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Background: Patients with diabetes have traditionally been 
required to use fingerstick testing to self-monitor their glucose 
levels. However, continuous glucose monitors (CGMs) collect 
glucose readings throughout the day and display daily trends, 
which allow clinicians to individualize treatment to achieve 
hemoglobin A1c (HbA1c) goals and simplify medication regimens. 
While studies have shown that CGMs improve HbA1c levels 
compared to fingerstick testing, this research has focused on type 
1 diabetes and excluded veterans and patients on insulin therapy. 
Methods: This retrospective chart review used a crossover, self-
controlled design conducted at the Veterans Affairs Sioux Falls 
Health Care System. Veterans with an active CGM prescription 
were included. The primary endpoint compared the change in 
HbA1c before and after initiation of a CGM.
Results: The mean baseline HbA1c for the 150 veterans 

included in this study was 8.6%. The change in HbA1c before 
CGM use was 0.003 and change in HbA1c after CGM use was 
−0.971. The primary endpoint of difference in HbA1c associated 
with CGM use was −0.969 (P = .0001). The overall mean 
change in total daily doses of insulin was −22 units. Subgroup 
analysis of change in HbA1c after CGM use by prescriber type 
was −0.97 for endocrinology, −0.7 for pharmacy, and −1.23 
for primary care practitioners. The overall average HbA1c post-
CGM use was similar across all prescriber types at 7.64%. 
Conclusions: This study found veterans with type 2 diabetes 
and on insulin therapy demonstrated a significant reduction in 
HbA1c with CGM use compared with their baseline fingerstick 
monitoring. Use of a CGM may be beneficial in patients who 
require a reduction in HbA1c by allowing more precise adjustments 
to medications to optimize therapy.
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In the United States, 1 in 4 veterans lives 
with type 2 diabetes mellitus (T2DM), 
double the rate of the general popula-

tion.1 Medications are important for the 
treatment of T2DM and preventing com-
plications that may develop if not properly 
managed. Common classes of medications 
for diabetes include biguanides, sodium-
glucose cotransporter-2 (SGLT-2) inhibitors, 
glucagon-like peptide-1 (GLP-1) receptor 
agonists, dipeptidyl peptidase-4 inhibitors, 
thiazolidinediones, sulfonylureas, and insu-
lin. The selection of treatment depends on 
patient-specific factors including hemoglobin 
A1c (HbA1c) goal, potential effects on weight, 
risk of hypoglycemia, and comorbidities such 
as atherosclerotic cardiovascular disease, 
heart failure, or chronic kidney disease.2

HbA1c level reflects the mean blood glucose 
over the previous 3 months and serves as an in-
dication of diabetes control. In patients with dia-
betes, it is recommended that HbA1c is checked 
≥ 2 times annually for those meeting treatment 
goals, or more often if the patient needs to ad-
just medications to reach their HbA1c goal. The 
goal HbA1c level for most adults with diabetes 
is < 7%.3 This target can be adjusted based on 
age, comorbidities, or other patient factors. It is 
generally recommended that frequent glucose 

monitoring is not needed for patients with T2DM 
who are only taking oral agents and/or noninsu-
lin injectables. However, for those on insulin reg-
imens, it is advised to monitor glucose closely, 
with even more frequent testing for those with an 
intensive insulin regimen.3 

Most patients with diabetes use finger-
stick testing to self-monitor their blood glu-
cose. However, continuous glucose monitors 
(CGMs) are becoming widely available and 
offer a solution to those who do not have the 
ability to check their glucose multiple times 
a day and throughout the night. The Ameri-
can Diabetes Association recommends that 
the frequency and timing of blood glucose 
monitoring, or the consideration of CGM use, 
should be based on the specific needs and 
goals of each patient.3 Guidelines also en-
courage those on intensive insulin regimens 
to check glucose levels when fasting, before 
and after meals, prior to exercise, and when 
hypoglycemia or hyperglycemia is suspected. 
Frequent testing can become a burden for pa-
tients, whereas once a CGM sensor is placed, 
it can be worn for 10 to 14 days. CGMs are 
also capable of transmitting glucose readings 
every 1 to 15 minutes to a receiver or mobile 
phone, allowing for further adaptability to a 
patient’s lifestyle.3
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CGMs work by measuring the interstitial 
glucose with a small filament sensor and have 
demonstrated accuracy when compared to 
blood glucose readings. The ability of a CGM 
to accurately reflect HbA1c levels is a potential 
benefit, reducing the need for frequent testing 
to determine whether patients have achieved 
glycemic control.4 Another benefit of a CGM is 
the ease of sharing data; patient accounts can 
be linked with a health care site, allowing cli-
nicians to access glucose data even if the pa-
tient is not able to be seen in clinic. This allows 
health care practitioners (HCPs) to more effi-
ciently tailor medications and optimize regi-
mens based on patient-specific data that was 
not available by fingerstick testing alone.

Vigersky and colleagues provided one of the 
few studies on the long-term effects of CGM in 
patients managing T2DM through diet and ex-
ercise alone, oral medications, or basal insu-
lin and found significant improvement in HbA1c 
after only 3 months of CGM use.5

An important aspect of CGM use is the abil-
ity to alert the patient to low blood glucose 

readings, which can be dangerous for those un-
aware of hypoglycemia. Many studies have in-
vestigated the association between CGM use 
and acute metabolic events, demonstrating the 
potential for CGMs to prevent these emergen-
cies. Karter and colleagues found a reduction 
in emergency department visits and hospitaliza-
tions for hypoglycemia associated with the use 
of CGMs in patients with type 1 DM (T1DM) and 
T2DM.6 

There have been few studies on the use 
of CGM in veterans. Langford and colleagues 
found a reduction of HbA1c among veterans 
with T2DM using CGMs. However, > 50% of 
the patients in the study were not receiving in-
sulin therapy, which currently is a US Depart-
ment of Veterans Affairs (VA) CGM criteria for 
use.7 While current studies provide evidence 
that supports improvement in HbA1c levels with 
the use of CGMs, data are lacking for veterans 
with T2DM taking insulin. There is also minimal 
research that indicates which patients should 
be offered a CGM. The objective of this study 
was to evaluate glycemic control in veterans 
with T2DM on insulin using a CGM who were 
previously monitoring blood glucose with fin-
gerstick testing. Secondary endpoints were ex-
plored to identify subgroups that may benefit 
from a CGM and other potential advantages of 
CGMs.

METHODS
This was a retrospective study of veterans who 
transitioned from fingerstick testing to CGM 
for glucose monitoring. Each veteran served 
as their own control to limit confounding vari-
ables when comparing HbA1c levels. Veterans 
with an active or suspended CGM order were 
identified by reviewing outpatient prescription 
data. All data collection and analysis were done 
within the Veterans Affairs Sioux Falls Health 
Care System. 

The primary objective of this study was to 

FIGURE 1. Timeline of HbA1c Testing

Abbreviations: CGM, continuous glucose monitor; HbA1c, hemoglobin A1c. 

HbA1c result ≥ 1 y prior  
to CGM start

CGM
start

Most recent HbA1c result  
to data collection

HbA1c result 3 mo before to  
1 mo after CGM start
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TABLE 1. Baseline Characteristics (N = 150) 

Characteristic Results

Age, mean (SD), y 69.5 (9.7)

Sex, No. (%)
  Male 
  Female

 
142 (94.7) 

8 (5.3)

Race, White, No. (%) 134 (89.3)

Medications, No. (%)
  Insulin 
  Sodium-glucose cotransporter  
    2-inhibitors 
  Glucagon-like peptide-1 inhibitors 
  Biguanides 
  Dipeptidyl peptidase-4 inhibitors 
  Thiazolidinediones 
  Sulfonylureas

150 (100) 
 

28 (18.7) 
17 (11.3) 
70 (46.7) 
11 (7.3) 
6 (4.0) 
4 (2.7)
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assess glycemic control from the use of a CGM 
by evaluating the change in HbA1c after tran-
sitioning to a CGM compared to the change 
in HbA1c with standard fingerstick monitoring. 
Three HbA1c values were collected for each vet-
eran: before starting CGM, at initiation, and fol-
lowing CGM initiation (Figure 1). CGM start date 
was the date the CGM prescription order was 
placed. The pre-CGM HbA1c level was ≥ 1 year 
prior to the CGM start date or the HbA1c closest 
to 1 year. The start CGM HbA1c level was within 
3 months before or 1 month after the CGM 
start date. The post-CGM HbA1c level was the 
most recent time of data collection and at least 
6 months after CGM initiation. The change in 
HbA1c from fingerstick glucose monitoring was 
the difference between the pre-CGM and start 
CGM values. The change in HbA1c from use of 
a CGM was the difference between start CGM 
and post-CGM values, which were compared to 
determine HbA1c reduction from CGM use.

This study also explored secondary outcomes 
including changes in HbA1c by prescriber type, 
differences in HbA1c reduction based on age, and 
changes in diabetes medications, including total 
daily insulin doses. For secondary outcomes, di-
abetes medication information and the total daily 
dose of insulin were gathered at the start of CGM 
use and at the time of data collection. The most 
recent CGM order prescribed was also collected. 

Veterans were included if they were aged 
≥ 18 years, had an active order for a CGM, 
T2DM diagnosis, an insulin prescription, and 
previously used test strips for glucose monitor-
ing. Patients with T1DM, those who accessed 
CGMs or care in the community, and patients 
without HbA1c values pre-CGM, were excluded.

Statistical Analysis 
The primary endpoint of change in HbA1c 
level before and after CGM use was com-
pared using a paired t test. A 0.5% change 
in HbA1c was considered clinically significant, 
as suggested in other studies.8,9 P < .05 was 

considered statistically significant. Analysis for 
continuous baseline characteristics, including 
age and total daily insulin, were reported as 
mean values. Nominal characteristics includ-
ing sex, race, diabetes medications, and pre-
scriber type are reported as percentages.

RESULTS
A total of 402 veterans were identified with an 
active CGM at the time of initial data collection 
in January 2024 and 175 met inclusion crite-
ria. Sixty patients were excluded due to diabe-
tes managed through a community HCP, 38 had 
T1DM, and 129 lacked HbA1c within all speci-
fied time periods. The 175 veterans were ran-
domized, and 150 were selected to perform a 
chart review for data collection. The mean age 
was 70 years, most were male and identified as 
White (Table 1). The majority of patients were 
managed by endocrinology (53.3%), followed 
by primary care (24.0%), and pharmacy (22.7%) 
(Table 2). The mean baseline HbA1c was 8.6%. 

The difference in HbA1c before and after use 
of CGM was -0.97% (P = .0001). Prior to use 
of a CGM the change in HbA1c was minimal, 
with an increase of 0.003% with the use of self-
monitoring glucose. After use of a CGM, HbA1c 
decreased by 0.971%. This reduction in HbA1c 
would also be considered clinically significant 
as the change was > 0.5%. The mean pre-, at 
start, and post-CGM HbA1c levels were 8.6%, 
8.6%, and 7.6%, respectively (Figure 2). Phar-
macy prescribers had a 0.7% reduction in HbA1c 
post-CGM, the least of all prescribers. While 
most age groups saw a reduction in HbA1c, 
those aged ≥ 80 years had an increase of 0.18% 
(Table 3). There was an overall mean reduction in 
insulin of 22 units, which was similar between all 
prescribers. 

DISCUSSION
The primary endpoint of difference in change of 
HbA1c before and after CGM use was found to 
be statistically and clinically significant, with a 

TABLE 2. Mean HbA1c Level by Prescriber Type (N = 150) 

Criteria No. (%) 

Baseline Following CGM

Mean HbA1c levels, % Mean HbA1c level, % Change in HbA1c level, %

All prescribers 
  Endocrinology 
  Primary care 
  Pharmacy

 
80 (53.3) 
36 (24.0) 
34 (22.7)

8.61 
8.60 
8.84 
8.39

7.64 
7.63 
7.61 
7.69

−0.97  
−0.97 
−1.23 
−0.70

Abbreviations: CGM, continuous glucose monitor; HbA1c, hemoglobin A1c.
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nearly 1% reduction in HbA1c, which was simi-
lar to the reduction found by Vigersky and col-
leagues.5 Across all prescribers, post-CGM 
HbA1c levels were similar; however, patients 
with CGM prescribed by pharmacists had the 
smallest change in HbA1c. VA pharmacists pri-
marily assess veterans taking insulin who have 
HbA1c levels that are below the goal with the 
aim of decreasing insulin to reduce the risk of 
hypoglycemia, which could result in increased 
HbA1c levels. This may also explain the ob-
served increase in post-CGM HbA1c levels in 
patients aged ≥ 80 years. Patients under the 
care of pharmacists also had baseline mean 
HbA1c levels that were lower than primary care 
and endocrinology prescribers and were closer 
to their HbA1c goal at baseline, which likely was 
reflected in the smaller reduction in post-CGM 
HbA1c level. 

While there was a decrease in HbA1c levels 
with CGM use, there were also changes to medi-
cations during this timeframe that also may have 
impacted HbA1c levels. The most common dia-
betes medications started during CGM use were 
GLP-1 agonists and SGLT2-inhibitors. Addition-
ally, there was a reduction in the total daily dose 
of insulin in the study population. These results 
demonstrate the potential benefits of CGMs for 
prescribers who take advantage of the CGM 
glucose data available to assist with medica-
tion adjustments. Another consideration for dif-
ferences in changes of HbA1c among prescriber 
types is the opportunity for more frequent fol-
low-up visits with pharmacy or endocrinology 

compared with primary care. If veterans are fol-
lowed more closely, it may be associated with 
improved HbA1c control. Further research inves-
tigating changes in HbA1c levels based on follow-
up frequency may be useful.

Strengths and Limitations
The crossover design was a strength of this 
study. This design reduced confounding variables 
by having veterans serve as their own controls. 
In addition, the collection of multiple secondary 
outcomes adds to the knowledge base for future 
studies. This study focused on a unique popula-
tion of veterans with T2DM who were taking in-
sulin, an area that previously had very little data 
available to determine the benefits of CGM use. 

Although the use of a CGM showed sta-
tistical significance in lowering HbA1c, many 
veterans were started on new diabetes medica-
tion during the period of CGM use, which also 
likely contributed to the reduction in HbA1c and 
may have confounded the results. The study 
was limited by its small population size due to 
time constraints of chart reviews and the lim-
ited generalizability of results outside of the VA  
system. The majority of patients were from a 
single site, male and identified as White, which 
may not be reflective of other VA and commu-
nity health care systems. It was also noted that 
the time from the initiation of CGM use to the 
most recent HbA1c level varied from 6 months 
to several years. Additionally, veterans man-
aged by community-based HCPs with complex 
diabetes cases were excluded.

FIGURE 2. Mean Change in Hemoglobin A1c Level With CGM Use
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CONCLUSIONS
This study demonstrated a clinically and 
statistically significant reduction in HbA1c 
with the use of a CGM compared to finger-
stick monitoring in veterans with T2DM who 
were being treated with insulin. The change 
in post-CGM HbA1c levels across prescrib-
ers was similar. In the subgroup analysis of 
change in HbA1c among age groups, there 
was a lower HbA1c reduction in individuals 
aged ≥ 80 years. The results from this study 
support the idea that CGM use may be ben-
eficial for patients who require a reduction in 
HbA1c by allowing more precise adjustments 
to medications and optimization of therapy, 
as well as the potential to reduce insulin re-
quirements, which is especially valuable in 
the older adult veteran population. 
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− 1.37 
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