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Background: Nearly 25% of patients served in the US De-
partment of Veterans Affairs have been diagnosed with type 
2 diabetes mellitus (T2DM). Patients with DM typically mon-
itor their blood glucose using intermittent fingerstick self-
testing. Continuous glucose monitoring (CGM) might offer  
improved disease management. 
Methods: We conducted a retrospective of VA patient re-
cords using a pre–post model. Average hemoglobin A1c 
(HbA1c) values were calculated for the year before and the 
year after CGM initiation. Our primary objective was to de-
termine change in HbA1c from the year before CGM initiation 
to the year after. Secondary objectives included changes in 
blood pressure, weight, and DM-related hospital and clinic 
visits during the same time frame.
Results: Both the total population and the adherent sub-
group showed reduction in HbA1c. The complete population 

showed a HbA1c change of –0.3, and the adherent sub-
group had a change of –1.3. The total population had a 
mean change in weight of –1.9 lb (–0.9 kg), and the adher-
ent subgroup had an average change of –8.0 lb. Average 
systolic blood pressure changes were –0.1 mm Hg in the 
total population and +3.3 mm Hg in the adherent subgroup. 
A decrease in total encounters for DM complications was 
observed in the total population (–0.3 total encounters per 
patient) and the adherent subgroup (–0.6 total encounters 
per patient).
Conclusions: CGM did not correspond with clinically sig-
nificant reductions in HbA1c. However, veterans with in-
creased health care engagement were likely to achieve 
clinically significant HbA1c improvements. Adherent pa-
tients also had more reduction in weight and hospital or 
clinic visits with CGM compared with the total population.
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Nearly 25% of patients served in the US 
Department of Veterans Affairs (VA) 
have been diagnosed with type 2 dia-

betes mellitus (T2DM), although the prevalence 
among adults in the United States is 9%.1 Pa-
tients with DM typically monitor their blood 
glucose using intermittent fingerstick self-
testing. Continuous glucose monitoring (CGM) 
might offer a more comprehensive picture of 
glucose control to improve disease manage-
ment. Within the VA, criteria for CGM use varies 
among facilities, but generally veterans pre-
scribed at least 3 daily insulin injections and  
4 daily blood glucose checks qualify.2 

CGM therapy has been extensively re-
searched for type 1 DM (T1DM); however, out-
comes of CGM use among older adults with 
T2DM have not been fully evaluated. In a 2018 
review of randomized clinical trials evaluat-
ing CGM use, 17 trials examined only patients 
with T1DM (2009 participants), 4 included only 
patients with T2DM patients (547 patients),  
3 evaluated patients with T1DM or T2DM  
(655 patients), and 3 included women with ges-
tational diabetes (585 patients).3 Of 27 studies 
that included change in hemoglobin A1c (HbA1c) 
as an endpoint, 15 found a statistically signif-
icant reduction in HbA1c for the CGM group. 
Four trials evaluated CGM use in adults with 
T2DM and 3 found no difference in HbA1c over-
all. However, 1 study found a difference in 
HbA1c only in individuals aged < 65 years, and  

another study found a greater improvement in 
the CGM group (approximately 0.5%).4,5 These 
mixed results indicate a need for further sub-
group analysis in specific populations to de-
termine the optimal use of CGM in adults with 
T2DM. Although this study was not designed to 
measure changes in hypoglycemic episodes or 
the relative efficacy of different CGM products, 
it establishes a baseline from which to conduct 
additional research. 

Our primary objective was to determine 
change in HbA1c in each patient from the year 
before CGM initiation to the year after. Second-
ary objectives included changes in blood pres-
sure (BP), weight, and diabetes-related hospital 
and clinic visits during the same time frame. We 
also completed subanalysis comparing primary 
outcomes in engaged or adherent patients com-
pared with the entire study group. This study 
was completed as a quality improvement project 
with approval from the Lexington Veterans Affairs 
Health Care System in Kentucky information se-
curity office and was exempted from institutional 
review board review.

METHODS
This project was a retrospective evaluation using 
the VA database of patient records. Rather than 
using a control group, our study used a pre–
post model to determine the impact of CGM for 
each patient. For the primary outcome, average 
HbA1c values were calculated for the year be-
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fore and year after CGM initiation. Hemoglobin 
and hematocrit values were included if reported 
within 3 months of the HbA1c values to ensure 
validity of HbA1c results. Average HbA1c was  
13.37 g/dL (range, 10.5-17.3), and average he-
matocrit was 43.3% (range, 36-52). Change in 
average HbA1c was recorded for each patient. 
Based on research by Taylor and colleagues, a 
change in HbA1c of 0.8% was considered clini-
cally significant for this project.6

Mean BP and weight were calculated for the 
years before and after CGM initiation. Only val-
ues for routine clinic visits were included; val-
ues taken during an acute health incident, 
inpatient stay, infusion clinic appointments, or 
home readings were excluded. Changes were re-
corded for each patient. Patient encounter notes 
were used to determine the number of DM- 
related hospital, emergency department, and 
clinic visits, such as nephrology, podiatry, vascu-
lar medicine, or infectious disease clinic or inpa-
tient encounters during the study period. Routine 
endocrinology or primary care visits were not in-
cluded, and patient care notes were consulted 
to ensure that the encounters were related to a 
DM complication. The change in number of visits 
was calculated for each patient.

Adherence was defined as patients receiv-
ing active medication management, documented 
treatment regimen adherence, and > 4 annual 
endocrinology clinic visits. Active medication 
management was defined as having > 1 dosage 
or medication change for oral or noninsulin an-
tihyperglycemics, initiation, or adjustment of in-
sulin dosages according to the patient records. 
Treatment adherence was determined based on 
medication reconciliation notes and refill request 
history. Only endocrinology clinic visits at VA out-
patient clinics were included. 

Study Population
A sample of 166 patients was needed to detect an 
HbA1c change of 0.8 per power analysis. The nor-
mal approximation method using the z statistic 
was used, with 2-tailed α = 0.05, β = 0.05, E = 0.8, 
and S = 1.2. We randomly selected 175 patients 
among all individuals with an active prescription 
for CGM in 2018 and 2019, who had a diagnosis 
of T2DM, and were managed by VA endocrinol-
ogy clinics (including endocrine clinics, diabetes 
clinics, and patient aligned care team clinics) at 
87 VA medical centers. Patients with types of 
DM other than T2DM were excluded, as well as 
those with a diagnosed hemoglobinopathy or 

HbA1c < 10 g/dL. The adherent subgroup included  
40 patients of the 175 sample population (Table 1). 

RESULTS
Both the total population and the adherent sub-
group showed reduction in HbA1c, the primary 
endpoint. The complete population showed a 
HbA1c change of –0.3 (95% CI, –0.4 to –0.2), 
and the adherent subgroup had a change of 
–1.3 (95% CI, –1.5 to –1.2). The total survey 
population had a mean change in weight of 
–1.9 lb (–0.9 kg) (95% CI, –3.7 to –0.1) and the 
adherent subgroup had an average change of 
–8.0 lb (–3.6 kg) (95% CI, –12.3 to –3.8). Av-
erage systolic BP changes were –0.1 mm Hg 
(95% CI, –1.6 to 1.5) in the total population and 
+3.3 mm Hg (95% CI, –0.01 to 6.22) in the ad-
herent subgroup. A decrease in total encoun-
ters for DM complications was observed in the 
population (–0.3 total encounters per patient, 
95% CI, –0.5 to –0.2) and the adherent sub-
group (–0.6 total encounters per patient, 95% 
CI, –1.0 to –0.1) (Table 2).

Before the study, 107 (61.1%) patients were 
taking oral or noninsulin DM medication only,  
4 (2.3%) were on insulin only, and 64 (36.6%) 
were prescribed both insulin and oral/noninsu-
lin antihyperglycemics. Noninsulin and oral 
antihyperglycemic regimens included com-
binations of biguanide, dipeptidyl peptidase-  
4 inhibitor, sodium-glucose cotransporter-2 inhib-
itor, sulfonylurea, meglitinide, β-glucosidase in-
hibitor, glucagon-like peptide-1 (GLP-1) analog, 
and thiazolidinedione drug classes. Nearly 70% 
(122) had no reported changes in DM treatment  
beyond dosage titrations. Among these pa-
tients, 18 (10.3%) were on an insulin pump for the  

TABLE 1 Baseline Demographics

Characteristics Total (N = 175) Adherent Group (n = 40)

Race/ethnicity, No. (%)
   White
   Black/African American
   Hispanic/Latino
   Asian
   Native/Pacific Islander

 
129 (73.7)
29 (16.6)

4 (2.3)
6 (3.4)
4 (2.3)

 
36 (90.0)

3 (7.5)
0 (0)

1 (2.5)
0

Age, mean (SD), y 69.0 (9.5) 65.5 (5.3)

Sex, male, No. (%) 167 (95.4) 39 (97.5)

Baseline medication, No. (%)
   Oral or noninsulin only
   Insulin only
   Insulin + oral or noninsulin

107 (61.1)
4 (2.3)

64 (36.6)

4 (10.0)
1 (2.5)

35 (87.5)
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duration of the study. Among the 53 (30.3%) 
patients who had changes in treatment,  
31 (17.7%) transitioned from insulin injections 
to an insulin pump, 13 (7.4%) changed from 
1 insulin injection to another (ie, addition of 
long-acting insulin, transition to u500 insu-
lin, changing from 1 insulin category or brand 
to another), 8 (4.6%) began an oral/noninsulin 
antihyperglycemic, 4 (2.3%) began insulin in-
jections, 13 (7.4%) discontinued noninsulin or 
oral antihyperglycemics, and 2 (1.1%) discon-
tinued insulin during the study period.

Data showed that 113 (64.5%) patients had 
no changes in antihypertensives. The remain-
ing 62 (35.4%) had the following adjustments:  
1 4  ( 8 % )  i n c re a s e d  d o s e  o f  c u r re n t 
medication(s), 9 (5.1%) decreased dose of 
current medication(s), 8 (4.6%) discontinued 
all antihypertensive medications, 10 (5.7%) 
switched to a different antihypertensive class, 
and 16 (9.1%) added additional antihyperten-
sive medication(s) to their existing regimen 
during the study period.

Patients in the study group used 7 dif-
ferent types of CGM sensors. Chart re-
view revealed that 84 (47.7%) patients 
used Medtronic devices, with 26 (14.8%) 

us ing  f i r s t -genera t ion  Guard ian  sen-
sors, 50 (28.4%) using Enlite sensors, and  
8 (4.5) using Guardian 3 sensors. We found 
that 81 (46.0%) veterans were prescribed 
Dexcom devices, with 5 (2.8%) using SEVEN 
PLUS sensors, 68 (38.6%) using G4-5 sen-
sors, and 8 (4.5%) using G6 sensors. The 
remaining 10 (5.7%) patients were using Free-
style Libre sensors during the study period. 

DISCUSSION
CGM did not correspond with clinically signif-
icant reductions in HbA1c. However, veterans 
with increased health care engagement were 
likely to achieve clinically significant HbA1c 
improvements. The veterans in the adherent 
subgroup had a higher baseline HbA1c, which 
could be because of a variety of factors men-
tioned in patient care notes, including insulin 
resistance, poor dietary habits, and exercise 
regimen nonadherence. These patients might 
have had more room to improve their glycemic 
control without concern of hypoglycemia, and 
their higher baseline HbA1c could have pro-
vided increased motivation for improving their 
health during the study period. 

Adherent patients also had a greater re-
duction in weight and hospital or clinic visits 
with CGM compared with the total popula-
tion. These veterans’ increased involvement in 
their health care might have led to better di-
etary and exercise adherence, which would 
have decreased insulin dosing and contrib-
uted to weight loss. Only 1 patient in the ad-
herent subgroup initiated a GLP-1 agonist 
during the study period, making it unlikely that 
medication changes had a significant impact 
on weight loss in the subgroup analysis. This 
improvement in overall health status might 
have contributed to the reduction in hospital 
or clinic visits observed in this population.

Average systolic BP data decreased min-
imally in the total survey population and in-
creased in the adherent subgroup over the 
course of the study. These results were deter-
mined to be statistically significant. Changes 
in systolic BP readings were minimal, indicat-
ing that it is unlikely that these changes con-
tributed meaningfully to the patients’ overall 
health status. 

Although not related to the study objec-
tives, the adherent population required less 
antihypertensive adjustments with sim-
ilar BP control. This could be explained by  

TABLE 2 Patients Using CGM

Criteria
Before CGM, 

mean (SD)
After CGM, 
mean (SD)

Change, 
 mean (95% CI)

Hemoglobin A1c, %
Total population
Adherent subgroup 

8.1 (1.21)
8.9 (1.03)

7.8 (1.2)
7.6 (1.0)

–0.3 (–0.4, –0.2)
–1.3 (–1.5, –1.2)

Weight, kg
Total population
Adherent subgroup

98.0 (54.0)
99.4 (48.5)

97.1 (51.7)
95.8 (44.8)

–0.9
–3.6

Systolic blood pressure, mm Hg
Total survey population
Adherent subgroup

132.5 (11.5)
130.3 (12.0)

132.5 (12.1)
133.4 (11.4)

–0.1 (–1.6, +1.5)
+3.1 (–0.01, +6.22)

Encounters per patient
Total population
Inpatient admissions
ED visits
Adherent subgroup
Inpatient admissions
ED visits

1.4 (1.1)
0.1 (0.3)
0.5 (0.7)
1.6 (1.4)

0.04 (0.1)
0.2 (0.2)

1.0 (1.0)
0.03 (0.2)
0.3 (0.5)
1.0 (1.1)

0.02 (0.1)
0.1 (0.2)

–0.3 (–0.53, –0.2)
–0.1 (–0.4, +0.2)
–0.2 (–1.0, +0.7)
–0.6 (–1.0, –0.1)

–0.01 (–0.04, +0.02)
–0.1 (–0.10, –0.04)

Total, No.
  Inpatient admissions
  ED visits
Adherent subgroup, No.
  Inpatient admissions
  ED visits

236
16
79
64
2
9

176
6

53
42
1
4

–61
–10
–26
–22
–1
–5

Abbreviations: CGM, continuous glucose monitoring; ED, emergency department.
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improved overall health or better adherence 
and engagement in therapy. The results of 
this project show that despite limited med-
ication changes, T2DM management im-
proved among adherent patients using CGM. 
The general study population, which was more 
likely to have documented nonadherence with 
treatment or clinic appointments, had minimal 
benefit. CGM technology in the T2DM veteran 
population is more likely to have significant 
clinical benefit in patients who are adherent 
with their medication regimens and follow-up 
appointments compared with the larger study 
population. 

The results of this study are in line with pre-
vious studies on CGM use in the T2DM pa-
tient population. We agree with the previously 
published research that CGM alone does not 
have a meaningful impact on HbA1c reduc-
tion. Our study population also was older than 
those in previous studies, adding to the Haak 
and colleagues conclusion that patients aged 
< 65 years might have better outcomes with 
CGM.4 

Strengths of this study include specificity 
to the veteran population using VA resources, 
as well as including nondiabetes outcomes. 
This allows for specific application to the vet-
eran population and could provide broader ev-
idence for CGM use. Demonstrated decreases 
in HbA1c, weight, and clinic visits in the adher-
ent population suggest that providing veterans 
with CGM therapy with frequent endocrinol-
ogy follow-up improves health outcomes and 
could decrease overall health spending. 

Limitations
Limitations of this study include retrospective 
design, a small sample size, and solely focus-
ing on T2DM. As a retrospective study, we can-
not rule out the influence of outside factors, such 
as participation in a non-VA weight loss program. 
This study lacked the power to assess the im-
pact of the different CGM brands. The study did 
not include data on severe hypoglycemic or hy-
perglycemic episodes as veterans might have 
needed emergent care at non-VA facilities. Fu-
ture research will evaluate the impact of CGM on 

symptomatic and severe hypoglycemic episodes 
and use of insulin vs oral or noninsulin antihyper-
glycemics and the comparative efficacy of differ-
ent CGM brands among veterans.

CONCLUSIONS
CGM did not correspond with clinically signifi-
cant reductions in HbA1c. However, veterans with 
increased health care engagement were likely 
to achieve clinically significant HbA1c improve-
ments. Adherent patients also had more reduc-
tion in weight and hospital or clinic visits with 
CGM compared with the total population. These 
veterans’ increased involvement in their health 
care might have led to better dietary and exercise 
adherence, which would have decreased insulin 
dosing and contributed to weight loss.
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