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Abstract: Diabetes mellitus is a metabolic disorder with a complex etiology in which glycemic dynamics are disturbed and the body
is unable to maintain the process of glucose homeostasis through the pancreas. Persistent symptoms of high blood glucose or low
blood glucose may lead to diabetic complications, such as neuropathy, nephropathy, retinopathy, and cardiovascular diseases.
Glycemic variability which can represent the presence of excessive glycemic excursions is an indicator for evaluating glucose
homoeostasis. Limiting glycemic variability has gradually become an emerging therapeutic target in improve diabetes metabolism
and prevent associated complications. This article reviews the progress of research on the various quantifiable parameters of glycemic
variability and their relationships with vascular lesions and mechanisms.
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Introduction

Diabetes is a common lifelong chronic disease whose prevalence continues to increase worldwide. The chronic high
blood glucose levels caused by the disease have a negative impact on the blood vessels, leading to the development of
several diabetes-related vascular diseases, such as diabetic microvascular complications and diabetic macrovascular
complications.' Research has shown that people with diabetes are 2—4 times more likely to develop cardiovascular and
cerebrovascular disease than those without diabetes. Pre-diabetes also increases the risk of developing macrovascular
disease.” Patients with type 2 diabetes mellitus (T2DM) and heart failure have a significantly increased risk of death.’ In
addition, hyperglycemia can also damage the small blood vessels of the kidney, leading to the development of diabetic
nephropathy (DN).* The onset and progression of these complications in people with diabetes continually reduces their
quality of life and even threatens their lives.

Chronic low-grade inflammation is common in patients with diabetes and is considered one of the major factors
contributing to diabetes-related complications. Recent studies have shown that a novel adipokine, neuregulin-4 (Nrg-4),
can regulate glucose and lipid metabolism, reduce chronic inflammation and predict the risk of microvascular complica-
tions in patients with early-stage T2DM.> Serum levels of Nrg-4 are negatively correlated with glycated hemoglobin Alc
(HbAlc), fasting plasma glucose (FPG) and microalbuminuria. The inflammatory marker C-reactive protein (CRP) is
also considered an independent risk factor for DN.® The monocyte/lymphocyte ratio (MLR), a novel inflammation index,
is significantly positively correlated with microalbuminuria’ and has some predictive power for diabetic retinopathy
(DR).® In addition, glycemic fluctuations, also known as glycemic variability, are important factors in the development of
diabetes-related complications. Previous studies have shown that dynamic fluctuations in blood glucose between high and
low levels can activate oxidative stress pathways, exacerbate endothelial cell dysfunction and chronic inflammation,
promote platelet activation, alter gene expression, and consequently lead to vascular damage, increasing the risk of
diabetes-related complications.” ' In recent years, the assessment of blood glycemic variability has been increasingly
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enriched. More and more research studies have shown that parameters of blood glycemic variability calculated from
values such as glycated HbAlc and FPG are associated with complications in patients with diabetes. In assessing the risk
of related complications in patients with diabetes, it has been found that the higher the index of blood glycemic
variability, the higher the risk of complications. At the same time, studies have also shown that controlling blood
glycemic variability within a certain range can reduce the occurrence and development of complications in patients with
diabetes.

With the widespread use of blood glucose monitoring systems and electronic health records, clinicians and patients
with diabetes have gained a better understanding of blood glycemic variability over the course of a day or over longer
periods of time. Blood glycemic variability indices can be calculated using different blood glucose monitoring methods.
Both long-term and short-term blood glycemic variability indices correlate with the onset and development of diabetes-
related complications. However, different blood glycemic variability indices have different clinical significance for
different diabetes-related complications. Domestic and foreign researchers are continuously exploring and identifying
more quantitative indices representing blood glycemic variability and their correlation with diabetes-related complica-
tions. They have confirmed that various quantitative indices evaluating long-term and short-term blood glycemic
variability are to some extent correlated with the risk of all-cause mortality, cardiovascular and cerebrovascular diseases,
and microvascular complications in patients with diabetes. To overview the current state of research, we searched
PubMed using the terms diabetes, glycemic variability, glucose fluctuation, hyperglycemia, and vascular complications.
This review summarizes various quantitative parameters of short-term and long-term blood glycemic variability and their
correlation with the occurrence and development of macrovascular and microvascular complications in patients with
diabetes. The aim is to improve the implementation of glycemic control in clinical practice and to predict, prevent, delay
and reduce the occurrence and development of related complications in patients with diabetes.

Glycemic Variability

Definition of Glycemic Variability

Glycemic variability (GV), also known as blood glucose fluctuations, refers to the dynamic changes in blood glucose
levels between low and high levels in the body, which can provide more information about blood glucose changes. It
includes short-term blood glycemic variability, such as within-day and between-day variability, as well as long-term
blood glycemic variability over weeks, months, or years.'> Most studies use FPG, glycated hemoglobin Alc (HbAlc),
and other parameters to represent glycemic variability.

Methods for Monitoring Glycemic Variability
Monitoring parameters mainly include amplitude, which reflects the degree of blood glycaemic variability, and
frequency, which reflects the variability of blood glucose over time.'* Those measurements can be done using sensors
of continuous glucose monitoring (CGM) and self-monitoring of blood glucose (SMBGQG). Studies have shown a good
correlation between SMBG and CGM blood glucose levels.'

Parameters of Glycemic Variability
Parameters of the Short-Term Glycemic Variability
Mean of Daily Differences (MDD): The best parameters for assessing intra-day glycemic variability, reflecting the
repeatability of daily glucose fluctuations.'® Tt is calculated by taking the absolute difference between corresponding
measurements over 2 consecutive days and calculating the average.'’

Average Glucose Profile (AGP): Reflects whether there is daily synchrony in blood glucose patterns within a given

time period, usually expressed as the IQR of the AGP.'*!!7

13 and

Coefficient of variation (CV): (standard deviation/mean) x 100%, is a parameter independent of the mean
reflects only the magnitude of glucose variation.
Standard deviation (SD): The arithmetic square root of the variance, which represents the distribution of blood

glucose readings around the mean or variability. SD is strongly influenced by average blood glucose.
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Mean amplitude of glycemic excursions (MAGE): The average value obtained by taking the first valid direction of
fluctuation to calculate the magnitude of the blood glucose fluctuation after removing all fluctuations that do not exceed
a certain threshold (usually 1 SD).

Time in Range (TIR): The percentage of time spent in the target glucose range (70—-180 mg/dL or 3.9-10.0 mmol/L)
within 24 hours.'®

Time above range (TAR): The time that glucose is above the target range (181-250 mg/dL or 10.1-13.9 mmol/L)."®

Time below range (TBR): The time that glucose is below the target range (<70 mg/dL or 3.8 mmol/L) and (<54 mg/
dL or 2.0 mmol/L).

Incremental glucose peak (IGP): Calculated by subtracting the FPG from the absolute glucose peak (AGP)."”

Glycemic variability percentage (GVP): GVP = (L/L0-1) x 100%, where L and LO are the lengths of the true
glycemic variability trajectory and the no glycemic variability trajectory, respectively, within a given time period.

Parameters of Long-Term Glycemic Variability
HbAlc, FPG and postprandial plasma glucose (PPG) are mostly used in long-term glucose fluctuation clinics with
multiple long-term follow-ups, and the variability is expressed as CV, SD, VIM, etc.

Visit-to-visit variability (VVV): During long-term follow-up, FPG and HbAlc are measured at certain intervals and
standardized to obtain the blood glycemic variability of multiple time periods, namely FPG-VVV and HbA1c-VVV.?
SD, CV, VIM, and ARV can all be used as indices of VVV.

Variation Independent of Mean (VIM): Logarithmic curve fit. VIM = SD/mean®, where P is the regression coefficient
based on the In of the SD over the In of the mean.?'

Average Real Variability (ARV): Refers to the average difference between consecutive values; ARV can roughly
estimate the variation of each episode, rather than simply calculating the dispersion of the data.'?

HbA lc variability: Reflects long-term blood glucose fluctuations; expressed using CV, SD, VIM, and other para-
meters to measure its variability.

HbA 1c¢ variability score (HVS): Reflects long-term blood glucose fluctuations, and HVS refers to the percentage of
HbA lc measurements with a change of at least 0.5% from the previous measurement."?

FPG and PPG variability: Reflects long-term fasting and postmeal glucose fluctuations; expressed using CV, SD,
VIM, ARV, and other parameters to measure their variability.'* (Table 1)

Glycemic Variability in Diabetes Mellitus and Its Association with Some
Complications

Mechanisms Research

Oxidative Stress

Oxidative stress refers to the imbalance between cellular pro-oxidants and antioxidants.”> High glycemic variability can
exacerbate oxidative stress and accelerate cell apoptosis and damage.”* High blood glucose, glycemic variability, and
hypoglycemia are all associated with the production of reactive oxygen species (ROS). Hyperglycemia promotes the
production of advanced glycation end products (AGEs) by inducing excessive ROS and oxidative stress (OS), activating
protein kinase C (PKC), and promoting overactivity of the hexosamine and polyol pathways, leading to the development
of insulin resistance, impaired insulin secretion, and endothelial dysfunction. Research suggests that compared with
chronic hyperglycemia, GV is associated with increased production of ROS leading to vascular damage, possibly through
the same mechanisms as hyperglycemia, but may also have adverse effects associated with hypoglycemia.>*?
Hypoglycemia may also play an important role in promoting diabetic vascular complications through OS, inflammation,
thrombotic events, and endothelial dysfunction.”?

Activation of Inflammatory Response

Diabetes mellitus is a chronic low-grade inflammatory disease. Activation of the inflammatory pathway is critical for the
onset and development of complications in patients with diabetes.””> On one hand, hyperglycemia can activate the immune
response within the islets, promoting the synthesis and release of inflammatory factors such as IL-1f3, TNF-a, IL-6 and
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Table | Evaluation Parameters for Short-Term and Long-Term Blood Glucose Fluctuations

Parameters of Glycemic Measurement | Definition
Variability Methods

Parameters of the short-term

glycemic variability

MDD SMBG, CGM Calculate the absolute value of the difference obtained by subtracting the corresponding
measurements over 2 consecutive days and then calculate the mean value.??

AGP CGM The distribution of glucose data for a given time point is usually expressed in the form of
IQR of AGP'®'7??

Ccv SMBG, CGM It was used to measure the stability of blood glucose.

SD SMBG, CGM The magnitude of the change in blood glucose compared to the mean blood glucose.

MAGE SMBG, CGM Mean difference between peak and minimum values

TIR SMBG, CGM The percentage of time within the target range of glucose levels, 70—-180 mg/dL (3.9—-10.0
mmol/L), within a 24-hour period.'?

TAR SMBG, CGM 181-250 mg/dL (10.1—13.9mmol/l)."”

TBR SMBG, CGM <70 mg/dL (3.8 mmol/l) and <54 mg/dL (2.0mmol/l)

IGP CGM IGP=AGP - FPG.*°

GVP SMBG, CGM GVP= (L/Lo-1) x100%

Parameters of the long-term
glycemic variability

VW SMBG, CGM The inter-following variability of FPG and HbAc is assessed using FPG and HbAlc
obtained from measurements over multiple time periods.2| SD, CV, VIM and ARV can all
be used as indices of VVV.

VIM SMBG, CGM Calculations based on logarithmic curve fitting. VIM=SD/mean”

ASV SMBG, CGM Average of the differences between consecutive values.

Variability of HbAIc SMBG, CGM Reflects long-term blood glucose fluctuations and expresses its variability in terms of CV,
SD, VIM, etc.

HVS SMBG, CGM The proportion of the number of HbAlc changes 20.5% from the previous time in the

total number of HbAIc measurements.”
Variability of FPG and PPG SMBG, CGM It was used to estimate the variability of fasting and postprandial glucose over a follow-up
period of months or years, the variability is expressed in terms of CV, SD, VIM, ARV,

etc.??

Abbreviations: AGP, Average glucose profile; ARV, Average real variability; ASV, Average successive variability; CGM, Continuous glucose monitoring; CV, Coefficient of
variation; GVP, Glycemic variability percentage; HbAlc, Hemoglobin Alc; HVS, HbAIc variability score; IGP, Incremental glucose peak; MAGE, Mean amplitude of glycemic
excursions; MDD, Mean of daily differences; PPG, Postprandial plasma glucose; SD, Standard deviation; SMBG, Self-monitoring of blood glucose; TAR, Time above range;
TBR, Time below range; TIR, Time in range; VIM, Variation independent of the mean; VVV, Visit-to-visit variability; IQR, interquartile range.

VCAM-1 into the blood, creating a local microenvironment with them. Within this microenvironment, immune cells are
activated, initiating an inflammatory response that worsens insulin resistance and further impairs islet function.”*** On the
other hand, blood glucose fluctuations promote the production of inflammatory factors such as IL-6 and TNF-a, exacerbating
the occurrence and development of microangiopathy in patients with diabetes.?” At the same time, inflammatory factors
associated with blood glucose fluctuations become more active. They not only damage pancreatic p-cells, inducing apoptosis
and impairing B-cell function and insulin secretion, but also exacerbate blood glucose fluctuations, creating a vicious cycle.?®

Endothelial Cell Damage

Endothelial cell damage is a key indicator of diabetic vascular complications. Fluctuations in blood glucose levels
stimulate the production of cytokines, adhesion molecules, and apoptotic genes, leading to endothelial damage in both
larger vessels and microvessels, ultimately compromising vasodilator function.””*® Fluctuating hyperglycemia also
increases susceptibility to oxidative stress, which further exacerbates endothelial cell damage and results in impaired

vasoconstriction.”*
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Activation of Coagulation Mechanism

Hypercoagulation is one of the major pathophysiological mechanisms of diabetic vascular complications. Platelet
aggregation and activation are closely related to the magnitude of glycemic variability. Increased levels of coagulation
factors and thrombin promote thrombus formation and atherosclerosis, increasing the likelihood of acute cardiovascular
events.”* Wang et al found that the amplitude of blood glucose fluctuations in T2DM patients was related to the degree of
platelet aggregation and activation, and the level of MAGE was significantly positively correlated with the expression
levels of peripheral blood PAG and platelet membrane protein CD62p.>'

Other Related Mechanisms

Studies have shown that glycemic fluctuations in patients with diabetes have a bidirectional effect on neovascular-
ization. Acute glycemic fluctuations promote vascular formation while inhibiting the production of vascular
endothelial growth factor (VEGF). In addition, excessive glycemic fluctuations have been shown to cause more
significant renal fibrosis in diabetic nephropathy. Excessive glycemic variability may also cause progressive
deterioration of pancreatic B-cell function, thereby exacerbating the onset and development of diabetes and its
complications.”> Both short-term and long-term glycemic fluctuations may promote the occurrence of diabetic
vascular complications through mechanisms such as oxidative stress, endothelial cell injury, activation of inflam-
matory responses, and activation of coagulation. Abnormal long-term glycemic fluctuations may increase the risk of
hypoglycemia, which stimulates the activation of inflammatory mediators and platelets. Therefore, there may be
some differences in the pathophysiological mechanisms between long-term and short-term glycemic fluctuations and
diabetic vascular complications. Thus, there may be some correlation between long-term and short-term glycemic

fluctuations.

Clinical Research
Impact of the Short-Term Glycemic Variability on the Risks of Macrovascular and

Microvascular Complications in Diabetes

Gerbaud et al proposed that during the initial hospitalization period, SD-assessed GV (critical value >2.70 mmol/
L) was an independent predictor of macrovascular complications such as acute myocardial infarction, acute heart
failure, and cardiogenic death in patients with diabetes and acute coronary syndrome.>* During hospitalization, GV
as assessed by MAGE is an independent predictor of poor prognosis in patients with cerebrovascular disease and
acute coronary syndrome.*® In addition, MAGE correlates with the severity of coronary artery disease (CAD) in
acute myocardial infarction patients with poor diabetes control. Early assessment of GV may help to identify high-
risk patients and may serve as a therapeutic target for primary and secondary prevention.** Daily GV is associated
with coronary artery spasm in patients with glycemic disorders.®> During the oral glucose tolerance test (OGTT),
IGP is independently correlated with aortic stiffness and poor carotid artery remodeling, but not with carotid
intima-media thickness, stiffness, microvascular function, etc.'® Liang et al pointed out that controlling GV can
improve insulin resistance, reduce carotid intima-media thickness, and reduce the risk of CVD.?® In addition, TIR
during hospitalization was negatively related with increased risk of all-cause and cardiovascular death.?’

A 7-point glucose curve study using the Diabetes Control and Complications Trial (DCCT) dataset confirmed a negative
association between TIR and the risk ratio for developing retinopathy or microalbuminuria. A 10% decrease in TIR was
associated with a 64% increase in the risk of progression to retinopathy and a 40% increase in the risk of microalbuminuria.*®
Picconi et al found that short-term glycemic variability assessed by CV, SD, and MAGE was associated with early retinal
neurodegeneration in patients with type 1 diabetes.”® TIR was independently associated with DR at different stages, such as
mild-DR, moderate-DR, and vision loss-DR, while the severity of DR was negatively correlated with TIR quartile (r =
—0.147; P <0.001).* In addition, TIR was significantly associated not only with microalbuminuria and DR, but also with
CAN. TIR was negatively correlated with all stages of CAN, and was lower in patients with more severe CAN.*' The
correlation between TIR and microalbuminuria, DR, and CAN persisted after calibration for parameters of glycemic
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variability (eg, SD, MAGE, and CV) and baseline factors (eg age, sex, and duration of diabetes). This suggests that the

association between TIR and microvascular complications is not influenced by other GV parameters.***

Impact of the Long-Term Glycemic Variability on the Risks of Macrovascular and

Microvascular Complications in Diabetes
A randomized study in patients with T2DM showed that FPG parameters (FPG-CV, FPG-ARV) were significantly
associated with the incidence of cardiovascular disease (CVD). This association remained evident after adjustment for
mean fasting plasma glucose and multiple baseline risk factors. However, there was no significant association between
HbA ¢ variability index and CVD.** Another randomized controlled trial showed that FPG-VVV was related to both
macrovascular and microvascular complications (P=0.005 and P<0.001, respectively).?>** Compared with FPG-CV,
HbA1c-CV showed a weaker association and poorer consistency. Lee et al showed that long-term FPG-VIM had
a positive dose-response relationship with the risk of stroke, myocardial infarction, and all-cause mortality in patients
with diabetes and was independent of glucose-lowering medications, mean fasting glucose, and metabolic risk factors.*’
FPG-SD, FPG-CV, and FPG-ARYV have similar predictive validity. FPG-CV was identified as a risk factor for ischemic
stroke in a Taiwanese population of patients with diabetes.*® A study conducted in a German population showed that
HbA1c-CV was a risk factor for stroke, myocardial infarction, and severe hypoglycemia in patients who had just started
insulin hypoglycemic therapy.*’ Similar results were found in Chinese patients with diabetes, with long-term FPG-CV
increasing the risk of CVD and all-cause mortality.*® In addition, studies have found that increases in HbAlc-CV and
FPG-CV are both associated with accelerated progression of coronary artery plaques in patients with T2DM.*
Cardiovascular autonomic neuropathy (CAN) is also common in people with diabetes but is one of the most overlooked
macrovascular complications. HbAlc-CV and HbA 1c-SD independently influence the severity of CAN and are positively
correlated with patient scores on the composite autonomic scoring scale.”®

HbA1c-CV and HbA1c-SD are both connected with the occurrence of heart failure with preserved ejection fraction
(HFpEF) in patients with T2DM.>" HbAlc variability may serve as a predictor of HFpEF progression.’” Other studies
have suggested that FPG-VVV is a novel risk factor for long-term adverse changes in left heart structure and systolic
function in patients with T2DM.> Yang et al found that FPG variability is an independent predictor of poor left
ventricular remodeling after ST-segment elevation myocardial infarction in patients with T2DM.>* Li et al reported that
patients with HVS > 60% had a significantly increased risk of all-cause mortality and adverse cardiovascular events.>*

Glycemic variability is a better parameter than average HbAlc for assessing the development or worsening of
complications such as diabetic nephropathy and peripheral neuropathy in patients with T2DM during long-term follow-
up.” Several studies have shown that patients with T2DM have an increased risk of developing diabetic polyneuropathy
(DPN), painful diabetic peripheral neuropathy (PDPN) and peripheral artery disease (PAD), which are significantly
associated with FPG-CV.>® FPG-CV is also associated with a higher risk of painful diabetic peripheral neuropathy
(PDPN) in patients with T2DM.>’ In addition, some studies have identified FPG-CV as an effective predictor of diabetic
polyneuropathy (DPN) in T2DM patients.’® Risk factors for progression of DN and DR differ, with HbAlc-SD
significantly correlating with DN progression and mean HbAlc significantly associated with DR progression.”® HbAlc
control can also reduce the risk of patients developing stage 3—4 chronic kidney disease.®® Ceriello et al found that high
variability in HbA1c-SD increases the risk of DN.®' Several studies have shown that FPG variability is associated with
an increased risk of moderate to severe DN.®> HbAlc-CV is also closely associated with DPN and is considered
a predictive parameter for patients with diabetes with DPN.®*%* Lai et al showed that high HbA ¢ variability is closely
associated with the severity of DPN.%° Lee et al demonstrated that high HbA1c-CV is an independent risk factor for renal
function decline® and is also independently associated with the severity of cardiovascular autonomic neuropathy.”® Li
et al found that patients with an HbA1c-CV greater than 60% have a significantly increased risk of diabetic retinopathy,
peripheral neuropathy, diabetic foot ulcers, and chronic kidney disease.’* In addition, some studies have suggested that
HbA1c-CV is a better predictor of microvascular complications than HbAlc-SD and HVS.®” However, there is also
evidence that FPG-SD, FPG-CV, HbAlc-SD, and HbA1c-CV are risk predictors for all microvascular and macrovascular
complications at 24 months of follow-up, and their predictability is better than that of mean HbAlc.”> Conversely, mean
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HbAlc was better at predicting the risk of DR and the progression of complications such as peripheral neuropathy in
patients with poor glycemic control. Overall, the 24-month glycemic variability parameter was a more favorable
predictor than the 12-month glycemic variability parameter.

Discussion

Both long-term and short-term parameters of glycemic variability are associated with a variety of different vascular
complications of diabetes, in addition to neurological disorders, cognitive function, even the risk of hypoglycemia,
prolonged hospital stay, and postoperative infection.”> However, the correlation between different parameters of long-
term or short-term glycemic variability parameters and diabetes-related complications varies. With regard to long-term
FPG, FPG-CV, FPG-VIM and other quantitative parameters have certain differences in the correlation with the same
long-term complication in patients with diabetes. The same GV quantitative parameters have different predictive effects
on the risk of different complications. The same is true for short-term glycemic variability parameters, as shown in
Table 2. Besides, both long-term and short-term glucose fluctuations may lead to related complications through oxidative
stress, endothelial cell damage, activation of the inflammatory response, activation of coagulation, and other mechanisms.
However, long-term glucose fluctuations may increase the risk of hypoglycemia, which stimulates the activation of

Table 2 Correlations Between Glycemic Variability Parameters and Diabetic Complications

Parameters of Glycemic
Variability

Calculation Method

Macrovascular Complications and
Mortality

Microvascular
Complications and
Neuropathy

Parameters of the short-
term glycemic variability
SD

MAGE

IGP

TIR

Parameters of the long-
term glycemic variability
FPG-CV

Arithmetic square root of the squared
deviation from the mean

After removing all blood glucose
fluctuations that do not exceed

a certain threshold (usually | SD), the
average is obtained by calculating the
amplitude of blood glucose fluctuations
according to the direction of the first
valid fluctuation

IGP=AGP - FPG.*

The percentage of time within the target
range of glucose levels, 70—180 mg/dL
(3.9-10.0 mmol/L), within a 24-hour

period.'?

(SD/mean) x100%

Acute myocardial infarction, acute heart
failure and sudden cardiac death.
Cerebrovascular diseases such as acute
coronary syndrome, coronary artery

disease, coronary artery spasm.

Aortic stiffness and poor carotid

remodelling.

CVD, ischaemic stroke, accelerated
progression of coronary atherosclerosis,
poor left heart structure and systolic
function, other large vessel lesions and

mortality

DR, Microalbuminuria and
CAN

DPN, PDPN, PAD and
other microangiopathy

HbAc-CV (SD/mean) x100% Coronary atherosclerosis, HFpEF and DN, DPN, CAN and all
other large vessel lesions microangiopathy
FPG-ARV The average of the differences between | CVD -
successive measurements over a given
time period.
(Continued)
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Table 2 (Continued).

Parameters of Glycemic Calculation Method Macrovascular Complications and Microvascular
Variability Mortality Complications and
Neuropathy
HbAlc-VVV SD, CV, VIM and ARV can all be used as | Macrovascular disease and mortality -
indices of VVV.
FPG-VVV SD, CV, VIM and ARV can all be used as | Macrovascular disease and all-cause Microangiopathy
indices of VVV. mortality
FPG-VIM VIM= SD/mean® Stroke, myocardial infarction, poor left
ventricular reconstruction after
infarction and all-cause mortality
FPG-SD Arithmetic square root of the squared Poor left ventricular reconstruction All microangiopathy
deviation from the mean after infarction and other large vessel
lesions
HbAIc-SD Arithmetic square root of the squared HFpEF and other large vessel lesions DPN, CAN and all
deviation from the mean microangiopathy
HVS>60% The proportion of the number of All-cause mortality and adverse Diabetic peripheral
HbA I c changes 20.5% from the cardiovascular lesions neuropathy, diabetic foot
previous time in the total number of ulcers and chronic kidney
HbAlc measurements.?? disease
Mean HbAlc Average value - DR in patients with poor
glycemic control and
peripheral neuropathy

Abbreviations: ARV, Average real variability; CAN, Cardiac autonomic neuropathy; CV, Coefficient of variation; CVD, Cardiovascular disease; DN, Diabetic nephropathy;
DR, Diabetic retinopathy; DPN, Diabetic polyneuropathy; DR, Diabetic retinopathy; FPG, Fasting plasma glucose; HFpEF, Heart failure with preserved ejection fraction; HVS,
HbA I c variability score; IGP, Incremental glucose peak; MAGE, Mean amplitude of glycemic excursions; PAD, Peripheral artery disease; PDPN, Painful diabetic peripheral
neuropathy; SD, Standard deviation; TIR, Time in range; VIM, Variation independent of the mean; VVV, Visit-to-visit variability.

inflammatory mediators and platelets. This suggests that the pathophysiological mechanisms of long-term and short-term
glucose fluctuations leading to diabetes-related complications may be different.*?

There may also be some correlation between different quantitative parameters that quantify long-term glucose
variability or short-term glucose variability. Nevertheless, few studies have been conducted to explore whether there is
a certain correlation between long-term glycemic variability and short-term glycemic variability. Previous studies have
investigated the relationship between blood glucose concentration at different times and HbAlc levels. The results
showed that premeal glucose was more strongly correlated with HbA 1¢ than postmeal glucose.®® However, Ehehalt et al
suggested that postprandial glucose had a higher correlation with HbAlc in patients with better glycemic control, while
the correlation between FPG and HbAlc gradually increased with the deterioration of diabetic glycemic control.*” In
other words, there may be some correlation between long-term glycemic variability parameters in patients with poor
glycemic control. Some studies have confirmed that TIR is negatively correlated with HbAlc and glycated albumin in
patients with impaired glucose tolerance, TIDM and T2DM."° Researchers observed the correlation between HbAlc and
several glycemic variability parameters derived from CGMs in T2DM patients and found that HbA 1c was correlated with
TIR (r= —0.75), mean blood glucose (r=0.8), TAR (r= 0.75), and TBR (r= —0.39).”' There was a negative correlation
between TIR and Glucose Management Indicator (GMI) (estimates of mean HbAlc).”> Similar results were observed in
elderly male patients with T2DM, and patients with lower TIR had greater long-term glycemic variability.”* In addition
to long-term glycemic variability parameters such as HVS, a retrospective study showed that calibrated HbAlc SD was
positively correlated with TBR (r=0.501, P=0.009), and mean glucose was positively correlated with TAR (r=0.525,
P=0.006) and MODD (r=0.570, P=0.002) in patients with T2DM.”* Some researchers have also found that TIR is
associated with mean HbA lc and HbalC-VVV, while MODD is associated with HbalC-VVV.”® Consistently, TIR was
significantly associated with GMI (r=—0.822, P<0.001) and HbAlc (=—0.563, P<0.001) in TI1DM patients, and TIR had
a highly inverse linear relationship with GMI (R2=0.676, P<0.001), while GMI was positively correlated with SD,
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MAGE, and MODD, but not with CV.”® These results highlight a certain correlation between the quantitative parameters
of long-term and short-term glycemic variability in patients with diabetes. The correlation between SMBG glycemic
variability parameters and MAGE in CGM is another topic that has attracted much attention from scientists. Studies
found that the standard deviation of blood glucose level (SDBG) calculated from the seven-point SMBG data, the
postprandial glucose excursion (PPGE), the largest amplitude of glycemic excursions (LAGE), CV, MAGE and other
glycemic variability parameters were closely related to MAGE obtained by CGM, especially SDBG.”” Therefore, there is
also some correlation between short-term glycemic variability parameters. However, most studies have examined the
correlation between HbA 1c glycemic variability and short-term glycemic variability parameters during long-term follow-
up, and few studies have investigated the correlation between FPG glycemic variability from long-term monitoring and
various short-term glycemic variability parameters.

Therefore, we can further explore the correlation between long-term and short-term glycemic variability parameters in
patients with diabetes in the future. For example, we can investigate whether there is a correlation between long-term and
short-term fasting glycemic variability. What statistical methods can we use to do this research? Can we use Pearson’s
correlation coefficient to study the correlation between long-term and short-term blood glucose fluctuations? Or are there
other research methods that can be used to study their correlation and the specific nature of their correlation? How
effective is this correlation in predicting the risk of complications in patients with diabetes? Is the predictive power of
this correlation for the risk of complications in patients with diabetes different if the risk of complications is predicted
independently from long-term or short-term glycemic variability? Does this correlation improve the predictive power of
glycemic variability on the risk of complications in patients with diabetes? Can we also use a subset of the glucose
variability data available to patients with diabetes to predict their risk of relevant complications? After exploring these
questions, specific statistical methods may be used to calculate certain glycemic variability indicators in clinical practice
to predict and prevent some complications in patients with diabetes. This will help patients with diabetes who do not
have access to both long-term and short-term blood glucose monitoring data, and avoid the time-consuming calculation
of additional glycemic variability indicators with similar predictive power, and reduce the number of blood samples taken
from patients. This will not only improve the efficiency of the management of complication risk, but will also improve
patient compliance, thereby benefiting the patients.

Conclusion and Future Prospects

In conclusion, both long-term and short-term glycemic variability parameters may contribute to the development and
progression of complications in patients with T2DM by influencing oxidative stress, endothelial cell damage, activation
of inflammatory responses, and coagulation activation. In addition, there is some correlation between long-term and
short-term glycemic variability parameters, although the pathophysiological mechanisms by which they influence the
development of the disease may be different. In future research, it is essential to further investigate the correlation
between long-term and short-term glycemic variability parameters, in order to lay a solid foundation for the development
of improved strategies for blood glucose monitoring and management.
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