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OBJECTIVE

To evaluate long-term glycemic outcomes of continuous glucose monitoring
(CGM) initiation within the first year of type 1 diabetes diagnosis.

RESEARCH DESIGN AND METHODS

Patients with type 1 diabetes (N = 396) were divided into three groups: 1) CGM
(CGM use within 1 year of diabetes diagnosis and continued through the study),
2) no-CGM (no CGM use throughout the study), and 3) new-CGM (CGM use after
3 years since diabetes diagnosis). Patients were followed up to 7 years.

RESULTS

A1c was significantly lower in the CGM compared with the no-CGM group
throughout 7 years of follow-up (least squares mean A1c values: 6 months, 7.3%
vs. 8.1%; 1 year, 7.4% vs. 8.6%; 2 years, 7.7% vs. 9.1%; 3 years, 7.6% vs. 9.3%; 4
years, 7.4% vs. 9.6%; 5 years, 7.6% vs. 9.7%; 6 years, 7.5% vs. 10.0%; and 7 years,
7.6% vs. 9.8%; for all, P < 0.001) adjusting for age at diagnosis, sex, and insulin
delivery method.

CONCLUSIONS

CGM initiation within first year of type 1 diabetes diagnosis results in long-term
improvement in A1c.

Continuous glucose monitoring (CGM) improves A1c and reduces hypoglycemia
regardless of age, sex, and insulin delivery methods in patients with type 1 diabetes
(1–4). Observational studies by our group and others have suggested that initiation
of CGM soon after type 1 diabetes diagnosis is feasible and results in short-term
improvements in A1c (5–8). In a previously published study by our group, we evalu-
ated glycemic control up to 3 years among patients with type 1 diabetes who initi-
ated CGM within the first year of type 1 diabetes diagnosis (n = 81) relative to
patients who did not initiate CGM (n = 225) (6). Irrespective of insulin delivery
methods, CGM users had a significantly greater improvement in glycemic control
than did non-CGM users over 2.5 years of follow-up (6). To evaluate long-term
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(7 years) glycemic outcomes of early
CGM initiation in patients recently diag-
nosed with type 1 diabetes, we fol-
lowed this previously published cohort
(6) for up to 7 years.

RESEARCH DESIGN AND METHODS

This is an extension of a previously pub-
lished study (6). In brief, we searched
electronic medical records of patients
with type 1 diabetes, between 1 and
35 years of age, diagnosed between
January 2013 and December 2015. Only
nonpregnant patients who had at least
two clinic visits per year for 3 years and
had 70% of device use during the study
period were included in the parent
study. The details of the original study
with first 3 years of follow-up are pub-
lished (6) and provided in the Supp-
lementary Appendix.
For the extension study, we collected

baseline information on age, sex, eth-
nicity, insurance type, BMI, presence of
other autoimmune disease, A1c, and
CGM use (yes/no) at each visit from the
onset of type 1 diabetes through a
7 year follow-up period by CGM groups.
Patients who initiated CGM within the
first year of diagnosis and continued
using CGM through the study period
were included in the CGM group, and
patients who never used CGM during
the study period were included in the
no-CGM group. With increasing use of
CGM, there were many patients who
started CGM later during this ongoing
observational study, so we defined the
new-CGM group as patients who were
not using CGM during the original study
but started CGM during the extension
phase. The Colorado Multiple Institu-
tional Review Board approved the pro-
tocol under the exempt category.
The primary outcome of the study

was the change in A1c over time bet-
ween the CGM and no-CGM groups.
The secondary outcome was the differ-
ence in A1c between the new-CGM
group and the no-CGM group. A1c val-
ues at diagnosis were determined from
the electronic medical record. A1c val-
ues at subsequent visits were averaged
within each 6-month period through
the first 3 years of the study and then
annually through 7 years. Continuous
data were presented as mean and SD,
and categorical data were presented as
a percentage. Linear mixed models were

used to examine A1c levels by time
points and by the three CGM groups
adjusted for age, sex, insulin delivery
methods, race or ethnicity, and insur-
ance status.

RESULTS

A total of 396 patients with type 1 dia-
betes (n = 372 children aged <18 years;
n = 24 adults aged $18 years) were
included in this analysis and followed
up to 7 years. There were no significant
differences in patients’ age at diagnosis
(10.4 ± 7 years vs. 10.2 ± 4.7 years) and
in A1c at diagnosis (11.5% ± 2.3% vs.
11.6% ± 2.3%) between the CGM and
no-CGM groups. Other baseline charac-
teristics by CGM use are shown in Sup-
plementary Table 1. The number of par-
ticipants followed over the 7 years, by
the three CGM groups and insulin pump
use among these participants, is pro-
vided in Supplementary Tables 2 and 3.

Mean A1c at diagnosis did not differ
between groups. There was significant
improvement in A1c in the CGM group
at 6 months, and this was maintained
throughout the 7-year follow-up period,
adjusting for age at diagnosis, sex, and
insulin delivery method (Fig. 1). Among
patients who did not initiate CGM
within the first year of type 1 diabetes
diagnosis but started CGM later (i.e.,
the new-CGM group), there was a sig-
nificant reduction in A1c after CGM initi-
ation. However, mean A1c was higher in
the new-CGM group compared with those
who initiated CGM within the first year of
type 1 diabetes diagnosis (Fig. 1). Results
of primary outcome did not differ after
adjusting for age, sex, insulin delivery
methods, race or ethnicity, and insurance
status (Supplementary Table 4).

CONCLUSIONS

To our knowledge, this is the first study
to demonstrate improvement in A1c
over 7 years with CGM initiation within
first year of diabetes diagnosis in patients
with type 1 diabetes. Our study findings
suggest improvement in A1c regardless
of CGM initiation timing. However, sus-
tained improvement in A1c was signifi-
cantly better in those who initiated CGM
within the first year of diabetes diagnosis
compared with CGM initiation after 3
years of type 1 diabetes. Studies have
suggested that glycemic control may set-
tle into long-term patterns within the

first 5 years after diabetes diagnosis
(9,10); therefore, initiating CGM early
may set a better glycemic trajectory. In
addition, early glycemic control may offer
protection against microvascular compli-
cations (11,12).

Disparity in diabetes care and in initi-
ation of diabetes technologies such as
insulin pumps and CGM is well known
(13,14). There was significant disparity
in CGM initiation in our study, with
more non-Hispanic White patients than
people of color initiating CGM within
the first year of type 1 diabetes diagno-
sis. CGM coverage has been expanded
in the last 5 years, and government
insurance such as Medicaid and Medi-
care is now covering CGM for people
with type 1 diabetes. Thus, differences
in insurance coverage may not fully
explain the disparity in CGM initiation we
observed between non-Hispanic Whites
and people of color. In regard to higher
diabetes-related morbidity and mortality
rates in ethnic and minority populations
(15), early initiation of CGM may have a
key role in optimizing glycemic control
and decreasing long-term complications.

Long-term follow-up and rigorously
collected data on a large number of
patients with type 1 diabetes are major
strengths of this study. The single-
center, retrospective study design and
small sample size during the end of the
study are major limitations. The possibil-
ity of selection bias in initiating CGM by
providers on the basis of insurance cov-
erage, household income, access to
health care, and/or status of patients’ or
families’ diabetes knowledge cannot be
excluded. We did not collect data on
differences in health care use (e.g.,
emergency visits for hyperglycemia or
hypoglycemia) among CGM users versus
nonusers. Our previous study showed
significantly reduced health care use
among early CGM users with type 1 dia-
betes (6). We also did not collect the
data on the use of automated insulin
delivery systems. It is possible that pat-
ients using both an insulin pump and
CGM may be using an automated insulin
delivery system, which may confound
A1c differences between two groups.
We followed patients who initiated CGM
during the 2013–2015 period; CGM dur-
ing that period used older-generation
devices. Newer CGM devices are more
accurate, smaller, and do not require
finger-stick blood glucose samples for
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CGM calibration and insulin dosing deci-
sions. Therefore, we believe that findings
of our study would be replicable and
may show even better A1c reduction
with early initiation of the newer-genera-
tion of CGM devices.

In conclusion, our study demonstrated
significant improvements in A1c among
CGM users compared with non-CGM
users. The long-term improvement in
A1c was significant with early initiation
of CGM within first year of type 1 diabe-
tes diagnosis compared with CGM initia-
tion after 3 years since type 1 diabetes
diagnosis. Therefore, CGM initiation soon
after type 1 diabetes diagnosis may be a
good strategy for improving glycemic
outcome in people with type 1 diabetes,
among whom one in every three pat-
ients does not meet the American Diabe-
tes Association recommended glycemic
targets (A1c <7%).
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