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New glucose metrics do not associate with carotid
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Abstract

Background
Patients with Type 1 diabetes (T1D) have increased cardiovascular morbidity and mortality.
Atherosclerosis is a progressive disease and can be detected non-invasively in the pre-clinical stage by
measuring intima-media thickness (IMT) and �ow mediated dilation (FMD). Glycated hemoglobin
(HbA1c) does not associate with IMT and FMD. We have designed the present study to evaluate whether
time spent in the target range, below the target range, and glycemic variability associate with common
carotid artery IMT and FMD in T1D.

Methods
78 T1D patients and 35 healthy control subjects were enrolled and underwent measurement of IMT and
evaluation of FMD after ischemia and during 6 min of hand-grip exercise.

Results
Mean age of participants was 34 ± 13 years; mean disease duration and HbA1c were 17 ± 9 years, and
7.7 ± 0.9% (61 mmol/mol). IMT was signi�cantly higher in T1D compared with controls (643 ± 196 vs.
536 ± 111 µ; p < 0.001) and FMD after ischemia signi�cantly lower (7.5 ± 4.1 vs. 10.1 ± 1.9%; p < 0.0001).
FMD evaluated during exercise every min up to 6 min was also signi�cantly lower in T1D (p < 0.0001). No
signi�cant relationship between IMT, FMD, and glucose metrics was found.

Conclusions
The present �ndings con�rm that young adult patients with T1D have clinically relevant early vascular
abnormalities. The absence of relationships with the glucose metric underlines the complexity of the
interplay between atherosclerosis and diabetes. It stimulates the search for new parameters or new cut-
offs better associated with the initial stages of the disease.

Background
Type 1 diabetes (T1D) is a well-established risk factor for cardiovascular disease (CVD), which still
represent the major causes of mortality in this group of patients. The risk for cardiovascular mortality is
up to six-eight times higher in T1D than in subjects without diabetes, and even two times higher than in
patients with type 2 diabetes (1, 2). Patients with T1D in the �rst decade of life have a risk of developing
CVD dramatically higher compared to patients developing T1D after the second and third decades of life
(3). The high risk of CVD in diabetic patients is attributable to several mechanisms, some of which are
linked to chronic hyperglycemia. Diabetes promotes the imbalance between atheroprotective and
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atherogenic properties of the endothelium reducing bioavailability of nitric oxide (NO), which is the
principal regulator of vascular tone and the major inhibitor of vasoconstrictors and pro-in�ammatory
molecules (4). Currently, atherosclerosis can be detected early in the preclinical stage. Markers of early
atherosclerosis and predictors of incident cardiovascular events are the thickening of the arterial wall and
the dysfunction of the endothelium. The ultrasound-based technique offers the opportunity to detect
these morphological and functional abnormalities, increasing the chance to individualize patients
requiring intensive treatment (5–9). Several papers have described the association between diabetes,
arterial wall thickening and endothelial dysfunction (10–15). It is interesting that preclinical
atherosclerosis in patients with diabetes correlates with age, disease duration, systolic blood pressure but
not with HbA1c (11, 12, 16). HbA1c is the gold standard for monitoring glycemia and predicting overt
micro- and macro-angiopathy. However, it does not re�ect the extent of glycemic excursion, the burden of
hypoglycemia, and the overall time spent in the target range in a speci�c time interval. This information
can be obtained by analyzing grouped daily blood glucose measurements. The recent introduction of
diabetes management software has enhanced the automated analysis of glucose data collected by self-
monitoring blood glucose (SMBG) and continuous glucose monitoring system (CGM). In detail, the
systems allow us to create and implement the use of new glucose metrics such as the percentage of time
spent in the target range (TIR), below the target range (TBR), above the target range (TAR), and glycemic
variability (GV) (17).

Two recent papers have described a close relationship between TIR and glycated hemoglobin (HbA1c)
using different data-sets from observational studies and randomized controlled trials (18, 19). On
average, a TIR of 70% corresponds to HbA1c of 7%. Unfortunately, prospective studies demonstrating the
predictive role of TIR on diabetes complications are lacking. Two retrospective studies and one cross-
sectional study have demonstrated a signi�cant and inverse relationship between TIR and the presence
of microangiopathy, speci�cally retinopathy and autonomic neuropathy (20–22). The results of these
studies have prompted us to investigate the association between TIR, TBR, TAR, and GV and subclinical
atherosclerosis detected by ultrasound in T1D patients. The hypothesis is that the overall time spent in
the target range, the burden of hypoglycemia, and the excursion of blood glucose rather than HbA1c
might associate with carotid wall thickening and brachial artery endothelial dysfunction.

Methods
Study design and Patients: This is an observational study including outpatients with T1D who were
monitoring glucose by CGM or by meters uploading glucose data into the Accu-Chek Connect diabetes
management system (DMS). Exclusion criteria were: known cardiovascular disease (myocardial
infarction, angina, stroke, TIA, peripheral arterial disease), use of vasoactive drugs as calcium channel
blocker, nitrates, beta and alfa blockers, use of hybrid closed-loop system or (predictive) low glucose
suspend, concomitance of diseases such as infection, surgery, and any acute event requiring
intensi�cation of insulin treatment, treatment with corticosteroids, and pregnancy. The research was
approved by the local Ethical Committee, and only patients who gave their informed consent were
enrolled in the study. Fasting plasma glucose (FPG) and HbA1c were measured at the time of the
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recruitment. HbA1c was measured by high-performance liquid chromatography aligned with DCCT
(HbA1c-DCCT); FPG was measured by commercially available kits. Disease duration and ongoing
treatment were obtained from clinical �les. As controls, age, and sex, comparable healthy subjects
without diabetes were recruited.

Novel glucose parameters TIR, TAR, TBR, mean daily glucose, and standard deviation were collected 2
weeks and 3 months before the vascular study by DMS uploading and analyzing CGM glucose data. The
most recent 2 weeks are a su�cient collection interval evaluating the overall time spent in the target
range. A more extended collection period offers a more robust evaluation of time spent in hypoglycemia
and glycemic variability (17).

Vascular study: The study was performed in the morning using an echo-Doppler Philips HD 11XE (Royal
Philips Electronics, the Netherlands) equipped with a 12–3 MHz linear array transducer and simultaneous
ECG recording, in a temperature-controlled (20-24°C) room, and after the patient was at rest for 10
minutes in the supine position. Participants were asked to abstain from exercise, alcohol, caffeine, food,
and smoking for 12 h before the study.

Participants were invited to extend the neck to visualize the common carotid artery (CCA) 1 cm below the
carotid bulb in three different projections, anterior, lateral, and posterior. The transducer position was then
adjusted to obtain an angle between the ultrasound beam and the longitudinal axis of the vessel at 90°.
The gain was �ne-tuned to improve the image of the intima plus media complex of the far wall de�ned as
the distance between the leading edge of the lumen-intima interface and the inner edge of the media-
adventitia interface. Images were then recorded for the o�ine measurement of intima-media thickness
(IMT) using a dedicated software (Autodesk® Design Review, BSA Italy) (23).

IMT was measured at the right and left CCA as the mean of the three projections. The maximal value
between those measured at the right and left CCA was used for statistical analyses and de�ned as mean
maximal IMT of CCA.

Eleven participants (6 with T1D and 5 healthy subjects) were studied twice apart to estimate the intra-
operator reproducibility of the IMT measurement expressed as the coe�cient of correlation between two
measurements (0.98).

The endothelial function of the brachial artery was evaluated in the non-dominant arm by two different
tests using ischemia and exercise as stimuli (24,25). Both stimuli cause a reduction of peripheral
resistance downstream to the brachial artery that, in turn, causes an increase of brachial artery blood �ow
velocity. This phenomenon, de�ned as reactive hyperemia, is responsible for the following brachial artery
dilation known as �ow-mediated dilation (FMD). The magnitude of FMD is proportional to the ability of
the endothelium to dilate in response to stimuli. FMD was expressed as the percentage change of
brachial artery diameter from baseline to the end of the test. Brachial artery internal diameter (ID) was
de�ned as the distance between the intima-lumen interface of the near-wall and lumen-intima interface of
the far wall. The two tests were performed on the same day at least 30 min apart, and the second test
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was not performed until the baseline brachial artery diameter was restored. In both tests, the brachial
artery was imaged ~3-4 cm above the elbow in the longitudinal section on the anterior side of the biceps
muscle keeping the angle between the ultrasound beam and the vessel at 90°. The gain was �ne-tuned
until the lumen-intima interface was clear. Images were recorded for o�ine measurement by the software
Autodesk1 Design Review (13).

Ischemic test was carried out by in�ating a pneumatic cuff around the forearm up to 250 mmHg and
maintaining in�ation for 5 min. Brachial artery ID was recorded at baseline, 1, 2 min, and 3 min after cuff
release.

An exercise test was performed using the handgrip manometer. Participants were instructed on how to
perform a maximal voluntary contraction (MVC) and a short bout of isometric handgrip exercise in a 2s
contraction:3s relaxation ratio with the non-dominant arm. The exercise test consisted of 12 contractions
min-1 for a total of 6 min of handgrip exercise at 30% intensity of MVC. MVC was evaluated at the
beginning of the visit to avoid any interference with vascular tests. The duration and the intensity of the
exercise were preliminarily established in healthy volunteers. Six min and 30% of MVC represented the
maximal contraction, ensuring an adequate vasodilation without systemic hemodynamic changes (heart
rate and blood pressure) and pain or fatigue.

FMD after ischemia was calculated using the following formula: [(after ischemia ID)-(baseline
ID)/(baseline ID)] ×100. The highest FMD among those calculated at 1, 2, and 3 min after cuff de�ation
was de�ned as peak FMD. FMD during exercise was expressed as percentage change from baseline and
calculated using the following formula: [(1-2-3-4-5-6- min exercise ID)-(baseline ID)/(baseline ID)] ×100.

The reproducibility of the FMD test after ischemia and exercise was calculated in 6 patients with T1D and
5 healthy subjects. Vascular studies were performed on two different days and in the same condition.
The coe�cient of correlation between the �rst and the second ischemic test was 0.99, and between the
�rst and the second exercise test 0.98.

Statistical analyses: All tests were performed using SPSS 23 for Microsoft (SPSS, Inc., Chicago, IL). 
Variables not normally distributed were time spent in hypoglycemia, and GV; non-parametric tests or 2-
Step Rank transformation before applying parametric tests were used. The sample size was calculated
using the correlation sample size formula for one group: N=[(Za+Zb)/C]2+3, where Za=1.96, Zb=0.842,
a=0.05 and b=0.20. Currently, no data are evaluating the association between glucose metrics and
preclinical atherosclerosis. Therefore, the expected correlation between glucose metrics and IMT, FMD in
T1D patients we used in the formula was 0.35 and set according to data concerning the association
between IMT, FMD, and age or disease duration (12). The total calculated number with an anticipated
drop-out=20% was 78.

Parameters were analyzed in T1D patients and patients divided according to the instrument used to
monitor blood glucose (SMBG and CGM group) or according to ongoing treatment [continuous
subcutaneous insulin infusion (CSII) and multiple daily insulin injection (MDI) group]. TIR, TAR, mean
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daily glucose, and standard deviation (SD) were collected from the diabetes management software. GV
was expressed as the coe�cient of variation (CV) calculated using the following formula: CV=(SD/mean
daily glucose). The t-test for paired data and Mann-Whitney U for unpaired data were used to compare
continuous variables between T1D and control group and between SMBG and CGM group, and between
CSII and MDI group. The Chi-squared test was used to compare the percentage between groups.
Repeated measures ANOVA test was applied to evaluate differences among arterial dilation detected for
every min up to 6 min of handgrip exercise in T1D and control group. The one-way ANOVA was used to
compare arterial dilation during exercise between SMBG and CGM groups, and between CSII and MDI
groups. The simple regression analysis was performed to evaluate the association between mean
maximal IMT, FMD (peak FMD and FMD at the 6th min of exercise) and age, disease duration, and
glucometric parameters; results have been shown as coe�cient of correlation and square of correlation.

Results
Seventy-eight patients with T1D who met inclusion criteria and 35 healthy control subjects were enrolled.
Mean age and male sex prevalence were comparable between T1D and control group. In detail, age
(mean ± SD): T1D 35 ± 13 years, control group 31 ± 13 years; male sex: T1D 59%, control group 65%.
Mean disease duration and HbA1c in patients with T1D were respectively 17 ± 9 years, and 7.7 ± 0.9%
(61 mmol/mol). Among T1D patients, 29 were monitoring blood glucose by SMBG, and 49 were using
CGM. Twenty-�ve were on CSII and 53 on MDI. No difference in age, disease duration, male sex, and
HbA1c was detected between SMBG and CGM. Patients in MDI were signi�cantly younger then CSII (MDI
31 ± 10 vs. CSII 44 ± 14 years, p < 0.0001), had a lower disease duration (MDI 15 ± 8 vs. CSII 21 ± 12 years,
p < 0.01), while male sex prevalence, and HbA1c were comparable.

Table 1 shows glucose metrics evaluated 2 weeks and 3 months before HbA1c measurement in T1D
patients. No statistically signi�cant difference was detected between two-time intervals.

Table 1
Glucose metrics measured over 2-week and 3-month time intervals before HbA1c in T1D patients.

  2 weeks 3 months

Percent TIR (%) 56 ± 15 55 ± 13

Percent TBR (%) 9 ± 11 8 ± 6

Percent TAR (%) 36 ± 16 36 ± 15

Percent CV (%) 41 ± 11 41 ± 9

TIR: Time In Range; TAR: Time Above range; TBR: Time Below Range; CV: Coe�cient of Variation.
Data are expressed as mean ± SD.

SMBG users spent more time in hypoglycemia than CGM at both intervals (TBR 2 weeks: SMBG 14 ± 
16vs. CGM 5 ± 5%, p < 0.001; TBR 3 months: SMBG 10 ± 7vs.CGM6 ± 4%, p < 0.03), and showed higher CV
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measured over 2 weeks (CV 2 weeks: SMBG 44 ± 16vs. CGM 39 ± 10, p < 0.03). No difference in metrics
was detected when patients were divided according to CSII and MDI treatment.

Table 2 shows mean maximal IMT, baseline brachial artery ID, and FMD after ischemia in T1D and
control subjects. Baseline brachial artery diameter was comparable between groups. Among T1D, 66 had
maximal dilation after 1 min, 4 after 2 min, and 8 did not dilate at all. All healthy subjects had maximal
dilation at 1 min. Mean maximal IMT CCA was signi�cantly higher, and FMD signi�cantly lower in T1D.

Table 2
Mean maximal IMT of CCA, baseline brachial artery diameter, and FMD after ischemia in patients with

T1D and control subjects.
Variable T1D Controls

Number 78 35

Mean maximal IMT of CCA (µ) 643 ± 196 536 ± 111*

Baseline brachial artery ID (mm) 3.4 ± 0.6 3.4 ± 0.4

Percent FMD 1 min (%) 7.5 ± 4.1 10.1 ± 1.9^

Percent peak FMD (%) 7.5 ± 4.0 10.1 ± 1.9^

IMT CCA: Intima plus media thickness of common carotid arteries. FMD: Flow Mediated Dilation.
Data are expressed as mean ± SD. ANOVA *p = 0.001; ^p = 0.0001.

Mean maximal IMT of CCA and FMD after ischemia were comparable in SMBG and CGM users. Mean
maximal IMT of CCA was signi�cantly higher in CSII patients (784 ± 246 µ) than MDI (577 ± 124 µ), p < 
0.0001, while FMD after ischemia was comparable.

FMD was then evaluated during exercise, and the curves representing the percent of dilation measured
every min up to 6 min in T1D and control subjects are displayed in Fig. 1. The percentage of dilation
progressively and signi�cantly increased in the two groups during exercise. However, FMD was
signi�cantly lower in T1D compared with control subjects at every min up to 6 min (ANOVA p < 0.0001).
Again, no signi�cant difference was detected between SMBG and CGM groups, while CSII patients
showed reduced FMD during exercise compared to MDI. Speci�cally, FMD during exercise was: 1 min CSII
1.4 ± 2.3 vs. MDI 2.2 ± 2.7; 2 min CSII 3.6 ± 3.3 vs. MDI 5.6 ± 3.5; 3 min CSII 3.8 ± 3.2 vs. MDI 5.9 ± 3.8;
4 min CSII 4.6 ± 3.3 vs. MDI 6.9 ± 3.6; 5 min CSII 4.9 ± 3.5 vs. MDI 6.9 ± 3.5; 6 min CSII 5.0 ± 3.6 vs. MDI
7.3 ± 3.6 (p < 0.02 at every min).

We have evaluated the association between mean maximal IMT, FMD, and glucose metrics (TIR, TBR,
TAR, CV), age, disease duration, and HbA1c in patients with T1D (Table 3). Age and disease duration were
the only independent variables associated with mean maximal IMT and FMD.
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Table 3
Coe�cient of correlation and square of the correlation between independent

variables signi�cantly associated with mean maximal IMT of CCA, FMD after
ischemia (peak), and FMD at the 6th min of exercise in patients with T1D.

  IMT of CCA (µ) Peak FMD (%) Exercise FMD 6 min (%)

  R/R2 R/R2 R/R2

Age 0.75/0.56* -0.26/0.10^ -0.29/0.10^

Disease Duration 0.48/0.23* -0.31/0.10^ -0.23/0.06#

*p < 0.0001; ^p < 0.02; #p < 0.05

In detail, for each 10 years of age, mean maximal IMT increased by 110 µ; for each 10 years of disease
duration, mean maximal IMT increased by 97 µ. As well for each 10 years of age, FMD after ischemia
(peak) and exercise (6 min) decreased respectively by 1% or 0.8%; for each 10 years of disease duration,
FMD after ischemia (peak) and exercise (6 min) decreased by 1.3% and 0.9%, respectively. The lack of
association between TIR and other metrics with IMT and FMD was also con�rmed in SMBG, CGM, CSII,
and MDI groups when analyzed separately.

In control subjects mean maximal IMT was directly associated with age (R 0.63, R2 0.40, p < 0.0001). No
association was detected between FMD and age.

Discussion
The main �nding of our study is that the new glucose metrics do not associate with markers of early
atherosclerosis, such as common carotid artery IMT and FMD.

Before discussing these results in detail, it is necessary to underline two �ndings of the present study—
�rst, patients with T1D exhibit higher IMT value, and lower vasodilation than healthy control subjects;
second, within patients with T1D, with increasing age and years of disease, IMT increases and FMD
decreases. These �ndings con�rm similar observations already known in the literature and demonstrate
that the data have been correctly collected and are consistent with what is expected (10–15).

The lack of association between glucose-metabolic control and early markers of atherosclerosis is,
therefore, disappointing. The possible explanations for this are manifold and are discussed below.

The chosen periods (2 weeks, 3 months) may be too short of in�uencing the measured atherosclerosis
markers. The 2-week time was chosen to check whether a proper glucose-metabolic control of even a few
days could affect endothelial function. The 3-month time, which more closely re�ects glycosylated
hemoglobin, was chosen to evaluate the effect of a more extended compensation period on both
endothelial function and arterial wall thickness. We cannot rule out that an extended glucose-metabolic
control period may have signi�cant effects on the measured vascular parameters. Furthermore, TIR
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indicates the percentage of values between 70–180 mg/dL overall the day. It does not explicitly identify
post-prandial hyperglycemic exposure, that is independently associated with CVD and endothelial
function (26, 27). The 70–180 mg/dl range may be too broad, and may not precisely separate patients
with proper metabolic compensation from those with less acceptable blood glucose. Another possible
explanation is that our measurement systems were not accurate enough to detect small differences, such
as those expected in this study. However, the measurement of IMT and FMD was done with very sensitive
instruments and following suggested protocols. Measurement of IMT is a well-standardized technique,
and despite mean maximal IMT in our T1D patients is below the value considered at high risk for incident
cardiovascular events, it is higher than IMT detected in healthy subjects with similar age. Two different
techniques have explored endothelial function; the widely used FMD technique with the induction of
forearm ischemia stimulating vasodilation and the original one, exercise FMD with the use of
standardized handgrip exercise (28, 29). Exercise at a submaximal level is a physiological stimulus able,
in a short time, to cause vasodilation without systemic cardiovascular adaptations. Therefore, even if
both techniques explore the endothelial NO pathway, the vasodilatory response may be earlier dumped
during exercise than after ischemia, which is a more intense stimulus. Clinical studies have demonstrated
that there is a signi�cant 8–13% higher cardiovascular risk for each percent point decrease in brachial
artery FMD (30, 31). FMD after ischemia was 7.5% in T1D, and 10.1% in control subjects; during exercise
6.6% in T1D, and 9.4% in controls, a difference higher than 1%. Again this �nding is worthy of attention
even if obtained from an observational study.

The present study also shows that hypoglycemia and glycemic variability are not associated with FMD
and IMT. The relationship between hypoglycemia and CVD is complex and strongly in�uenced by age,
disease duration, glycemic legacy, rate of severe hypoglycemic events, and comorbidities (32, 33).
However, hypoglycemia does not seem to affect IMT or endothelial function in non-frail patients without
longstanding uncontrolled hyperglycemia (34). GV has attracted research in the last years. Again, studies
indicate that variability de�ned as the rate of deviation from the target range in both directions might
predict cardiovascular events. An interesting paper has demonstrated how glucose �uctuations may
affect endothelial function (35). However, the lack of robust prospective data and the use of different
indexes describing GV still limit the interpretation of this parameter.

The present study has several limitations and some strengths. Among the limitations, again, we underline
the time range chosen to evaluate glycemic compensation, and the lack of information about fasting and
postprandial glycemia. About the �rst point, we have already explained why the two time periods have
been chosen. The evaluation of longer time interval should have taken into account several confounding
variables and went beyond the scope of the present study. About the last point, we may argue that more
information on fasting and postprandial glucose could have helped to understand if changes in the short
term can in�uence early markers of atherosclerosis. Further studies need to be planned in the future. The
strengths of the present study are the number of patients enrolled and the accuracy of the vascular
information.



Page 10/15

Conclusion
Our study demonstrates that new metrics do not help to identify patients with T1D and abnormal
morphology and function of extra-coronary arteries, at least in the setting we used in the current research.
Different molecules or pathways might be involved in the development of early atherosclerosis in patients
with T1D and without long disease duration. Our study reinforces the evidence that the damage of
vasculature occurs early in T1D, and all the efforts should be made to reduce the risk of cardiovascular
mortality and morbidity.
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Figure 1

FMD during hand-grip exercise in T1D and control subjects.


