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ABSTRACT

INTRODUCTION: Diabetes mellitus is a serious health issue with an increasing incidence worldwide. Di-
abetic retinopathy is a leading cause for blindness and has a considerable impact on the patient and on soci-
ety. The exact pathological mechanism by which diabetes causes diabetic retinopathy still remains unclear,
but the role of hyperglycaemia seems to be the most influential factor. In recent studies glycaemic variabil-
ity has been suggested to be an additional risk factor for the development of diabetic retinopathy, irrespec-
tive of glycated haemoglobin. With the expanding availability of continuous glucose monitoring, the glycae-
mic status has become more well-known and correlations between glycaemic variability and chronic micro-
vascular complications of diabetes can be investigated.

AIM: The purpose of this paper is to review and summarize the current knowledge about the correlation
between diabetic retinopathy and glycaemic variability assessed with continuous glucose monitoring in pa-
tients with type 2 diabetes mellitus.

MATERIALS AND METHODS: Literature in PubMed, Web of Science, and Scopus has been studied and
analysed.

RESULTS: There is growing evidence that glycaemic variability is highly associated with microvascular
complications. There are only several studies on the use of continuous glucose monitoring to assess glucose
variability and its association with diabetic retinopathy in type 2 diabetes mellitus and the results are con-
flicting.

CONCLUSION: Continuous glucose monitors are emerging tools in the management of type 2 diabetes
mellitus and its chronic complications, as they offer detailed overview and better understanding of the gly-
caemic control and more research is needed on their use in type 2 diabetes mellitus.
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set of type 2 DM is most often imperceptible and it
takes years to diagnose. The pathogenesis of the di-
abetes-related chronic complications is not entirely
known and there are contradictions why they devel-
op in some patients and not in others. Usually at the
time of diagnosis some chronic complications have
already developed. The microvascular complications
are common in type 2 DM and a lot of research illus-
trate that the early identification of the risk factors
for these complications (retinopathy, nephropathy,
and neuropathy) could delay or prevent the progres-
sion to blindness, end-stage renal disease, and dia-
betic foot, respectively (1).

Diabetic retinopathy (DR) is a serious micro-
vascular DM complication that has a considerable
impact on the patient and on society. It is a leading
cause of preventable blindness among the working
age population worldwide (2). According to recent
meta-analysis 2.6 million people in 2015 were visu-
ally impaired because of DR, a figure estimated to
rise to 3.2million by 2020 and 592 million by 2035
(3-5). Diabetes-related vision loss is mostly caused
by two significant retinal problems: diabetic macular
oedema and complications from retinal neovascu-
larization (6,7). Many epidemiological studies dem-
onstrate that the major risk factors for DR include:
duration of diabetes, hyperglycaemia, hypertension
and hyperlipidaemia. Although the exact pathologi-
cal mechanism by which diabetes causes DR still re-
mains unclear, several theories have been proposed
about the typical course and history of this condi-
tion, and the role of hyperglycaemia seems to be the
most influential factor (7,8).

Recent studies have reported that the glycaemic
variability (GV), which refers to intra- and inter-day
glucose fluctuations, regardless of glycated haemo-
globin (HbAc), could be an additional risk factor for
the development of DR (9). Continuous glucose mon-
itoring (CGM) provides extensive data on the glycae-
mic control, thereby complimenting HbAlc for dia-
betes management. It has been thoroughly discussed
and demonstrated that CGM is clinically valuable for
type 1 DM (10) and latest studies consider its benefits
for managing type 2 DM and its chronic complica-
tions, such as DR. Therefore, there is a growing inter-
est in clarifying the association between DR and GV,
assessed by CGM, in patients with type 2 DM.

AIM

The aim of the paper is to review and summa-
rize the current knowledge about the correlation be-
tween DR and GV assessed by CGM in patients with
type 2 DM.

MATERIALS AND METHODS

A literature review was made based on a search
in the world scientific databases, such as PubMed,
Web of Science, and Scopus. The key terms were ‘di-
abetic retinopathy’, ‘glycaemic variability’, ‘continu-
ous glucose monitoring’, and ‘diabetes mellitus type
2’. The information from published literature was an-
alysed and summarized. Research gaps were identi-
fied and new research proposed.

RESULTS

The two major randomised controlled trials, the
Diabetes Control and Complications Trial (DCCT)
in type 1 DM (started in 1983 and reported in 1993)
and the UK Prospective Diabetes Study (UKPDS) for
type 2 DM (carried out between 1977 and 1997) sug-
gested that patients, who were more intensively treat-
ed for hyperglycaemia than those conventionally
treated, have a reduction in the risk of microvascu-
lar complications of diabetes. (11) The DCCT conclu-
sively demonstrated that the mean HbAIc is the ma-
jor risk factor for the progression of DR in type 1 DM
and maintaining the HbAlc level in the 6-7% range
can significantly reduce the development of DR (12).
The UKPDS was a landmark trial in underlying the
importance of both good glycaemic and blood pres-
sure control in preventing the progression of DR in
type 2 DM (13,14). In both of these trials the glycae-
mic control was measured by the average levels of
HbA c. Since the correlation between the HbAlc lev-
els and the corresponding patient-relevant endpoints
has been proven, HbAlc has been viewed as a val-
id parameter for relevant outcomes and is predomi-
nantly used in clinical studies published after these
landmark trials (8,15).

However, patients with similar mean glucose or
HbA ¢ values can have markedly different daily glu-
cose profiles, with differences both in number and
duration of glucose excursions. Despite HbAlc being
considered as the gold standard of measuring gly-
caemic control, a lot of research has raised the ques-
tion that short-term glycaemic peaks and nadirs re-
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gardless of the magnitude of hyper- or hypoglycae-
mia, may pose an additional risk for the development
of micro- and macrovascular diabetic complications
(8,16). Since HbAlc reflects average glycaemia de-
rived irrespective of GV and it depends on a few con-
founding factors, in the last decade it has been ac-
knowledged that HbAlc alone is inappropriate to
provide information on the short-term variations in
glucose metabolism and the risks for hypo- and hy-
perglycaemia, and it does not provide the guidance
needed to decrease those risks. Glycaemic goals set
on lowering HbA1c alone could result in unbalanced
treatment adjustment. Fluctuations in blood glucose
can produce within-day (intra-day) and day-to-day
(inter-day) variations. They can increase not only the
risk of hypoglycaemia, but also glycaemic excursions
into the hyperglycaemic range (17). There is mount-
ing evidence that not only the average HbA1c values,
but also plasma GV, are an independent risk factor
for complications of diabetes (18,19).

It is still debated which is the best and most ac-
curate way to assess GV. Thus, while HbAIc is the
current gold standard for the primary clinical tar-
get, there is no consensus as to whether other pro-
posed glycaemic metrics will provide additional clin-
ical data or whether there should be additional tar-
gets beyond HbAlc (20). With the growing interest
in the clinical significance of GV in type 2 DM, there
are an increasing number of publications, outlining
the metrics for assessing GV. The lack of a uniform-
ly accepted standard of measurement for GV consti-
tutes a problem for those who want to compare stud-
ies or use this data in clinical practice (18). Glycaemic
variability is a reflection of a dynamic process, the
understanding and measurement of which are more
challenging. Beyond the setting of laboratory experi-
ments, data sources available for the routine estima-
tion of GV include episodic self-monitoring of blood
glucose (SMBG) records and CGM traces (21).

Glycaemic variability in diabetes is a reflection
of an underlying blood glucose fluctuation that has
two main dimensions: amplitude, which reflects the
extent of blood glucose excursion, and time, which
reflects the frequency of blood glucose variation and
the rate of event progression. Some of the key metrics,
widely used to quantify GV, include standard devia-
tion (SD) and coefficient of variation (CV). Standard
deviation indicates the variation around the mean

blood glucose (MBG) (intra-day or inter-day) and
CV illustrates the magnitude of variability relative to
MBG. In addition to these standard statistics, vari-
ous DM-specific metrics of GV have been introduced
during the past 50 years, such as: mean amplitude of
glycaemic excursions (MAGE) - developed primar-
ily to capture mealtime-related glucose excursions;
high blood glucose index (HBGI) - a measure of fre-
quency and magnitude of hyperglycaemia; low blood
glucose index (LBGI) - a measure of frequency and
magnitude of hypoglycaemia (17,21).

With the expanding access to CGM over the
last few years, time-related GV metrics have become
more acknowledged. One of the most clinically sig-
nificant metrics is the measure of time the patient
spends within, above and below the target blood glu-
cose range. Time in target blood glucose range (TIR)
offers relevant information on the level of glycaemic
control, but gives incomplete data about the over-
all glycaemic control; time spent outside of the tar-
get range (both below and above target) also needs to
be evaluated separately, because they show different
trends toward hypoglycaemia and hyperglycaemia,
respectively, which is essential information for thera-
py adjustment (21). Recently, TIR has been identified
as a key metric of glycaemic control, and referred to
the percentage of time per day within target glucose
range (3.9-10.0 mmol/L) (19).

In recent decades there has been growing evi-
dence of the negative role of GV in the pathogene-
sis of the vascular complications of diabetes. Many
observational studies and analyses of randomized
clinical trials for type 1 DM have demonstrated that
short-term GV and variability of HbAlc are associ-
ated with an increased risk mostly of macrovascular
complications (21). But there is insufficient informa-
tion regarding GV and microvascular complications
in type 2 DM.

The latest data indicate that GV can realize its
deteriorating effect on target organs through oxida-
tive stress, glycation, chronic low-grade inflamma-
tion, endothelial dysfunction, platelet activation, im-
paired angiogenesis, and renal fibrosis. It could be
aggravated by hypoglycaemia, associated with high
GV (22).

There are a number of studies that assessed the
effect of GV on the development and progression of
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microvascular complications among patients with
diabetes but the information remains controversial.
In 2006 Kilpatrick et al. assessed whether GV around
MBG values poses a risk for the development of mi-
crovascular complications among patients with type
1 DM. Using pre- and postprandial seven-point glu-
cose profiles, this study showed that MBG has no in-
fluence on the development or progression of either
retinopathy or nephropathy in type 1 DM. Also both
pre- and postprandial glucose (PPG) concentrations
were found to contribute equally to the risk of micro-
vascular disease (23). In 2008 Bragd et al. found no
significant relationship between GV, measured by the
SDBG over a 4-week period, and the development of
retinopathy or nephropathy in the cohort of patients
with type 1 DM (24). In 2009 Zoppini et al. conclud-
ed that in elderly type 2 diabetic outpatients the ex-
tent of hyperglycaemia (as measured by M-FPG and
HbAlIc), but not fasting plasma glucose variability
(as measured by CV-FPG), strongly predicts the de-
velopment/progression of DR independently of oth-
er known risk factors (25). In 2010 Takao et al. did
a retrospective long-term follow-up study in patients
with type 2 DM. It revealed that FPG variability, in-
dependently of the mean FPG or HbAlc, is associat-
ed with the risk of DR. In addition, studies in which
patients were classified based on the median value of
the mean HbAlc or FPG and that of FPG SD show
that the risk of the development and progression of
DR is similar between the group showing poor con-
trol and low variability and that with good control
and high variability. (26) A recent study, reported
in 2018, showed that GV involved in long-term vis-
it-to-visit HbA1c variability was an independent risk
factor for DR in type 1 DM. (27) Additionally, a sys-
tematic review and meta-analysis demonstrated that
high FPG variability levels were positively associat-
ed with the risk of DR and all-cause mortality in pa-
tients with type 2 DM (28).

Although the association between GV and mi-
crovascular diabetic complications has been exten-
sively reviewed, it still remains to be clarified, es-
pecially regarding patients with type 2 DM. Data,
obtained only by SMBG, is insufficient. Although
SMBG has been shown to improve glycaemic con-
trol and quality of life in both type 1 and type 2 DM
when used within a structured testing regimen, it
cannot predict impending hypoglycaemia or alert for

hypoglycaemia. CGM addresses many of the limita-
tions inherent in HbAlc testing and self-monitoring
of blood glucose (29).

Currently there are two types of CGM systems
available for daily diabetes self-management: real-
time CGM (rtCGM), referred to as personal, and in-
termittently viewed CGM (iCGM), also called pro-
fessional. Each has its own unique strengths and lim-
itations that can impact their advantages and accept-
ability within particular patient groups. Real-time
CGM constantly tracks the glucose concentrations
in the body’s interstitial fluid, providing near real-
time glucose data; intermittently viewed CGM uses
similar approach to show continuous glucose mea-
surements retrospectively at the time of checking.
Both rtCGM and iCGM facilitate monitoring of time
spent in the target glucose range. However, only rtC-
GM can warn users if glucose is trending toward hy-
poglycaemia or hyperglycaemia. With iCGM, these
trends can only be viewed after physically scanning
the sensor (29,30).

Most studies using professional and person-
al CGM have been conducted among patients with
type 1 DM and most of the evidence for its benefit is
in that group, but research is underway to learn how
CGMs might be beneficial for patients with type 2
diabetes. There have been a few CGM studies, using
professional CGM, that were exclusively designed to
document the presence of hypoglycaemia in adults
with type 2 DM (Gehlaut, Dogbey, Schwartz, Mar-
ling, & Shubrook, 2015; Kim et al., 2014; Munshi et
al., 2011; Tanenberg et al., 2004). In one of the largest
of these studies, Gehlaut et al. (2015) observed that
almost half of the patients had mild or severe hypo-
glycaemia and 75% of those episodes were asymp-
tomatic. Several studies have been performed among
patients with type 2 DM to determine whether or
not professional CGM can help reduce HbA1C (Al-
len, Fain, Braun, & Chipkin, 2008; Blackberry et al.,
2014; Cosson et al., 2001; Leinung et al., 2013; Mohan
et al., 2016; Murphy et al., 2008; Pepper, Steinsapir,
& Reynolds, 2012, Young et al., 2015). Five random-
ized controlled trials showed that 3-7 days of profes-
sional CGM results in improvement in HbAlc (0.6-
2.3%) (31).

There have been a limited number of trials us-
ing personal CGM in patients with type 2 DM. They
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showed that CGM improves both glycaemic control
and cost outcomes in patients over a broad range of
baseline therapies (32-34). In 2019 Janapala et al. re-
ported the results from a systematic review and meta-
analysis and concluded that the use of CGM in type
2 DM is beneficial, as it considerably reduces HbAlc,
compared to the regular method of SMBG. It is ob-
served that most cases of hyperglycaemia occur post-
prandially, while most cases of hypoglycaemia occur
during the night, which is missed by type 2 DM pa-
tients, who routinely do finger pricks in the morning
and before meals. On the other hand, HbAlc only
correlates with MBG levels leaving out extreme val-
ues. Extensive glycaemic data, which the CGM:s pro-
vide, can help overcome all these limitations. They
can report the time spent in specific glycaemic rang-
es in a day. As mentioned above, an emerging new
parameter in diabetes management is TIR. Research
has illustrated that CGM usage was beneficial for in-
creasing the TIR and decreasing time spent in hypo-
glycaemia and hyperglycaemia (35).

Most studies on glucose variability and DR in
search of a cause-effect relationship have been based
on data from seven-point SMBG profiles or SDs ob-
tained from periodic measurements of fasting or
postprandial plasma glucose (36). There is limited in-
formation regarding the use of CGM in patients with
type 2 DM to assess GV and its correlation to DR.
In 2013 a study by Sartore et al. using CGM on pa-
tients with type 1 and type 2 DM suggested that glu-
cose variability, regardless of HbAlc, may also have
a role as a risk factor for DR, particularly in the case
of acute fluctuations and acute hyperglycaemia (36).
Another study on type 1 and type 2 DM using CGM
to assess GV was published in 2015. It demonstrated
that the short-term glycaemic fluctuation, either ex-
pressed as SD of fasting glucose or mean glucose lev-
els, may contribute to the development or progres-
sion of DR in patients with type 2 DM, whereas long-
term glycaemic fluctuation, represented by variation
of levels of HbAlc, appeared to show a stronger as-
sociation with DR both in patients with type 1 and
type 2 DM. (37) In 2018 Sonoda et al. did a retro-
spective study using CGMs in patients with type 2
DM. They reported that there was no significant as-
sociation between glycaemic variability, represented
by SD and MAGE, and microvascular complications
(38). Meanwhile, Lu et al. revealed that GV, estimat-

ed by TIR, was strongly associated with DR in pa-
tients with type 2 DM (39). In 2019 the results of a
study on type 2 DM and latent autoimmune diabe-
tes in adults (LADA) were published. It demonstrat-
ed that SD, as assessed by CGM, was significantly as-
sociated with DR after adjusting for confounders, in-
dicating that GV might modify the risk of DR inde-
pendent of HbAlc. This study also showed that GV is
more strongly associated with DR in type 2 DM than
in LADA (40).

CONCLUSION

In conclusion, although HbA1c is the gold stan-
dard of glycaemic control and an independent risk
factor for the development and progression of DR,
it has some limitations and disadvantages. There is
growing evidence that GV is highly associated with
microvascular complications. The benefits of CGM,
compared to SMBG in type 1 DM, have been estab-
lished. However, measurements for GV with CGM
are expensive and time-consuming, thus the use of
these systems among patients with type 2 DM is still
limited. There are only several studies on the use of
CGM to assess GV and its association with DR in
type 2 DM and the results are conflicting. Nonethe-
less, CGMs are emerging tools in the management
of type 2 DM and its chronic complications, as they
offer detailed overview and better understanding of
the glycaemic control and more research is needed
on their use in type 2 DM.
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