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Relationship between continuous glucose ==

monitor (CGM)-assessed glycemic health
and biological markers of cardiovascular health
in adults

Joshua Robert Sparks'?

Abstract

Background Adults with overweight or obesity have a higher risk of the development of impaired glycemic health
and cardiometabolic disorders. Glycemic variability acts as a more sensitive assessment of glycemic health compared
to other clinical measures. Oxidative stress and diminished vascular health play a key role in the development of
cardiometabolic disorders.

Objective To examine the relationship between glucose concentrations and glycemic variability with biological
markers of vascular health and oxidative stress.

Methods Adults (n=28; body mass index=32.3 +6.3 kg/m?) completed 7-day continuous glucose monitoring. Per-
centage of time each day glucose concentrations were <70 mg/dL, 70-180 mg/dL, and > 180 mg/dL was evaluated.
Means of 24-h, waking and night sleep hours, maximum, minimum, and difference between maximum and minimum
(Max=Min) glucose concentrations were determined. Measurements of intra- and inter-day glycemic variability were
calculated. Fasting concentrations of glucose, vascular health marker nitric oxide (NO), and oxidative stress marker
myeloperoxidase (MPO) were measured, and the ratio of NO concentration to MPO concentration (NO:MPO) was
calculated (propensity to vasodilate).

Results MPO concentration negatively correlated with glycemic variability measured as the mean amplitude of
glycemic excursion (*=0.23, B=— 0.62, p=0.03), while the NO:MPO ratio positively correlated with fasting glucose
concentration (*=0.22, =3.79, p=0.01).

Conclusions Our findings suggest that an increased propensity to vasodilate relates to increased fasting glucose
concentration, while increased oxidative stress relates to decreased glycemic variability. These findings were unex-
pected and necessitates further research into the potential mechanisms of these findings for cardiometabolic health
in adults having overweight or obesity.
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Background

The prevalence of adults in the USA classified as hav-
ing overweight or obesity continues to increase and is
widely considered a major public health crisis of the cur-
rent generation (Hales et al. 2018, 2020; Centers for Dis-
ease Control and Prevention (CDC) 2023). Adults who
have overweight or obesity are at an increased risk of the
development of cardiometabolic disorders, such as type
2 diabetes mellitus and cardiovascular disease (CVD)
(Semlitch et al. 2019; NIH 2019; CDC 2023). However,
having overweight or obesity may not directly translate to
increased risk of CVD. Rather, a mechanism proposed is
an interaction between increased body weight status and
obesity-related insulin resistance causing changes in the
cardiovascular system, leading to CVD (Adeva-Andany
et al. 2019).

Oxidative stress has been shown to be elevated in
adults having overweight and obesity and elevates the
risk of development of CVD (Zheng et al. 2018; Ade-
nan et al. 2020; Gaman et al. 2020). When accumulation
exceeds detoxification of reactive oxygen species arises,
an induction of oxidative stress occurs, resulting in vas-
cular endothelium-related vasoconstriction (Sharma
et al. 2018; Ramana et al. 2019). Further, chronic hyper-
glycemia has been mechanistically related to degraded
vascular health and induction of oxidative stress, as
hyperglycemia is a known cause of increased free radical
activation and elevated reactive oxygen species (Luc et al.
2019).

Frequent or intensified fluctuations in glucose concen-
trations (i.e., glycemic variability) may contribute to dele-
terious complications linked to impaired glycemic health
and development of CVD (Verma 2018; Kim et al. 2018).
Glycemic variability has been utilized to determine gly-
cemic control, potentially acts as a more sensitive meas-
urement of glycemic health compared to traditional
clinical assessments, and has been found to be increased
in adults having overweight or obesity (Tejero et al. 2019;
Rodrigues et al. 2018). Further, glycemic variability posi-
tively associates with induction of oxidative stress in type
2 diabetes (Monnier et al. 2006, 2008; Salkind et al. 2014).
As technology has continued to advance, free-living gly-
cemic variability assessment has become a minimally
invasive procedure utilizing continuous glucose monitor-
ing (CGM).

Whether a relationship exists between 24-h free-living
glucose concentrations and glycemic variability with fast-
ing biological markers of vascular health and oxidative
stress in non-diabetic adults with overweight or obesity
has yet to be elucidated. Therefore, the purpose of this
analysis was to examine the associations between glu-
cose concentrations and measures of glycemic variability
determined by CGM with biological markers of vascular
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health and oxidative stress in non-diabetic adults having
overweight or obesity. The overarching hypothesis was
that lower glucose concentrations and glycemic vari-
ability would be associated with lower myeloperoxidase
(MPO) concentration, a measure of oxidative stress (Kle-
banoff 2005), and higher nitric oxide (NO) concentration,
a measure of vascular health (Palmer et al. 1998).

Methods

Data were obtained from baseline measures of two
randomized clinical trials (NCT: 02413866 and NCT:
03162991). Both trial designs have been described in
detail elsewhere (Wang et al. 2018; Sparks et al. 2020,
2021, 2022). Trial protocols were approved by the Uni-
versity of South Carolina Institutional Review Board, and
all participants signed an informed consent form prior to
participation. There were no repeat participants between
the two trials. The present analysis includes 28 partici-
pants that had valid CGM data and fasting venous blood
samples available for analysis at baseline, prior to either
trial’s intervention. All participant visits and testing were
completed by the same trained research staff and took
place in our research center at the University of South
Carolina.

Participants

Participants reported * 120 min of resistance or endur-
ance exercise per week during the previous 3 months,
had overweight or obesity (25 <BMI<40 kg/m?), iden-
tified as males or female, age 35-55 years, weight stable
(£2%) during the previous 3 months, and, for females, be
eumenorrheic or post-menopausal for > 1 year. Exclusion
criteria included any self-reported medical conditions
such as diabetes, CVD, chronic or recurrent respiratory
conditions (e.g., uncontrolled asthma or chronic obstruc-
tive pulmonary disease), active cancer, and eating or
neurological disorders, medications that affect metabo-
lism (e.g., thyroid medications, statins), psychological
issues, including but not limited to untreated depres-
sion and attention deficit disorder, excessive caffeine use
(>500 mg/day), smoking during the past year, pregnant
or lactating females, and/or unwillingness to provide
informed consent.

Measurements

Height, body weight, and body mass index (BMI)

Height and body weight were measured at the first base-
line visit using a stadiometer and an electronic scale that
was calibrated annually (CC Vaughan & Sons, Incor-
porated, Columbia, SC). BMI was calculated using
the following calculation: BMI (kg/m?*) =Body Weight
(kg) + [Height (m)]?.
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Continuous glucose monitoring (CGM)

A CGM device (Dexcom G4 Platinum Professional, San
Diego, CA, USA) was used to assess interstitial glucose
concentrations and was worn for 7 consecutive days. Par-
ticipants had a catheter inserted under the skin on the
preferred side of the abdomen with an attached sensor
and transmitter, approximately 2 cm to the side of the
umbilicus. Participants carried a recording device which
received and stored interstitial glucose concentration
readings every 5 min over the 7 consecutive days. The
Dexcom G4 Platinum Professional CGM device has been
validated and proven accurate against directly evaluated
blood glucose concentrations (Freckman et al. 2019; Fac-
chinetti et al. 2015). The CGM device was blinded so that
participants could not observe the live readings to deter
any alterations in diet, physical activity, or general life-
style, and participants were requested to maintain their
normal daily routine during the 7-day monitoring period.
Data were considered valid for analysis if participants
wore the device for at least 5 days including at least one
weekend day, with a minimum available glucose measure
over 20 h each day. Software provided by the manufac-
turer (Dexcom Studio 12.0.4.6) was used to download
and export CGM data to Excel datafiles.

Glycemia states and glucose concentrations

Percent (%) of time spent in hypoglycemia, time in range
(TIR), and hyperglycemia for each valid 24-h period
were calculated and expressed as the average of those
valid days. Hypoglycemia, in range, and hyperglycemia
were defined as glucose concentrations of<70 mg/dL,
70-180 mg/dL, > 180 mg/dL, respectively (Battelino et al.
2019). Daily means of 24-h, waking hours, and night sleep
hour glucose concentrations were calculated for each
valid day, and the average of those valid days was calcu-
lated. Maximum, minimum, and the difference between
maximum and minimum (Max—Min) glucose concentra-
tions were found for each valid day, and the average of
those valid days was calculated. Percent of time spent in
hypoglycemia, TIR, and hyperglycemia, and 24-h mean
glucose concentration were assessed from midnight to
midnight for each valid day. Maximum and minimum
glucose concentrations were assessed as the highest and
lowest glucose concentrations measured from midnight
to midnight for each valid day. Waking and night sleep
hours glucose concentrations were based around each
participant’s self-reported time in bed at night and time
out of bed the next day for each valid day, respectively.

Glycemic variability
The continuous overlapping net glycemic action of 1-h,
2-h, and 4-h (CONGA-1, CONGA-2, and CONGA-4)
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was calculated manually in Excel, while to calculate the
mean amplitude of glycemic excursion (MAGE) and
mean of daily differences (MODD) measures of glyce-
mic variability the Excel data were transferred into the
EasyGV Version 9.0.R2 (University of Oxford, Oxford,
England, UK), which is an Excel-enabled workbook that
utilizes macros. MAGE, CONGA-1, CONGA-2, and
CONGA-4, and MODD were calculated for each partici-
pant (Service et al. 1970; McDonnell et al. 2005; Nathan
et al. 2008; Kuenen et al. 2011; Rodbard et al. 2008).
MAGE and CONGA-1, CONGA-2, and CONGA-4 were
utilized as measurements of intra-day glycemic variabil-
ity for each valid day of wear time and averages of those
days calculated, while MODD was utilized as a measure-
ment of inter-day glycemic variability for all valid days
combined.

Fasting glucose concentration

For the first trial, participants had a blood sample col-
lected following a minimum of a 12-h fast (not includ-
ing water) at the first baseline visit (day 1). Fasting blood
samples were collected into a BD Vacutainer serum sep-
arator collection tube. Blood samples collected into the
serum separator collection tube were allowed 30-min
to separate on ice, centrifuged at 3000 rpm at 4°C for
20 min, and sent to the Student Health Center for serum
glucose analysis.

For the second trial, following a minimum of a 12-h
fast (not including water) at the second baseline visit (day
7), participants had a blood sample collected. Time the
blood sample was collected, recorded, and matched with
the CGM to establish fasting glucose time point. If the
fasting blood sample time point fell between CGM read-
ings, as the CGM assesses glucose concentrations every
5 min, the average between the previous and following
CGM concentration readings was calculated. The CGM-
assessed glucose concentrations have been validated with
venous blood glucose concentrations (Freckman et al.
2019).

Biological markers of vascular health and oxidative stress
Fasting venous blood samples collected were used to
determine biological markers of oxidative stress. The first
trial collected fasting blood samples into a BD Vacutainer
serum collection tube, while the second trial collected
into a BD Vacutainer EDTA plasma collection tube. Prior
to analysis, serum and plasma samples were thawed and
re-centrifuged at 3000 rpm and 4°C for 20 min to ensure
separation of any particulate.

Two biological markers, NO and MPO, were meas-
ured using two separate enzyme-linked immunoabsorb-
ant assays (ELISA). The NO ELISA kit (ThermoFisher
Scientific, Waltham, MA) quantitatively determines the
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concentrations of nitrate and nitrite, with>90% sample
recovery rate, in serum and plasma samples. The MPO
ELISA kit (Eagle Biosciences, Inc., Nashua, NH) quan-
tifies MPO utilizing a two-site “sandwich” technique
that binds to different epitopes of MPO. The ratio of
NO to MPO was calculated by the concentration of NO
divided by the concentration of MPO to examine balance
between vasodilation (NO) and vasoconstriction (MPO)
(NO:MPO ratio). All assays were performed and ana-
lyzed on the same day by the same trained research staff.

Statistical analysis

Statistical analyses were performed using SAS version
9.4 (Cary, NC). Participant characteristics were calcu-
lated and reported as mean and SD (Mean=+SD) as a
combined sample and for each trial. Descriptive statistics
were calculated for glucose concentrations, measures of
glycemic variability, and biological markers of vascular
health and oxidative stress. Participant characteristics
for the two trials were compared utilizing independent
sample t-tests, or Chi-square test when appropriate, to
determine if any variables were different between the two
trials. Multivariate linear regression analyses were per-
formed to examine the associations between fasting and
CGM-assessed glucose concentrations and glycemic vari-
ability with MPO, NO, and NO:MPO ratio. Adjustments
for trial involvement alone or trial involvement, age, and
BMI combined were performed to determine their influ-
ence on the relationship between the outcome variables
of interest. Further, adjustments for race and sex were
performed in addition to the initial adjustment for age,
BMI, and trial involvement. Exploratory analysis for
crude associations between fasting and CGM-assessed
glucose concentrations and glycemic variability with
MPO, NO, and NO:MPO ratio for each trial, race, and
sex were performed using Pearson product moment cor-
relations. A p value of<0.05 was considered statistically
significant.

Results

Participant characteristics

Participant characteristics are shown in Table 1 for all
participants and by trial for the trials separately. Over-
all, participants were approximately 70% female and
57% African American with 54% considered obese
(BMI>30 kg/m?). There were no differences between
the trials for participant age, sex or race composition,
body weight, or BMI (p > 0.58 for all). Glycemia measure-
ments, glucose concentrations, and measures of glycemic
variability (p >0.18 for all), as well as NO and MPO con-
centrations (p > 0.06 for both) were also similar. However,
the ratio of NO:MPO was significantly higher in trial 2
compared to trial 1.
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Association between glucose concentrations and measure
of glycemic variability with biological markers of vascular
health and oxidative stress

The NO:MPO ratio yielded a positive association with
fasting glucose concentration with a 1 unit increase in the
NO:MPO ratio relating to a 3.27 mg/dL increase in fast-
ing glucose concentration (p=0.02), which remained fol-
lowing adjustment for trial involvement alone (8=3.79,
p=0.01) (Table 2). After adjustment for age and BMI in
the model, the NO:MPO ratio no longer associated with
fasting glucose concentration (3=3.1, p=0.06) and con-
tinued to be insignificant when further adjustments for
race and sex in the regression modeling were performed
(5=3.64, p=0.06).

We further examined the relationship between meas-
ures of glycemic variability and biological markers of vas-
cular health and oxidative stress and found that a 1 unit
increase in MPO concentration related to a 0.66 mg/dL
decrease in MAGE, a 0.29 mg/dL decrease in CONGA-
2, and a 0.31 mg/dL decrease in CONGA-4 (p <0.04 for
all). The relationship between MPO concentration and
MAGE remained following adjustment for trial involve-
ment only (f=-— 0.62, p=0.03) (Table 2) and when
adjusting for age and BMI in the model (f=— 0.63,
p=0.03). However, following adjustment for age, BMI,
trial involvement, race, and sex, no glycemic variability
measures correlated with vascular health (p > 0.08 for all).

Association between glucose concentrations and measure
of glycemic variability with biological markers of vascular
health and oxidative stress by trial, race, and sex

As some of our findings were influenced by the inclu-
sion of trial involvement, race, and sex, we performed
exploratory analysis to determine the relationship by trial
involvement, race, and sex (supplemental data). Posi-
tive associations between MPO concentration with per-
cent of time spent in hypoglycemia (r=0.60, p=0.02)
and the NO:MPO ratio with fasting glucose concentra-
tion (r=0.51, p=0.05) were found in trial 1 participants
(Additional file 1: Table S1). However, there were no
associations found between any vascular health or oxida-
tive stress biological marker with CGM-assessed glucose
concentrations or glycemic variability in the second trial
participants (Additional file 2: Table S2).

When examining racial differences in our sample of
participants, there were a disproportionate number of
participants identifying as male or female between Cau-
casian and African American participants (p=0.02),
while African American participants were, on average,
shorter compared to Caucasian participants (p=0.002)
(Additional file 3: Table S3). Additionally, African
American participants had a higher concentration of
NO and greater NO:MPO ratio compared to Caucasian
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Table 1 Participant characteristics combined and by trial involvement
Combined (n=28) Trial 1 (n=15) Trial 2 (n=13)
Participant characteristics
Age (years) 46.0+6.1 454465 46.7+58
Sex (M/F) 8/20 3/12 5/8
Race (C/AA/AAA) 11/16/1 8/7/0 3/9/1
Height (m) 1.7£0.1 1.7£0.1 1.7£0.1
Body weight (kg) 926+214 933120 91.8+293
Body mass Index (BMI, kg/mz) 323+63 326+39 319+84
Glycemic measures, glucose concentrations, and measures of glycemic variability
CGM observations per day (n; % of max) 276.2+7.8;:96% 277.2+7.3;96% 2752 +8.5;95%
Hypoglycemia (% of day) 6.8+89 55+6.1 82+113
Time in range (% of day) 91.1+10 922+93 90.0+104
Hyperglycemia (% of day) 21+53 23+66 19436
Fasting (mg/dL) 9354150 93.0+142 941+164
24-h mean (mg/dL) 101.2+£16.7 994 +12.1 103.0£210
Wake time (mg/dL) 101.8+16.0 990+£11.2 104.7+20.0
Sleep hour (mg/dL) 103.0+16.0 103.1+10.1 102.9+21.1
Maximum (mg/dL) 14944257 1443 +21.2 155.0+29.7
Minimum (mg/dL) 69.8+14.4 69.0+10.8 70.7+17.8
Max-Min (mg/dL) 79.0+187 752+206 83.0+16.2
MAGE (mg/dL) 4304121 403+128 459+11.1
CONGA-1 (mg/dL) 193%50 186455 200+44
CONGA-2 (mg/dL) 233+6.3 225+69 241456
CONGA-4 (mg/dL) 255+6.6 244470 26.1+6.3
MODD (mg/dL) 19.9+45 195+4.1 203+49
Vascular health and oxidative stress biological markers
Nitric oxide (umol/L) 75.6+409 623+47.8 91.0+£250
Myeloperoxidase (ng/mL) 252482 268+8.7 232+76
NO:MPO ratio (umol/L:ng/mL) 331 2.6:1 4.2:1*

Data presented as Mean +SD

M, male; F, female; C, Caucasian; AA, African American; AAA, Asian/Asian American, number of observations per day (n; % of max) = (number of CGM observations per
day/maximum observations per day) x 100; Max-Min, maximum-minimum; MAGE, mean amplitude of glycemic excursion; CONGA-1, 2, and 4, continuous overall net
glycemic action of 1, 2, and 4 h; MODD, mean of daily differences, oxidative stress ratio = nitric oxide concentration (umol/L) + myeloperoxidase concentration (ng/mL)

*p=0.03 for the significant difference between studies when examining the NO:MPO ratio

participants (p=0.0004 and 0.001, respectively) (Addi-
tional file 3: Table S3). In Caucasian participants, no
associations were found between any vascular health or
oxidative stress biological marker with CGM-assessed
glucose concentrations or glycemic variability (Addi-
tional file 4: Table S4). Yet, in African American par-
ticipants NO concentration negatively associated
with percent of time spent hyperglycemic (r=—- 0.55,
p=0.02), MPO concentrations negatively associ-
ated with MAGE (r=- 0.55, p=0.03) and CONGA-2
(r=- 0.53, p=0.03), and the NO:MPO ratio positively
associated with MAGE (r=0.55, p=0.03) (Additional
file 5: Table S5).

Lastly, when examining sex differences in our sample
of participants, there were a disproportionate number

of participants identifying as Caucasian, African Amer-
ican, and Asian/Asian American between Male and
Female participants (p=0.0483), while female par-
ticipants were, on average, shorter compared to male
participants (p=0.0006) (Additional file 6: Table S6).
Additionally, female participants had higher wake
time and sleep hour glucose concentrations compared
to Male participants (p=0.0025 for both) (Additional
file 6: Table S6). MPO concentration negatively associ-
ated with CONGA-1 and CONGA-4 in Male partici-
pants (Additional file 7: Table S7; r=— 0.75, p=0.05 for
both), while the NO:MPO ratio positively associated
with fasting glucose concentration in female partici-
pants (Additional file 8: Table S8; r=0.47, p=0.04).
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Table 2 Adjusted regression analysis between glucose concentrations and measures of glycemic variability with biological markers of

vascular health and oxidative stress

Vascular health and oxidative stress biological markers

Nitric oxide (umol/L)

Myeloperoxidase (ng/mL)

NO:MPO ratio (umol/L:ng/mL)

r B SE p r

B SE [ r B SE p

Glycemia measurements (% of day)
Hypoglycemia 0.03 - 0.00 0.00 0.76 0.10
Time in range 0.04 0.00 0.00 043 0.02
Hyperglycemia 0.04 —0.00 0.00 0.32 0.10

Glucose concentrations (mg/dL)

Fasting 0.08 0.11 0.08 0.17 0.05
24-h mean 0.03 0.06 0.09 048 0.10
Wake time 0.05 0.06 0.08 049 0.07
Sleep hour 0.01 0.04 0.08 0.60 0.12
Maximum 0.05 0.04 0.13 0.77 0.13
Minimum 0.02 0.04 0.08 0.63 003
Max-Min 0.05 0.00 0.10 0.97 0.13
Measures of glycemic variability (mg/dL)
MAGE 0.06 0.02 0.06 0.74 0.23
CONGA-1 0.02 0.01 0.03 0.76 0.13
CONGA-2 0.02 0.01 0.03 0.82 0.15
CONGA-4 0.03 0.02 0.03 0.59 0.15
MODD 0.07 0.03 0.02 0.24 0.08

0.00 0.00 0.17 0.05 —0.00 0.01 0.40
—0.00 0.00 0.68 0.04 0.01 0.01 0.40
—0.00 0.00 0.12 0.00 —0.00 0.01 0.85

—-042 0.36 0.26 0.22 3.79 1.44 0.01
- 061 040 0.14 0.24 2.87 1.74 0.1
- 038 0.39 0.34 0.09 2.12 1.68 0.22
- 069 0.38 0.08 0.09 262 1.68 0.13
-093 0.60 0.14 0.10 333 2.69 0.23
-028 0.35 0.44 0.06 1.74 1.53 0.27
—0.65 0.44 0.15 0.08 1.59 1.99 043
—0.62 0.27 0.03 0.13 1.79 1.25 0.16
—0.20 0.12 0.10 0.08 0.65 0.52 0.22
-0.28 0.14 0.06 0.08 0.82 0.66 0.23
—-0.30 0.15 0.06 0.09 0.96 0.69 0.18
-0.15 0.1 0.18 0.10 0.74 047 0.13

This table presents findings from regression analysis adjusted for trial involvement (categorical) with dependent variable set as glycemia measurements, glucose
concentrations, or measures of glycemic variability and prediction variable as nitric oxide, myeloperoxidase, or the NO:MPO ratio. Data represented as R-square (%), 8
estimate (B), standard error (SE), and p value (p) with bolded entries corresponding to significant values (p <0.05)

Max-Min, maximum-minimum; MAGE, mean amplitude of glycemic excursions; CONGA-1, -2, -4, continuous overall net glycemic action of 1, 2, and 4 h; MODD, mean

of daily differences; NO:MPO ratio, nitric oxide to myeloperoxidase ratio

Discussion

To our knowledge, this is the first analysis that exam-
ined the relationship between mean 24-h free-living
glucose concentrations and glycemic variability with
biological markers of vascular health and oxidative
stress in non-diabetic adults having overweight or obe-
sity. Notably, the NO:MPO ratio positively correlated
with fasting glucose concentration, which suggests that
higher fasting glucose concentration relates to lower
vasoconstrictor and higher vasodilator properties. This
was unexpected as lower fasting glucose concentra-
tion was hypothesized to relate to higher NO concen-
tration and lower MPO concentration. A similar trend
was observed when examining the relationship between
MPO concentration and measures of glycemic variabil-
ity, which suggests that greater glycemic oscillations
relate to lower concentrations of circulating MPO.
Most of these relationships persisted following adjust-
ment for covariates. However, once adjusting for trial
involvement, age, and BMI in the regression model,
only MAGE remained negatively correlated with MPO
concentration.

Relationship between glucose concentrations
and glycemic variability with oxidative stress
The relationship between glucose concentrations and gly-
cemic variability with vascular health and oxidative stress
has only been evaluated in type 1 and type 2 diabetics
(Saisho 2014). Evidence supports that vascular impedi-
ments exist in diabetic patients due to chronic hyper-
glycemia and greater postprandial glucose fluctuations
(Giugliana et al. 1996; Monnier et al. 2006). However, no
studies have examined the relationship between free-liv-
ing glucose concentrations and glycemic variability with
biological markers of vascular health and oxidative stress
in non-diabetic adults having overweight or obesity.
Current evidence suggests contraindicatory findings
when examining the relationship between fasting glu-
cose and NO concentrations. It has been hypothesized
that chronic hyperglycemia acts to uncouple receptor-
mediated signal transduction and decrease bioavail-
ability of NO synthase substrates and cofactors essential
for synthesis of NO (Honing et al. 1998). Li et al. (2004)
found that experimentally increased activation of the
NO pathway partially contributed to skeletal muscle
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glucose uptake (Li et al. 2004). Furthermore, Hoshiyama
et al. (2003) found that experimentally high-level glu-
cose exposure reduced nitrite levels and subsequently
decreased NO production, but upregulated endothelial
cell NO synthase protein expression (Hoshiyama et al.
2003).

However, Cosentino et al. (1997) found that experi-
mentally increased glucose exposure increased NO syn-
thase and subsequent NO release (Cosentino et al. 1997).
More recently, Adela et al. (2015) observed a significant
positive relationship between fasting blood glucose and
NO concentration in patients diagnosed with type 2 dia-
betes mellitus, while also providing evidence that experi-
mentally high glucose exposure increases NO production
(Adela et al. 2015). These findings suggest that the mech-
anisms by which high glucose concentration simultane-
ously increases NO synthase expression and production
may be due to an increase in glucose-induced endothelial
cell NO gene expression and activation related to dimin-
ished vascular function in those with impaired glycemic
health. Based on previous findings, along with the find-
ings in our trial, it may be hypothesized that, even in the
absence of glycemic dysfunction, participants with higher
fasting glucose concentration may have higher activation
of NO synthase and in-turn greater NO production com-
pared to those with lower fasting glucose concentration.

MPO concentration, a potent vasoconstrictor and
measure of declined vascular health, negatively associ-
ated with MAGE, CONGA-2, and CONGA-4 measures
of glycemic variability. The relationship between glyce-
mic health and MPO has been previously investigated
but have arrived at contradictory conclusions. Zhang
et al. (2015) found that fasting glucose and MPO con-
centrations were positively associated with one another,
with increases in glucose concentration directly relating
to increases in MPO concentration in non-diabetic adults
with acute coronary syndrome (Zhang et al. 2015).

Yet, Uchimura et al. (1999) found that fasting glucose
concentration was higher and MPO concentration was
lower in non-insulin dependent type 2 diabetes mellitus
compared to non-diabetic controls but found no rela-
tionship between fasting glucose and MPO concentra-
tions (Uchimura et al. 1999). Furthermore, a previous
trial in adult patients with type 2 diabetes mellitus found
that those with poor glycemic control had lower MPO
activity compared to those with optimal glycemic con-
trol (Unubol et al. 2015). Poor glycemic control in type
2 diabetes patients may contribute to hyperglycemic-
associated loss of physiological function, which may sub-
sequently lead to decreased circulating MPO (Brownlee
2001; de Souza Ferreira et al. 2012). Thus, our results are
consistent with some of the literature; however, our par-
ticipants were non-diabetic and most previous literature
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have suggested these findings in adults with cardiovas-
cular complications or diagnosed with type 2 diabetes
mellitus.

Strengths and limitations

The primary strengths of this trial include the use of
CGM technology to assess glucose concentrations and
glycemic variability, which allows for the observation of
a free-living environment as opposed to standard clini-
cal measures. The primary limitation to this analysis is
that the participants were from a convenience sample of
adults (35-55 years of age) having overweight or obesity
and not diagnosed with type 2 diabetes or taking any dia-
betic medications. Other limitations include the small
sample size, which was not assessed for a priori statisti-
cal power analysis. As shown in our regression analysis,
adjusting for sex and race as categorical covariates in
the model eliminated previous significant findings, thus
necessitating further research in sex and race differences
in these outcomes of interest. However, crude exami-
nation by sex and race expressed there are differences
within these examinations, which may warrant further
investigation with larger sample sizes. Lastly, the differ-
ence in measurement time point and method of obtain-
ing fasting glucose concentration between the trials, as
well as sample type (serum versus plasma) utilized for
measurement of biological markers of vascular health
and oxidative stress, may cause potential error. However,
many of these relationships persisted when adjusting for
trial involvement and previous literature has established
that glucose concentrations assessed by CGM are valid
against venous blood samples (Freckman et al. 2019).

Conclusions

NO:MPO ratio was found to be positively associated with
fasting glucose concentration, while MPO concentra-
tion was negatively associated with MAGE, CONGA-2,
and CONGA-4. After adjustment for trial involvement,
age, and BMI, many of these relationships remained sig-
nificant, which leads us to support our claims that gly-
cemic variability is related to oxidative stress. However,
this relationship may be different than previous literature
suggests in type 1 and type 2 diabetic adults as our find-
ings were unexpected, yet remain speculative based on
previous contraindicatory findings.
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