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A B S T R A C T

Background: Continuous glucose monitoring (CGM) has demonstrable benefits for people living with diabe-
tes, but the supporting evidence is almost exclusively from White individuals with type 1 diabetes. Here, we
have quantified CGM profiles in Hispanic/Latino adults with or at-risk of non-insulin treated type 2 diabetes
(T2D).
Methods: 100 participants (79 female, 86% Hispanic/Latino [predominantly Mexican], age 54¢6 [±12¢0] years)
stratified into (i) at risk of T2D, (ii) with pre-diabetes (pre-T2D), and (iii) with non-insulin treated T2D, wore
blinded CGMs for 2 weeks. Beyond standardized CGMmeasures (average glucose, glucose variability, time in 70–
140 mg/dL and 70–180mg/dL ranges), we also examined additional CGMmeasures based on the time of day.
Findings: Standardized CGM measures were significantly different for participants with T2D compared to at-
risk and pre-T2D participants (p<0¢0001). In addition, pre-T2D participants spent more time between 140
and 180 mg/dL during the day than at-risk participants (p<0¢01). T2D participants spent more time between
140 and 180 mg/dL both during the day and overnight compared to at-risk and pre-T2D participants (both
p<0¢0001). Time in 70–140 mg/dL range during the day was significantly correlated with HbA1c (r=-0¢72,
p<0¢0001), after adjusting for age, sex, BMI, and waist circumference (p<0¢0001).
Interpretation: Standardized CGM measures show a progression of dysglycemia from at-risk of T2D, to pre-
T2D, and to T2D. Stratifying CGM readings by time of day and the range 140–180 mg/dL provides additional
metrics to differentiate between the groups.
Funding: US Department of Agriculture (Grant #2018-33800-28404) and NSF PATHS-UP ERC (Award
#1648451).
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Continuous glucose monitoring (CGM) systems have been avail-
able to support diabetes self-management for nearly two decades [1].
Based on evidence from clinical trials and real-world experiences,
clinical guidelines have been established to assess CGM data and set
glycemic targets for clinicians and people with diabetes [2] and guide
therapeutic decision making, e.g., designing interventions to improve
time in range (TIR) [3]. Furthermore, there is growing evidence that
CGM-based measures, like TIR, correlate with long-term complica-
tions, and therefore data from CGM may be used to supplement
HbA1c as a measure of glycemic status for people living with diabetes
[4].
Until now, CGM has been predominantly been used in adults and
children with type 1 diabetes (T1D) and to a lesser extent, individuals
using insulin for type 2 diabetes (T2D) [5–7]. There have been a few
studies examining CGM in non-insulin treated T2D or for individuals
without diabetes. Most published studies have been of short dura-
tion, often with small sample sizes and predominantly White partici-
pants. In the United States, T2D and associated complications
disproportionately impact underserved communities including
racial/ethnic minorities [8]. Previous studies of CGM in T2D also used
early-generation CGM systems that were less accurate than those
currently available, involved unblinded real-time CGM, or did not dif-
ferentiate between individuals with completely normal glucose toler-
ance and those with pre-diabetes [9,10]. Recently we have shown
that pre-diabetes is especially common among free-living Hispanic/
Latino adults [11].

For adults developing T2D, there appears to be a progression from
normal glucose tolerance to T2D based on deficient β-cell insulin
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secretion in the setting of insulin resistance resulting in abnormali-
ties in hepatic glucose production and peripheral glucose uptake
[12]. The natural history of progression from normal glucose toler-
ance to impaired fasting glucose (IFG), and/or impaired glucose toler-
ance (IGT), and eventually T2D has not been well defined in the
Hispanic/Latino community. Furthermore, in most populations, pre-
vious studies have focused on repeated measurements of blood glu-
cose and insulin levels [13]. This study aimed to compare CGM
profiles in predominantly Hispanic/Latino adults (most of Mexican
heritage) with non-insulin treated T2D to those with pre-diabetes
and those at-risk of T2D. In this study, the use of CGM provided
insights into fluctuations in glucose levels over time for a population
in whom we have previously shown that wearable technologies for
physiological monitoring are acceptable [14]. Additionally, for this
population, there are economic and social reasons for using technol-
ogy that has a minimal impact on daily living [15].

2. Methods

2.1. Ethics

This study was approved by an Independent Review Board
(Advarra IRB Study 2018–01793, Protocol 00036476). Following IRB
approval, and prior to participation in any activities, participants pro-
vided written informed consent to be enrolled in an observational
cohort study called Farming for Life (ClinicalTrials.gov number: NCT
03940300) [16]. Farming for Life began in February 2019 with partici-
pants recruited via bilingual (Spanish and English) outreach materials
and with help from bilingual community health workers through
community outreach, from existing programs, Hispanic/Latino-
focused community organizations, and local health and social serv-
ices.

Eligible and consented participants provided baseline demo-
graphic and clinical information on age, gender, self-reported race/
ethnicity, health insurance status, and whether participants had been
informed of a diagnosis of T2D by a qualified medical provider. Inclu-
sion criteria included adults ≥18 years of age with T2D for at least 6
months or self-reported as at risk for developing T2D using the Amer-
ican Diabetes Association diabetes risk assessment tool [17]. Exclu-
sion criteria included current or previous use of insulin, pregnancy,
or any active clinically significant disease or disorder which in the
investigator's opinion could interfere with participation in the study.
Height, weight, and waist circumference were measured following
the guidelines from the National Health and Nutrition Examination
Survey Anthropometry Procedure Manual, January 2016 [18]. Body
mass index (BMI) was then calculated using the Quetelet Index as
body weight (kilograms) divided by height squared (meters) [19].
Baseline measurements were also taken of finger-stick HbA1c (Sie-
mens DCA Vantage, Siemens Healthcare, Norwood, Massachusetts,
USA). Participants were stratified using HbA1c into at-risk (HbA1c <
5¢7%), pre-T2D (5¢7% ≤ HbA1c ≤ 6¢4%), and T2D (HbA1c> 6¢4%). Other
protocol details have been published elsewhere [16].

2.2. Continuous glucose monitoring

Participants were trained to wear CGM (Abbott Freestyle Libre
Pro) sensors using manufacturer educational materials under the
supervision of research staff. Participants were asked to wear the
CGM for 2 weeks after enrollment. Normal activities continued dur-
ing this time and the participants returned to the research site for
sensor removal at 2 weeks. On return, the CGM reader was connected
to https://www.libreview.com/ to create an individual participant
report. This duration of CGM use is based on data in type 1 diabetes
indicating that 14 days of CGM data correlates well with 3 months of
CGM data, particularly for mean glucose, time in range, and hypergly-
cemia measures [20]. After stratification by HbA1c level, 6
standardized CGM measures based on published recommendations
[2] were compared: (1) average glucose, (2) glucose variability mea-
sured as the coefficient of variation (% CV), (3) time in 70–140 mg/dL
(TIR70–140) range, (4) time in 70–180 mg/dL (TIR70–180) range, (5) time
below 70 mg/dL (TIR<70), and (6) time above 180 mg/dL (TIR>180). The
average glucose is calculated as the average of all glucose readings
during wear time. The coefficient of variation is computed as %CV ¼
100 ñ σ

μ, where σ and μ represent the standard deviation and average
of glucose readings respectively. The time in range (TIR) measures
were computed as the percentage of readings that were in the 70–
140 mg/dL, 70–180 mg/dL, <70 mg/dL, and >180 mg/dL ranges. For
CGM, there is a lack of prospective data on the relationship between
derived metrics and complications for adults with or at risk for non-
insulin treated T2D, but glucose profiles from non-diabetic subjects
suggest very tight glycemic control, with only brief postprandial
excursions >140 mg/dL [9]. Furthermore, in a study examining the
thresholds for CGM at which vascular disease can be detected, Lu and
colleagues reported time in ranges above 140 mg/dl were associated
with abnormal values for retinopathy and carotid intima-medial
thickness in 2893 Chinese adults with diabetes [21]. Consequently,
we also investigated novel TIR measures based on time of day (over-
night 12 am-6 am vs. rest of the day 6 am – 12 am) and on the glucose
range 140–180 mg/dL.

2.3. Statistical analysis

Data analyses were performed using MATLAB software (https://
www.mathworks.com/, V.R2019b). Between-group comparisons
were made using a Kruskal-Wallis test, followed by multiple compar-
ison testing using the Tukey's honest significance difference criterion.
For normally distributed data, differences were evaluated using the
Student's t-test; the Wilcoxon signed-rank test was used for paired
data not normally distributed. Pairwise correlation values were com-
puted using a Spearman's rank correlation test for continuous varia-
bles and using a point biserial correlation test when one of the
variables was categorical (e.g., sex). The association between TIR and
HbA1c were adjusted for the clinical predictors of age, sex, BMI, and
waist circumference using multiple linear regression analysis. Corre-
lations between the predictors was accounted for by multiple regres-
sion analysis with interaction terms. None of the participants had any
missing data for any of the variables of interest, namely age, sex, BMI,
waist circumference, race/ethnicity, HbA1c and CGM-based measures.
Statistical significance was expressed at the 5% level. Unless other-
wise stated, results are shown as mean ± standard deviation [SD].

2.4. Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the study and
had final responsibility for the decision to submit for publication.

3. Results

Starting in May 2019, 100 participants, predominantly Hispanic/
Latino, wore a blinded CGM for 2 weeks after enrollment (Table 1).
Participants were stratified by HbA1c levels into at-risk (HbA1c < 5¢7%,
n = 32), pre-T2D (5¢7% ≤ HbA1c ≤ 6¢4%, n = 40), and T2D (HbA1c> 6¢4%,
n = 28).

3.1. Use of continuous glucose monitoring

Participants wore the CGM for an average of 13¢7 ± 4¢0 days con-
sistent with International Guidelines [2,20]. Only 9% of participants
wore the CGM for less than 10 days. CGM consensus guidelines also
recommend that the devices are active at least 70% of the duration



Table 1
Demographic and clinical measurements for the participant cohort.

Total

Number of participants 100
(79 female)

Age (years) mean ± SD 54¢6 ± 12¢0
Female 54¢7 ± 11¢3
Male 54¢1 ± 15¢0

BMI (kg/m2) mean ± SD 31¢2 ± 5¢6
Waist circumference (cm) mean ± SD 101¢1 ± 12¢2

N Percentage
Race/ethnicity

Hispanic/Latino 86 86%
Non-Hispanic White 12 12%
Non-Hispanic Black 2 2%

Diabetes status (T2D) At-risk for T2D
(HbA1c < 5¢7%)

32 32%

Pre-T2D
(5¢7% ≤ HbA1c ≤ 6¢4%)

40 40%

T2D
(HbA1c > 6¢4%)

28 28%
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worn [2]. Here, participants had their CGMs active for 98¢8%±5¢0% of
the duration of CGM wear, with all but one of the 100 participants
having their CGM active at least 70% of the time. Fig. 1 summarizes
the CGMwear time statistics for the participant cohort.

3.2. Standardized CGM measures

Six standardized CGM measures, after stratification by HbA1c

level, are shown in Fig. 2. All measures show a progression from at-
risk to pre-T2D to T2D, with pairwise comparisons revealing that T2D
participants had statistically significant differences compared to at-
risk and pre-T2D participants (p = 0¢024 for TIR<70, p<0¢001 for all
other measures). Notably, the differences between the at-risk and
pre-T2D groups were significant only for glucose variability
(p = 0¢046) and TIR>180 (p = 0¢017). Supplementary Table 1 numeri-
cally details the median [interquartile range] values for the six stan-
dardized measures.

3.3. CGM analysis by time of day

Each participant's CGM readings over the 2-week period were
divided into two groups based on their recorded timestamps: (A)
overnight [12am-6am] and (B) rest of the day [6am-12am]. Fig. 3
shows the six standardized CGM measures of average glucose, glu-
cose variability, TIR70–140, TIR70–180, TIR<70, TIR>180 computed sepa-
rately for overnight and rest of the day. The data suggests that
Fig. 1. CGMwear time statistics for the participant cohort (n = 100). (a) Number of days par
average glucose (p<0¢0001) and glucose variability (p<0¢0001) during
the rest of the day were higher than overnight for nearly all partici-
pants as shown in Figs. 3(a) and 3(b). Fig. 3(c) demonstrates that for
the T2D group, TIR70–140 was significantly lower during the rest of
the day compared to overnight (p<0¢001). No significant differences
between their overnight TIR70–140 and rest of the day TIR70–140 were
observed for either the at-risk of T2D or the pre-T2D groups. How-
ever as shown in Fig. 3(d), the at-risk and pre-T2D groups had signifi-
cantly higher rest of the day TIR70–180 values compared to overnight
(p<0¢001 for both). On the contrary, the T2D participants had signifi-
cantly lower TIR70–180 during the rest of the day compared to over-
night (p<0¢001). At-risk and pre-T2D participants also had
significantly higher overnight TIR<70 than rest of the day TIR<70

(p<0¢0001) as can be observed in Fig. 3(e). T2D participants, on the
other hand, had significantly higher TIR>180 during the day compared
to overnight (p<0¢0001) as can be seen in Fig. 3(f). The complete sta-
tistical analyses comparing overnight and rest of the day values for
the standardized CGM measures are reported in Supplementary
Table 2.

We also compared the time between 140 and 180 mg/dL (TIR140–
180) for the 3 groups, stratified by time of day (Fig. 4). The rest of the
day TIR140–180 was significantly higher for the pre-T2D participants
compared to those at-risk (5¢4 [2¢0, 9¢7]% median [IQR] vs 1¢1 [0¢4,
3¢7]%, respectively, p<0¢01), while the overnight TIR140–180 was not.
The T2D group had both a higher overnight TIR140–180 (15¢2
[6¢8,35¢6]%) vs 0¢4 [0, 1¢5]% for the pre-T2D and 0 [0,0¢7]% for the at-
ticipants wore a CGM device (b) Percentage of time CGMwas active during wear time.



Fig. 2. Standardized CGM measures for n = 100 participants stratified by HbA1c. Boxplots shown as median (red), interquartile range (blue edges) and total range (black tails). Out-
liers shown as red dots. P-values for pairwise comparisons computed using Tukey's HSD criterion (ns: not significant, *:p<0.05, ⁎⁎:p<0.01, ⁎⁎⁎:p<0.001, ⁎⁎⁎⁎:p<0.0001). (For interpre-
tation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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risk groups, p<0¢0001) and a higher rest of the day TIR140–180 (27¢8
[18¢5,34¢3]%, p<0¢0001) compared to the at-risk and pre-T2D groups.

Additionally, we examined the relationship between HbA1c levels
and TIR70–140 stratified by time of day (Fig. 5). Overall, there was a
strong and significant negative correlation (r=−0¢72, p<0¢0001)
between rest of the day TIR70–140 and HbA1c across all participants
(Supplementary Figure 1a). Overnight TIR70–140 had a weaker asso-
ciation with HbA1c (r=−0¢38, p<0¢0001) (Supplementary Figure 1b).
We also found that HbA1c is significantly correlated with both rest of
the day TIR140–180 (r = 0¢76, p<0¢0001) and overnight TIR140–180
(r = 0¢63, p<0¢0001); however, this is driven primarily by pre-T2D
and T2D participants as most of the at-risk participants spend negligi-
ble time in this range.

We next aimed to quantify the association between the proposed
TIR measures with HbA1c after adjusting for potential confounders
including age, sex, BMI, and waist circumference. Race and ethnicity
were not included as covariates because of the overwhelming pre-
dominance of Hispanic/Latino participants (86%) of Mexican ethnicity



Fig. 3. Standardized CGM measures for at-risk (blue), pre-T2D (green), and T2D (red) participants computed separately for overnight (12am-6am) and rest of the day (6am-12am).
The 45∘ dotted line indicates equal values for overnight and rest of day; any participant below the line has a higher overnight value for that measure, whereas participants above
the line have higher rest of the day values for that measure. %CV: Coefficient of variation expressed as a percentage value. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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(80%), and no other self-reported racial or ethnic groups had numbers
large enough to add statistical value. We first performed a univariate
regression analysis to assess the relationship of individual predictors
with the HbA1c (Supplementary Table 3). Overnight and rest of the
day TIR70–140 were significantly associated with HbA1c (both
p<0.0001). BMI (p = 0.051) and waist circumference (p = 0.065) were
close to but did not achieve statistical significance. We then com-
puted the association between the time in range measures and HbA1c

after adjusting for age, sex, BMI, and waist circumference through a
multiple linear regression analysis (Table 2). After adjustment, rest of



Fig. 4. Time in 140 to 180 mg/dL range stratified by group and time (overnight versus
rest of day). At-risk participants denoted using blue dots, pre-T2D participants using
green dots, and T2D participants using red dots. The 45∘ dotted line indicates equal val-
ues for overnight and rest of day time in 140 to 180 mg/dL range. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of
this article.)

Table 2
Multiple linear regression model to predict HbA1c using proposed time in range
measures, correcting for age, sex, BMI, and waist circumference.

Regression
coefficient

Std. Error T-Statistic p-value

Intercept 8¢951 0¢676 13¢242 <0¢0001
Age −0¢004 0¢005 −0¢694 0¢49
Sex (Male) −0¢051 0¢155 −0¢328 0¢74
BMI −0¢013 0¢022 −0¢596 0¢56
Waist circumference 0¢008 0¢010 0¢831 0¢41
Overnight TIR70–140 −0¢004 0¢004 −0¢984 0¢33
Rest of the day TIR70–140 −0¢033 0¢004 −8¢925 <0¢0001
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the day TIR70–140 was still significantly associated with the HbA1c

(p<0¢0001). The regression result suggests that with every other vari-
able fixed, a 10-percentage point increase in the rest of the day TIR70–
140 would lead to an average decrease in HbA1c of 0¢33% in this
cohort. We also performed an identical linear regression analysis as
above using only the 86 Hispanic/Latino participants (Supplemen-
tary Table 4). We observed a nearly identical association of the rest
of the day TIR70–140 with the HbA1c with the regression coefficient
suggesting an average decrease in HbA1c of 0¢36% for a 10-percentage
point increase in the rest of the day TIR70–140.

To assess potential multicollinearity effects, we computed the
pairwise correlation among all variables included in the multiple lin-
ear regression model (Supplementary Figure 2). BMI and waist cir-
cumference were strongly correlated (r = 0.81) while rest of day and
overnight TIR70–140 were moderately correlated (r = 0.57). All other
Fig. 5. Relationship between overnight and rest of the day time in 70–140 mg/dL range
with HbA1c for all participants. Color bar representing HbA1c values varies from 5.0%
(dark blue) to 11.0% (dark red). The 45∘ dotted line indicates equal values for overnight
and rest of day time in 70–140 mg/dL range. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
pairwise correlations had an absolute correlation value lower than
0.25. We performed another regression analysis including interaction
terms for these two pairs of variables (Supplementary Table 5). Rest
of the day TIR70–140 was still the most significant predictor of HbA1c,
(p<0.0001) with overnight TIR70–140 being statistically significant as
well (p = 0.021). The interaction term is statistically significant
(p = 0.029) with a small associated regression coefficient (0.0002),
indicating that the strength of the relationship between the rest of
the day TIR70–140 and HbA1c varies slightly depending on the value of
the overnight TIR70–140.

4. Discussion

One of the main advantages of CGM is the ability to observe glyce-
mic excursions that cannot be captured using HbA1c or traditional
self-monitoring of blood glucose levels. Specifically, CGM provides a
variety of glycemic metrics that can be used to set glycemic targets,
guide therapeutic decision making, and potentially supplement
HbA1c as a measure of glycemic status for people living with diabetes
[2]. However, very few studies have been published on CGM in peo-
ple with non-insulin treated T2D, with pre-T2D, or from minority
communities. Further, there are no national or international guide-
lines currently focusing on racial and/or ethnic minority groups and
the use of CGM [22].

In this study involving predominantly Mexican-American adults
with or at risk of T2D, we used six standardized CGM measures and
found a distinct progression of dysglycemia from at-risk for T2D to
pre-T2D and finally to T2D. By stratifying using HbA1c, we found pro-
gressively higher average glucose levels, more glycemic variability,
and less time spent in the ranges between 70 and 140 and 70 and
180 mg/dL in the three groups. Furthermore, by comparing overnight
and rest of the day CGM time in range, we found additional dysglyce-
mia (higher average glucose and more glycemic variability) during
the day compared to at night. For participants with T2D, the time
spent between 70 and 140 and 70 and 180 mg/dL was also less during
the day. These findings may have clinical implications as they are
detectable changes in CGMmeasures that may be amenable to earlier
therapeutic - including nutritional - interventions to prevent the pro-
gression of T2D in at-risk populations [16]. These data suggest that
disturbances in CGM-derived glycemic excursions around mealtimes
support previous observations from epidemiological and experimen-
tal studies that elevated blood glucose following a meal is associated
with increased cardiovascular disease risk [23] and is the predomi-
nant contributor to elevated HbA1c [24]. It is also noteworthy that a
group of participants in this study were at-risk of T2D based on a risk
calculator from the American Diabetes Association or self-reported a
diagnosis of T2D. Previous studies have included mostly White par-
ticipants including individuals with normal glucose tolerance [25] or
for a shorter duration of monitoring [26].

During the progression from normoglycemia to T2D, previous
studies have suggested that there are measurable abnormalities in
insulin secretion and action resulting in overnight excess production
of glucose by the liver, which inhibits fasting glucose and insulin
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resistance and leads to impaired glucose tolerance at mealtimes
[27,28]. We observed that participants with pre-T2D spent signifi-
cantly more time in the 140–180 mg/dL range compared to those at-
risk of T2D during the day. This may suggest the early onset of IGT
and could provide a measure that captures progression from at-risk
to pre-T2D. For those with T2D, the time between 140 and 180 mg/
dL was higher overnight as well as during the day compared to the
other two groups. These measurable differences in CGM profiles in a
population that already faces a disproportionate burden of T2D may
offer opportunities for novel therapeutic interventions. A study enti-
tled Farming for Life using medical prescriptions for fresh vegetables
in the same population over 3 months showed measurable reduc-
tions in cardiometabolic risk including a modest improvement in
TIR70–180 [16].

There have been a few studies previously that analyzed CGM data
based on time of day. CGMmeasures separated by time of day akin to
ours have been computed in healthy, non-diabetic individuals else-
where [9]. In that study, the median time in the 70–140 mg/dL range
was 99% overnight and 96% during the rest of the day. Others have
calculated the mean absolute glucose excursion (MAGE) to assess
intraday glucose variability, which was found to increase from
patients with normal glucose regulation to those with impaired glu-
cose regulation to those with diagnosed T2D [29]. Others have used
blinded CGM in insulin-treated elderly inpatients to assess risk for
nocturnal hypoglycemia, defined as a CGM blood glucose of ≤70mg/
dL from midnight to 6 am [30]. Lower daytime (6 am −11 pm) aver-
age glucose and higher overall mean absolute glucose corresponded
with a higher risk for nocturnal hypoglycemia. The relationship
between TIR and HbA1c has been studied previously, with a moderate
to a high correlation between these two measures observed in both
T1D as well as T2D [31]. Our results suggest that this strong correla-
tion is driven primarily by the rest of the day glucose levels, and using
the proposed rest of the day TIR measure as opposed to the standard-
ized TIR measure may enable a more robust prediction of HbA1c.
However, this is not to negate the value of overnight CGM data as a
contributor to HbA1c levels and also the importance of recognizing
that marked glycemic variability at night can be an indicator of risk
of hypoglycemia in insulin-treated individuals [32].

In this study, the majority of participants were of Mexican-Ameri-
can heritage. U.S. Hispanics/Latinos, especially of Mexican origin,
bear a disproportionate burden of T2D [33]. T2D prevalence in Mexi-
can-origin Hispanic/Latino adults is nearly double that in non-His-
panic Whites, and rates of related complications are also higher [34].
Compounding this burden, Hispanics/Latinos are also a minority of
research participants, and those who are included are not representa-
tive of the background U.S. Hispanic/Latino population, which may
limit the generalizability of earlier studies [35]. In previous studies,
we have reported low rates of acculturation, food insecurity, a lack of
health insurance, and other social factors [16,36] known to impact
glycemic control for minority populations living with diabetes [37].
Similarly, we have also identified a high burden of cardio-metabolic
disease including pre-diabetes among the Hispanic/Latino population
in Santa Barbara [11]. When the Mil Familias longitudinal cohort of
Hispanic/Latino families impacted by diabetes [38] is compared to
the National Health and Nutrition Examination Survey (NHANES)
Hispanic T2D population, age and diabetes duration are relatively
well balanced and closely match after adjustment for gender,
whereas country of birth and duration of U.S. residence differ
(unpublished observation) [39,40]. We have shown recently that the
use of wearable technologies is both feasible and acceptable for this
population [14]. To date, studies of CGM have overwhelmingly
included White participants with T1D, with health insurance and
high levels of education [41]. Also, recent data suggest that race and
ethnicity may be independent factors influencing glycemic outcomes
and the risk of complications associated with subgroups of adults
with T2D [42]. With greater appreciation of the existence of such
subgroups, it is important to study CGM profiles with diverse racial
and ethnic characteristics as this has the potential to provide oppor-
tunities for more targeted approaches to therapy.

A major limitation of the study is the cross-sectional design of
participants with the absence of a control group. Also, participants
were enrolled in an observational cohort study and recruited via
bilingual (Spanish and English) outreach materials and with help
from bilingual community health workers through community out-
reach, from existing programs, Hispanic/Latino-focused community
organizations, and local health and social services, and were there-
fore not a random sample. In addition, determining the value of CGM
in predicting the risk of progression from at-risk to T2D will require
longitudinal analyses. Similarly, this study was a sub-group analysis
of a larger study and therefore a sample size was not calculated a pri-
ori. However, the number of participants and duration of CGM moni-
toring are similar to other related studies involving predominantly
non-Hispanic Whites [25,26]. Another limitation of the current analy-
sis is the use of the same time intervals, i.e., midnight - 6 am for over-
night and 6 am - midnight for rest of the day, across all participants
regardless of their sleep times. Combining newer wearables that
track sleep could help compute more robust overnight and rest of the
day measures. The measures we compute need to be validated on a
larger cohort of participants, and potentially across multiple 2-week
periods. Females formed nearly 80% of the cohort, so generalizability
to male individuals needs to be investigated. Further, this study did
not account for the dietary, exercise, and lifestyle patterns of the par-
ticipants. Previous studies have demonstrated links between timing
of food intake with obesity[43] and insulin sensitivity [44]. Timing,
duration, and intensity of physical activity can influence both fasting
and postprandial glucose levels up to 24 hours after the activity
[45–47]. Consequently, examining the proposed overnight and rest of
the day measures after accounting for these factors will be required
before incorporating these measures into clinical practice to supple-
ment standardized CGM measures. A recent study showed the choice
of manufacturer of the CGM device may have an impact on the mea-
sured glucose levels [48], and hence studies using multiple CGM
brands (Dexcom, Abbott, Eversense, for example) need to be per-
formed to standardize the proposed measures including the glucose
thresholds such as 70, 140, and 180 mg/dL.

In conclusion, we have shown that a pattern of dysglycemia is
observed increasingly from individuals at-risk of T2D to pre-T2D to
T2D. We note that the information provided by the HbA1c and stan-
dardized CGM measures such as average glucose, glucose variability,
and time in range, can be supplemented by computing the CGM
measures for overnight and rest of the day separately. We demon-
strate that the overnight and rest of the day time in 140–180 mg/dL
ranges can be used not only as an early indicator of progression from
pre-diabetes to diabetes but also to provide an understanding of the
physiology of diabetes progression (impaired fasting glucose vs
impaired glucose tolerance). In summary, we envision that the pro-
posed measures may complement the recommended CGM measures
in quantifying dysglycemia and risk of progression of T2D, and thus
help clinicians make more informed therapeutic recommendations.

Evidence before this study

Most research and clinical data using continuous glucose monitor-
ing (CGM) has been obtained overwhelmingly from White partici-
pants with type 1 diabetes. There is very limited experience in the
use of CGM in underserved racial/ethnic minority populations with
type 2 diabetes (T2D) not using insulin.

Added value of this study

In this study, we analyzed CGM profiles in predominantly Mexi-
can-American adults living with or at risk of developing non-insulin
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treated type 2 diabetes. Using standardized CGM measures such as
average glucose, glucose variability, and time in range, we found a
progression of dysglycemia across individuals at-risk of T2D, with
pre-T2D, and with non-insulin treated T2D. Dividing CGM readings
by time of day revealed that intra-day time in 70–140 mg/dL and
140–180 mg/dL ranges can provide early indicators of diabetes pro-
gression.

Implications of all the available evidence

The use of CGM in predominantly Mexican-American adults is fea-
sible and provides novel insights into the measurable differences in
glycemic profiles for individuals at risk of and living with T2D in a
population already facing a disproportionate impact from diabetes.
These findings from CGMmay facilitate novel therapeutic approaches
to reducing the risk of progression of T2D for this underserved popu-
lation.
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