI/AN population in the IHS 
Portland Area (Oregon, Washington, Idaho). The 
study protocol was reviewed and deemed ex-
empt by institutional review boards at Washing-
ton State University and the Portland Area IHS. 

Study Population
This study included patients diagnosed with 
non–insulin-dependent T2DM, had used a 
CGM for ≥ 1 year, and had hemoglobin A1c 
(HbA1c) measurements within 4 months prior to 
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CGM initiation (baseline) and within ± 4 months 
after 1 year of CGM use. For other health met-
rics, including blood pressure (BP), weight, low-
density lipoprotein cholesterol (LDL-C), and 
estimated glomerular filtration rate (eGFR), this 
study required measurements within 6 months 
before CGM initiation and within 6 months after 
1 year of CGM use. The baseline HbA1c in the 
dataset ranged from 5.3% to > 14%.

Patients were excluded if they used insulin 
during the study period, had incomplete lab-
oratory or clinical data for the required time 
frame, or had < 1 year of CGM use. The data-
set did not include detailed information on oral 
DM medications; thus, we could not report or 
account for the type or number of oral hypo-
glycemic agents used by the patients. The IHS 
clinical applications coordinator compiled the 
dataset from the EHR, identifying patients who 
were prescribed and received a CGM at the 
clinic. All patients used the Abbott Freestyle 
Libre CGM, the only formulary CGM available 
at the clinic during the study period.

A 1-year follow-up endpoint was se-
lected for several reasons: (1) to capture po-
tential seasonal variations in diet and activity;  
(2) to align with the clinic’s standard practice 
of annual comprehensive diabetes evalua-
tions; and (3) to allow sufficient time for pa-
tients to adapt to CGM use and reflect any 
meaningful changes in glycemic control.

All patients received standard DM care ac-
cording to clinic protocols, which included DM 
self-management education and training. Pa-
tients met with the diabetes educator at least 
once, during which the educator emphasized 
making informed decisions using CGM data, 
such as adjusting dietary choices and physical 
activity levels to manage blood glucose con-
centrations effectively.

A total of 302 patients were initially identi-
fied. After applying exclusion criteria, 132 were 

excluded due to insulin use, and 77 were ex-
cluded due to incomplete HbA1c data within 
the specified time frames (Figure 1). The final 
sample included 93 patients. 

Measures
The primary outcome was the change in HbA1c 
levels from baseline to 1 year after CGM initi-
ation. Secondary outcomes included changes 
in weight, systolic and diastolic BP, LDL-C 
concentrations, and eGFR. For the primary 
outcome, HbA1c values were collected within a 
grace period of ± 4 months from the baseline 
and 1-year time points. The laboratory’s upper 
reporting limit for HbA1c was 14%; values re-
ported as “> 14%” were recorded as 14.1% 
for data analysis, although the actual values 
could have been higher.

For secondary outcomes, data were in-
cluded if measurements were obtained within 
± 6 months of the baseline and 1-year time 
points. Patients who did not have measure-
ments within these time frames for specific 
metrics were excluded from secondary out-
come analysis but remained in the overall 
study if they met the criteria for HbA1c and 
CGM use.

Statistical Analysis
Statistical analysis was performed using R sta-
tistical software version 4.4.2. Paired t tests were 
conducted to compare baseline and 1-year fol-
low-up measurements for variables with para-
metric distributions. Wilcoxon signed-rank test 
was used for nonparametric data. A linear re-
gression analysis was conducted to examine 
the relationship between baseline HbA1c levels 
and the change in HbA1c after 1 year of CGM 
use. Differences were considered significant at 
P < .05 set a priori. To guide future research, a 
posthoc power analysis was performed using 
Cohen’s d to estimate the required sample sizes 

132 Excluded due to insulin treatment

93 Patients with 
HbA1c data

84 Patients with 
 blood pressure data

89 Patients with 
weight data

44 Patients with  
LDL-C data 

58 Patients with  
eGFR data

302 Total patients 

170 Patients

FIGURE 1. Patients included to determine effect of continuous glucose monitoring on glycemic control.
Abbreviations: eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol.
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for detecting significant effects, assuming a sim-
ilar population.

RESULTS
The study included 93 patients, with a mean 
(SD) age of 55 (13) years (range, 29-83 years). Of 
the participants, 56 were female (60%) and 37 
were male (40%). All participants were identified 
as AI/AN and had non–insulin-dependent T2DM. 

Primary Outcomes
A significant reduction in HbA1c levels was ob-
served after 1 year of CGM use. The mean (SD) 
baseline HbA1c was 9.5% (2.4%), which de-
creased to 7.6% (2.2%) at 1-year follow-up 
(Table 1). This difference represents a mean 
change of -1.86% (2.4%) (95% CI, -2.35 to 
-1.37; P < .001 [paired t test, -7.53]). 

A linear regression model evaluated the rela-
tionship between baseline HbA1c (predictor) and 
the change in HbA1c after 1 year (outcome). The 
change in HbA1c was calculated as the difference 
between 1-year follow-up and baseline values. 
The regression model revealed a significant neg-
ative association between baseline HbA1c and 
the change in HbA1c (β = -0.576; P < .001), indi-
cating that higher baseline HbA1c values were as-
sociated with greater reductions in HbA1c over 
the year. The regression equation was: 

Change in HbA1c = 3.587 – 0.576 × Baseline HbA1c

The regression coefficient for baseline HbA1c 
was -0.576 (standard error, 0.083; t = -6.931;  
P < .001), indicating that for each 1% increase 
in baseline HbA1c, the reduction of HbA1c after  
1 year increased by approximately 0.576% (Fig-
ure 2). The model explained 34.6% of the variance 
in HbA1c change (R2 = .345; adjusted R2 = .338). 

Secondary Outcomes
Systolic BP decreased by a mean (SD) -4.9 (17) 
mm Hg; 95% CI, -8.6 to -1.11; P = .01, paired 
t test). However, no significant change was ob-
served for diastolic BP (P = .77, paired t test). 
Similarly, no significant changes were observed 
in weight, LDL-C concentrations, or eGFR after 
1 year of CGM use. A posthoc power analy-
sis indicated that the study was underpowered 
to detect smaller effect sizes in secondary out-
comes. For example, sample size estimates in-
dicated that detecting significant changes in 
weight and LDL-C concentrations would re-
quire sample sizes of 152 and 220 patients, re-
spectively (Table 2). 

DISCUSSION
This study found a clinically significant reduc-
tion in HbA1c levels after 1 year among AI/AN 
patients with non–insulin-dependent T2DM 
who used CGMs. The mean HbA1c decreased 
1.9%, from 9.5% at baseline to 7.6% after 
1 year. This reduction is not only statistically 
significant (P < .001), it is clinically meaning-
ful—even a 1% decrease in HbA1c is associ-
ated with substantial reductions in the risk of 
microvascular complications.3 The magnitude 
of the HbA1c reduction observed suggests 
CGM use may be associated with improved 
glycemic control in this high-risk population. 
By achieving lower HbA1c levels, patients may 
experience improved long-term health out-
comes and a reduced burden of DM-related 
complications. 

Changes in oral DM medications during the 
study period may have contributed to the ob-
served improvements in HbA1c levels. While 
the dataset lacked detailed information on 
types or dosages of oral hypoglycemic agents 

TABLE 1. Summary of Clinical Outcomes at Baseline and After 1 Year of CGM Use

Variable No.
Baseline, 

mean (SD)
1 y after CGM, 

mean (SD)
Difference, 
mean (SD) Statistic test P value (95% CI)

Hemoglobin A1c, % 93 9.45 (2.43) 7.59 (2.18) -1.86 (2.38) t test (-7.53) < .001 (-2.35 to -1.37)

Weight, lb 89 228.6 (62.5) 225.5 (63.6) -3.14 (13.7) Wilcoxon signed-rank 
test (1526.0)

.07 (-4.9 to 0.2)

Systolic BP, mm Hg 84 135.63 (18.13) 130.77 (17.28) -4.86 (17.27) t test (-2.58) .01 (-8.60 to -1.11)

Diastolic BP, mm Hg 84 81.48 (8.64) 81.20 (9.88) -0.27 (8.37) t test (-0.30) .77 (-2.09 to 1.54)

eGFR, mL/min/1.73 m² 58 78.93 (26.84) 77.77 (27.04) -1.16 (14.49) t test (-0.61) .55 (-4.97 to 2.65)

LDL-C, mg/dL 44 88.70 (34.38) 81.91 (35.58) -6.80 (35.79) t test (-1.26) .22 (-17.68 to 4.09)

Abbreviations: BP, blood pressure; CGM, continuous glucose monitoring; eGFR, estimated glomerular filtration rate; LDL-C,  
low-density lipoprotein cholesterol.
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used, adjustments in medication regimens are 
common in DM management and could sig-
nificantly affect glycemic control. The inability 
to account for these changes results in an in-
ability to attribute the improvements in HbA1c 
solely to CGM use. Future studies should  
collect comprehensive medication data to bet-
ter isolate the effects of CGM use from other 
treatment modifications.

Another factor that may have contrib-
uted to the improved glycemic control is the 
DM self-management education and train-
ing patients received as part of standard 
care. Patients met with diabetes educators 
at least once and learned how to use the 
CGM device and interpret the data for self-
management decisions. This education may 
have enhanced patient engagement and 
empowerment, enabling them to make in-
formed choices about diet, physical activ-
ity, and medication adherence. Studies have 
shown that DM self-management education 
can significantly improve glycemic control 
and patient outcomes.13 By combining the 
CGM technology with targeted education, 
patients may have been better equipped to 
manage their condition, contributing to the 
observed reduction in HbA1c levels. Future 
studies should consider synergistic effects 
of CGM use and DM education when evalu-
ating interventions for glycemic control.

The significant reduction in HbA1c indicates 
CGM use is associated with improved glyce-
mic control in non–insulin-dependent T2DM. 
The linear regression analysis suggests pa-
tients with poorer glycemic control at base-
line experienced greater reductions in HbA1c 
over the course of 1 year. This finding aligns 
with previous studies that have shown greater 
HbA1c reductions in patients with higher ini-
tial levels when using CGMs. Yaron et al re-
ported similar findings: higher baseline HbA1c 
levels predicted more substantial improve-
ments with CGM use in patients with T2DM on 
insulin therapy.14

This study contributes to existing research 
by examining the association between CGM 
use and glycemic control in patients with non–
insulin-dependent T2DM within an AI/AN popu-
lation, a group that has been underreported in 
previous studies. Most prior research has fo-
cused on insulin-dependent patients or popu-
lations with different ethnic backgrounds.12 By 
focusing on patients with non–insulin-depen-
dent T2DM, this study highlights the broader 
applicability of CGMs beyond traditional use, 
showcasing their potential association with 

benefits in earlier stages of DM management. 
Targeting the AI/AN population addresses 
a critical knowledge gap, given the dispro-
portionately high prevalence of T2DM and 
associated complications in this group. The 
findings of this study suggest integrating 
CGM technology into the standard care of 
AI/AN patients with non–insulin-dependent 
T2DM may be associated with improved gly-
cemic control and may help reduce health 
disparities. 

The modest decrease in systolic BP observed 
in this study may indicate potential cardiovascu-
lar benefits associated with CGM use, possibly 
due to improved glycemic control and increased 
patient engagement in self-management. How-
ever, given the limited sample size and exclu-
sion criteria, the study lacked sufficient power 
to detect significant associations between CGM 
use and other secondary outcomes such as BP, 
weight, LDL-C, and eGFR. Therefore, the sig-
nificant finding with systolic BP should be inter-
preted with caution. 

The lack of significant changes in secondary 
outcomes may be attributed to the study’s lim-
ited sample size and the relatively short dura-
tion for observing changes in these parameters. 
Larger studies are needed to assess the full im-
pact of CGM on these variables. The required 
sample sizes for achieving adequate power in 
future studies were calculated, highlighting the 
utility of our study as a pilot, providing critical 
data for the design of larger, adequately powered 
studies. 

Limitations
The retrospective design of this study lim-
its causal inferences. Moreover, potential  

FIGURE 2. Impact of baseline level on the reduction in hemoglobin A1c.
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confounding variables were not controlled, 
such as changes in medication regimens 
(other than insulin use), dietary counseling, 
or physical activity. Additionally, we could 
not account for the type or number of oral 
DM medications prescribed to patients. The 
dataset included only information on insulin 
use, without detailed records of other antidi-
abetic medications. This limitation may have 
influenced the observed change in glycemic 
control, as variations in medication regimens 
could affect HbA1c levels. 

Because this study lacked a comparator 
group, the effect of CGM use cannot be de-
finitively isolated from other factors (eg, med-
ication changes, dietary modifications, or 
physical activity). Moreover, CGM devices can 
be costly and are not universally covered by 
all insurance or IHS programs, potentially lim-
iting widespread implementation. Policy-level 
restrictions and patient-specific barriers may 
also hinder feasibility in other settings.

The small sample size may limit the gener-
alizability of the findings. Of the initial 302 pa-
tients, about 69% were excluded due to insulin 
use or incomplete laboratory data. A ± 4-month 
window was selected to balance data quality 
with real-world practices. Extending this win-
dow further (eg, ± 6 months) might have in-
cluded more participants but risked diluting the 
1-year endpoint consistency. The lack of sta-
tistical significance in secondary metrics may 
be due to insufficient power rather than the ab-
sence of an effect.

Exclusion of patients due to incomplete 
data may have introduced selection bias. How-
ever, patients were included in the overall anal-
ysis if they met the criteria for HbA1c and CGM 
use, even if they lacked data for secondary 
outcomes. Additionally, the laboratory’s upper 

reporting limit for HbA1c was 14%, with values 
above this reported as “> 14%.” For analysis, 
these were recorded as 14.1%, which may un-
derestimate the true baseline HbA1c levels and 
impact of the assessment of change. This oc-
curred for 4 of the 93 patients included. 

All patients used the Freestyle Libre CGM, 
which may limit the generalizability of the find-
ings to other CGM brands or models. Differ-
ences in device features, accuracy, scanning 
frequency, and user experience may influence 
outcomes, and results might differ with other 
CGM technologies. The dataset did not in-
clude patients’ scanning frequency because 
this metric was not consistently included in 
the EHRs.

CONCLUSIONS 
This study found that CGM use was signif-
icantly associated with improved glycemic 
control in patients with non–insulin-dependent 
T2DM within an AI/AN population, particularly 
among patients with higher baseline HbA1c 
levels. The findings suggest that CGMs may 
be a valuable tool for managing T2DM beyond 
insulin-dependent populations. 

Additional research with larger sample sizes, 
control groups, and extended follow-up peri-
ods is recommended to explore long-term ben-
efits and impacts on other health metrics. The 
sample size estimates derived from this study 
serve as a valuable resource for researchers 
designing future studies aimed at addressing 
these gaps. Future research that expands on 
our findings by including larger, more diverse 
cohorts, accounting for medication use, and 
exploring different CGM technologies will en-
hance understanding and contribute to more 
effective diabetes management strategies for 
varied populations. 

TABLE 2. Power Analysis and Sample Sizes Estimates for Future Studies of Key 
Clinical Outcomes

Variable Effect size (Cohen d) Desired power Required sample size

Hemoglobin A1c, % -0.781 0.8 15

Body weight, lb -0.229 0.8 152

Systolic BP, mm Hg -0.281 0.8 102

Diastolic BP, mm Hg -0.033 0.8 7210

LDL-C, mg /dL -0.190 0.8 220

eGFR, mL/min/1.73 m2 -0.080 0.8 1229

Abbreviations: BP, blood pressure; eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol.
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