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Abstract

Background: Continuous glucose monitoring (CGM) has been shown to be a valuable tool to improve glycemic control in
patients with diabetes. The objective of this pilot study was to develop and implement CGM in an existing diabetes clinic for
low-income patients on multiple daily injections.
Subjects and Methods: This was a single-center, prospective, randomized controlled, crossover pilot study. Initial focus
groups were held to create low-literacy, Spanish and English guides to the use of carbohydrate counting and CGM. These
tools were implemented to train participants on carbohydrate counting and insulin adjustments participants. Subjects were
then randomized to start in Group A (CGM) or Group B (self-monitoring blood glucose and then switched after 28 weeks).
Hemoglobin A1c (HbA1c) was obtained at baseline and at the end of both study phases.
Results: Twenty-five economically challenged, primarily Latino participants with minimal prior education on intensive
diabetes management completed the study. No significant reduction in HbA1c or decrease in time spent in parameters of low
and high blood glucose was shown. However, eighty percent of participants who completed the study wanted to continue to
use CGM once the research study was over. The participants also felt that the CGM made adjusting insulin easier.
Conclusions: CGM can be implemented in patients from a low-income public clinic; however, HbA1c reduction was not
achieved. Given the underlying lack of baseline self-management knowledge, a longer trial might be necessary to see benefit
with CGM in this population.

Introduction

Maintaining near-normal blood glucose levels has
been documented to reduce both acute and chronic

complications of diabetes mellitus (DM).1 Over the past
several years, continuous glucose monitoring (CGM) has
been shown to be a valuable tool to improve glycemic con-
trol in patients with diabetes.2,3 However, there are no data
on CGM use in underserved populations despite the fact that
minority patients with DM often have higher hemoglobin
A1c (HbA1c) levels and are at increased risk chronic
complications.4,5

The aim of this study was to determine if providing CGM to
patients seen in a type 1 diabetes clinic for low-income pa-
tients in East Los Angeles, CA, could be used to improve
glycemic control and quality of life outcomes. Preliminary
data of this study were presented in an abstract at the 70th

Scientific Sessions of the American Diabetes Association in
2010.6

Research Design and Methods

This was a single-center, prospective, randomized con-
trolled, crossover study. The study was conducted in the
Endocrine Fellows Diabetes Clinic at the Roybal Compre-
hensive Health Center in East Los Angeles, a federally des-
ignated underserved health care region. Between August 2007
to December 2008, patients with a clinical diagnosis of type 1
diabetes were recruited to participate. Major inclusion criteria
were as follows: diagnosis of DM for at least 6 months prior to
study enrollment, subject self-report of self-monitoring blood
glucose (SMBG) three or more times per day, on multiple
daily insulin injections, and at least 18 years of age. Insulin
pumps are not available for patients in the Los Angeles
County Healthcare System. Patients did not have access to a
dietitian knowledgeable in teaching carbohydrate (CHO)
counting prior to the study. At baseline, no patient did ad-
vanced CHO counting, although some used sliding-scale
premeal insulin. Patients were treated with basal insulin
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glargine and a rapid-acting premeal insulin. These patients
were categorized as uninsured; however, state/federal funds
did support their clinic visits and diabetes medications and
supplies.

Study protocol

Before randomization, the first six patients participated in
focus groups to create the educational manual for CGM and
CHO counting in Spanish and English at or below a 6th grade
reading level (the standard instruction manuals were esti-
mated to be written at a 10th grade reading level, largely be-
cause of the technical terminology involved). Participants
were randomized into two groups: CGM first (Group A) or
SMBG first (Group B) in Period 1 and then switched to the
other therapy, Period 2, for up to 28 weeks each period.
HbA1c was obtained at baseline, the end of Period 1, and the
end of Period 2. Before starting CGM use, all had 1 week of a
CGM ‘‘blinded’’ period where participants were not able to
see the glucose values recorded in the receiver. Participants
were provided with education on CHO counting and insulin
dose adjustments using developed educational materials.
Patients were seen monthly to download CGM tracings and
meter and to receive reinforcement of CHO counting. Dia-
betes management in the Endocrine Fellows Diabetes Clinic
consisted of continuity care with an endocrine Fellow who
was supervised by one of two endocrine Attendings. At each
routine clinic visit, the participants brought in their meter for
downloading in the clinic providing the Fellow with access to
the patient CGM downloads and CHO counting logs. HbA1c
was measured with a DCA Vantage 2000 analyzer (Bayer,
Tarrytown, NY). The Dexcom� (San Diego, CA) SEVEN�

sensor was used for the study. The CGM Satisfaction Scale, a
44-item 5-point Likert scale questionnaire, was administered
at the end of the CGM use.7

Descriptive statistics were used to assess change in HbA1c
and measures of CGM satisfaction. The Spearman correlation
was used to evaluate percentage change in HbA1c with the
extent of CGM use (days/week). For within-subject compar-
ison before and after CGM, we conducted the Wilcoxon
signed rank test on percentage of time spent above 180 mg/dL
or below 70 mg/dL. All analyses were performed in SAS
version 9.2 (SAS Institute, Cary, NC).

Results

Of the 39 patients enrolled, 25 completed both arms. The
mean length of study for Group A was 21 weeks, and that for
Group B was 22 weeks. In Group A, four patients dropped out
prior to completing the CGM arm (two were lost to follow-up,
one because of knee surgery, and one discontinued after the
first week of CGM), and four dropped out during the SMBG
arm (three were lost to follow-up after CGM was completed,
and one stopped because of family health issues). In Group B,
two dropped out prior to completing the SMBG arm (both
were lost to follow-up after 1 week of SMBG), and four
dropped during the CGM arm (one was lost to follow-up, one
had difficulty with using the sensor, and two did not like the
stress associated with the CGM and did not want to check
more often so stopped after 1 week on CGM). Baseline demo-
graphics of the completed subjects were as follows: average
age of 40 years; 13 years of diabetes duration; 48% female;
76% Latino; a high school average level of education, and

8.5% – 1.7% baseline HbA1c (Table 1). Patients had limited to
no prior training on CHO counting and limited formal dia-
betes education.

The change in HbA1c in Group A (CGM first/SMBG sec-
ond) was from 8.3% to 8.0% and then up to 8.5% after the
SMBG phase. In Group B (SMBG first/CGM second), the
change in HbA1c was from 8.3% to 7.8% and then up to 8.3%
after the CGM phase (Fig. 1). CGM usage was greater than 6
days/week in 67% of Group A and in 64% of Group B. For
most subjects who dropped out of the study, it is not known if
or how much CGM was used prior to leaving the study. There
was a small trend (which did not reach statistical significance)
toward a decrease in HbA1c with more consistent CGM use
(data not shown). There was no decrease in time spent in the
greater than 180 mg/dL or below 70 mg/dL range or statis-
tical differences among measurements of glycemic variation
such as SD or maximum amplitude of glycemic excursions
compared with individual blinded and unblinded periods of
CGM use.

Table 1. Baseline Factors by Completers

and Noncompleters

Completers
(n = 25)

Dropouts
(n = 14)

Randomization group
Group A: CGM 1st/

SMBG 2nd
11 (44%) 8 (57%)

Group B: SMBG 1st/
CGM 2nd

14 (56%) 6 (43%)

Baseline HbA1c (%) 8.5 – 1.7 8.2 – 2.2
Age (years) 40 – 13 42 – 11

Range 21–63 30–67
21–29 8 (32%) 0
30–39 5 (20%) 7 (50%)
40–49 5 (20%) 5 (36%)
50–67 years 7 (28%) 2 (14%)

Gender female 12 (48%) 8 (57%)

Race/ethnicity
Hispanic/Latino 19 (76%) 7 (50%)
White 4 (16%) 3 (21%)
Black/African American 2 (8%) 2 (14%)
Asian/Pacific Islander 0 2 (14%)

Diabetes duration (years) 13 (10, 21) 26 (14, 29)
Age 21–29 years 11 (9, 16) NA
Age 30–39 years 11 (8, 13) 15 (10, 24)
Age 40–49 years 21 (11, 25) 28 (28, 29)
Age 50–67 years 21 (13, 31) 36 (27, 45)

Number of SH events in 1 month before consenta

None 20 (80%) [80%] 4 (44%) [44%]
1 2 (8%) [88%] 1 (11%) [56%]
2 1 (4%) [92%] 3 (33%) [89%]
3 1 (4%) [96%] 1 (11%) [100%]
4 1 (4%) [100%] 0 [100%]

Data are number (%), mean – SD values, or median (25th percen-
tile, 75th percentile) as indicated.

aSelf-reported severe hypoglycemia (SH) event associated with
loss of consciousness or the need of assistance from others to
administer carbohydrate, glucagon, or other resuscitative actions.
Cumulative percentage is given in brackets. Data from five subjects
are missing (three in the continuous glucose monitoring [CGM] first
group, 2 in the self-monitoring of blood glucose [SMBG] first group).

HbA1c, hemoglobin A1c; NA, not applicable.
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Using a CGM satisfaction survey, out of a 5-point scale, the
overall score for Group A was 3.9 – 0.4, and that for Group B
was 3.8 – 0.5. Eighty percent of participants who completed
the study wanted to continue to use CGM once the research
study was over. The participants also thought that the CGM
made adjusting insulin easier. Over 80% thought that CGM
helped them prevent hypoglycemia and that it helped im-
prove management of hypoglycemia.

Discussion

We have shown that low-income patients with DM who
have had limited access to technology and advanced dia-
betes education can learn to use CGM. The strength of the
study was that it was the first to evaluate the utility of CGM
in a low-income, high-risk, primarily Latino population.
Other studies have shown that CGM use improves glycemic
control, but we were unable to show significant reductions in
HbA1c.3,8–10 Although time was spent in adapting educa-
tional material used in previous studies, this proved to be
less optimal for our population, perhaps because of their low
health literacy, baseline lack of DM knowledge and experi-
ence with new technology for diabetes management, and
difficulty in performing day-to-day self-adjustment in in-
sulin doses. Although DM education was given at the be-
ginning of the study, perhaps a longer period of education
on DM management was needed given the low baseline DM
knowledge. No home downloads were done, and no patients
analyzed trend data over time, much less observed trends
over time and adjusted accordingly.3,11,12 Other significant
limitations include lack of power due to small sample size,
poor retention, no run-in period, and no washout period to
avoid carryover effect. Recruitment was limited because of
the size and frequency of the clinic as well as a high no-show
rate, as well as the transient nature of our population. Future
studies need to address how to improve retention in this
high-risk population. The limitations of the study made the
duration of this study too brief to assess all the potential
benefits with CGM in this primarily low-income Latino
population.

In terms of individual preference, many of the patients
liked wearing the device and would have continued with it if

possible. Although it could be argued at this time that CGM is
ineffective in an underserved population, additional studies
are needed in this high-risk group to see how the use of newer
technology can be implemented to improve outcomes.
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FIG. 1. Box plots of hemoglobin A1c (HbA1c) at three time
points (baseline, Period 1, and Period 2) by treatment for all
the subjects who completed both phases of the study. The
open box denotes the 25th, 75th percentile, the solid line in the
box denotes the median, and solid circle denotes the mean
HbA1c level. CGM, continuous glucose monitoring; SMBG,
self-monitoring of blood glucose.
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