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Time in Range: Unveiling the Correlation
with Diabetic Retinopathy in Type 2 Diabetes:
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ABSTRACT

Objective: Research has established an association be-
tween glycemic control and retinopathy progression;
however, the use of continuous glucose monitoring
(CGM) and diabetic retinopathy (DR) progression
remains less explored. Our study aims to explore the
link between time in range (TIR) and DR and its clinical
implications.

Materials and methods: Following the Preferred Re-
porting Items for Systematic Review and Meta-Analysis
(PRISMA) 2020 guideline, we conducted a systematic
review by searching databases such as PubMed, EBSCO,
and ProQuest, supplemented by manual exploration.
Studies reporting TIR or other CGM-derived metrics
in association with DR were included. The quality of
each study was evaluated using the Newcastle-Ottawa
Scale (NOS). Review Manager 5.4 software, was used to
performed a meta-analysis with random-effects model.
Results: The meta-analysis of five studies indicated
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significant associations between CGM-derived met-
rics and diabetic retinopathy. TIR exhibited a mean
difference of -6.44 (95% Cl: -8.10, -4.78, p < 0.001),
standard deviation (SD) showed a mean difference of
0.20 (95% CI: 0.16, 0.24, p < 0.001), mean amplitude
of glycemic excursion (MAGE) displayed a mean differ-
ence of 0.45 (95% Cl: 0.31, 0.58, p < 0.001), and coeffi-
cient of variation (CV) demonstrated a mean difference
0of-0.99 (95% Cl: 0.43, 1.55, p = 0.0006). Stratification
by TIR percentage (< 70% vs. > 70%) revealed an odds
ratio of 2.06 (95% Cl: 0.85, 4.97, p = 0.11) for diabetic
retinopathy risk, although statistically insignificant.
Conclusions: Lower TIR is significantly associated with
DRin T2D patients. Furthermore, higher SD, MAGE, and
CV were linked to the presence of DR. (Clin Diabetol
2024; 13, 3: 132-139)

PROSPERO Registration: CDR42023452999
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Introduction

Effective management of type 2 diabetes (T2D) re-
volves around glycemic control, with hemoglobin Alc
(HbA1c) being a central parameter [1]. HbA1c offers
a retrospective overview of blood glucose levels span-
ning several months, providing valuable insights into
long-term glycemic regulation [2]. However, its usage
is limited by factors such as age, hemolytic anemia,
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or conditions that affect the interaction between red
blood cells and glucose-bound hemoglobin [2]. Addi-
tionally, HbA1c has more limitations such as capturing
the fluctuations and patterns of glycemic variability,
which lead to differences between mean glucose levels
and HbA1c readings [2, 3]. Among the microvascular
complications associated with T2D, diabetic retinopathy
(DR) is a concern, affecting approximately one-third of
T2D patients [4, 5]. It is considered a leading etiology
contributing to global blindness [6]. Research showed
the prevalence of DR reaching 22.27%, highlighting the
crucial need for timely recognition and intervention to
reduce any complications [7].

Continuous glucose monitoring (CGM) emerges
as a promising new technology in management in
T2D [8]. CGM offers a real-time variability of glycemic
patterns, offering valuable insight into an individual’s
glucose levels. In 14 days, CGM provides time in range
(TIR), the percentage of time glucose concentrations
remain within the range of 70 to 180 mg/dL [8]. Un-
like HbA1c, CGM could capture the fluctuations and
patterns in glucose levels, providing a more compre-
hensive picture of an individual’s glycemic profile
[8, 9]. Furthermore, nocturnal, or asymptomatic
hypoglycemia, can be mitigated or minimized. This
results is an enhancement of the quality of life for
patients with T2D [10]. Additionally, metrics such
as mean amplitude of glycemic excursion (MAGE),
coefficient of variation (CV), and standard devia-
tion (SD) provide a further understanding of glucose
variability and consistency [11]. Research indicates
that CGM correlates with HbA1c, thus establishing
both approaches as reliable means for monitoring
glycemic control. However, CGM has the advantage
of detecting hypoglycemia, a capability lacking in
HbA1c measurements [12].

Research has established an association between
glycemic control and retinopathy progression. A study
revealed a 64% increase in the hazard ratio for retin-
opathy progression with every 10% decrease in TIR
[13]. Based on these results, we carried out a systematic
review and meta-analysis to highlight the association
between TIR and other CGM-derived metrics and DR.
Furthermore, we will explore the practical implications
for clinical strategies.

Materials and methods

This systematic review was carried out according
to Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) [14] and registered in PROS-
PERO (CDR42023452999).

Subjects
In devising search strategies to identify pertinent

studies regarding the association between TIR and DR,

we employed medical subject headings (MeSH) and
unstructured text expressions. Our thorough search
encompassed multiple databases, including PubMed,

EBSCO, and ProQuest. For comprehensiveness, we

manually reviewed the references of included studies

and relevant reviews. Additionally, we searched Google

Scholar to uncover any potentially overlooked literature.

This exploration involved synonyms and variations of

the terms ‘time in range’, ‘continuous glucose moni-

toring’, and ‘diabetic retinopathy’, restricted to the
period from 2013 to 2023 (Suppl. File 1). We excluded
studies that reported TIR but did not use CGM in their

measurement or studies that reported TIR in type 1

diabetes. Moreover, we confined our investigation to

articles published exclusively in English and Indonesian
languages.

Research studies could be considered for inclusion
if they met the following criteria.

— Designs: randomized controlled trial (RCT), pro-
spective and retrospective studies, case-control,
or nested-case control studies, and cross-sectional
studies. Case series and case reports are excluded
from the analysis.

— Population: T2D patients using CGM

— Intervention/Exposure: DR

— Control/Comparison: Non-DR

— Outcome: TIR and other CGM-derived metrics

Study design

Our study adopted a systematic review and me-
ta-analysis approach to investigate the relationship
between TIR in T2D patients and the presence of DR.

Data collection

We employed the Zotero reference manager to
manage the identified studies. Initially, a deduplica-
tion procedure was done, followed by the evaluation
of study titles and abstracts to determine eligibility.
This evaluation was conducted independently by two
co-authors (KGP and MA). If studies were deemed po-
tentially relevant during this preliminary assessment,
a comprehensive full-text review was undertaken.
In instances of disagreement during the selection or
quality assessment phases, these matters were deliber-
ated with two other co-authors (YSA and NS) to reach
a consensus. Relevant data was extracted to perform
a qualitative synthesis. The extracted data encompassed
details such as author, year of publication, geographical
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locations, study designs, inclusion, and exclusion crite-
ria, CGM model, CGM-derived metric (TIR in particular),
diagnosis and classification of DR, the incidence of
diabetic retinopathy and related key findings.

Outcome
The main outcome of the study was association
between DR and CGM-derived metric, including TIR.

Risk of bias

The quality of each study was evaluated using
the Newcastle-Ottawa Scale (NOS) [15]. It consists of
three main components: Selection, Comparability, and
Outcome. Each component is assessed based on pre-
determined criteria, with higher scores indicating bet-
ter quality. Selection evaluates representativeness and
appropriate selection criteria, Comparability assesses
control of confounding factors, and Outcome exam-
ines outcome definition and ascertainment methods.
Scores between 0-3 suggest significant limitations, 4-6
indicate moderate quality with some limitations, while
scores of 7-9 represent good quality and minimal bias.

Statistical analysis

Our approach will involve a comprehensive quali-
tative synthesis, entailing the integration of data from
both the textual content and tables of the studies en-
compassed. This synthesis is aimed at providing a con-
cise recapitulation and explication of the attributes and
discoveries of these studies, alongside delving into the
interrelations among them. In cases where the studies
demonstrate satisfactory uniformity in terms of design
and comparator, we will undertake meta-analyses
utilizing the random effects model. The assessment
of the overall impact will involve the analysis of the
mean difference, along with a 95% confidence inter-
val (CI). For the evaluation of statistical heterogeneity,
the I2 statistic will be employed. The data will be con-
solidated and computed employing the statistical tool
Review Manager (version 5.4, Cochrane Collaboration,
Copenhagen Denmark).

Results
Study characteristics

A total of 582 studies were identified through
a combination of three databases and manual search-
ing, as depicted in Figure 1. Following a screening
process, we ultimately incorporated five studies that
investigated the relationship between TIR and various
other CGM-derived metrics with DR [16-20] These stud-
ies consisted of a combination of three cross-sectional
and two prospective-cohort designs. Geographically,
the distribution involved two studies conducted in Ja-
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pan and three studies conducted in China. The cumu-
lative participant count across all the studies included
7328 individuals, showcasing a diverse demographic
range within the context of T2D. In terms of CGM
utilization, Medtronic Inc. was highlighted in three
studies, while the FreeStyle Libre Pro (Abbott Japan)
and iPro 2 (Medtronic Inc.) CGMs were each employed
in one study. A spectrum of CGM metrics was gath-
ered throughout these investigations, with consistent
measurements of TIR, SD, CV, and MAGE across mul-
tiple studies. The assessment of DR was conducted by
experienced ophthalmologists in four studies, while
non-mydriatic fundus photography was utilized in two
studies to ascertain the presence and severity of DR.
Furthermore, certain studies categorized DR into sub-
types. All the included studies consistently show the
connection between CGM metrics and diabetic retin-
opathy even when adjusting for risk factors and varying
patient populations. For a comprehensive overview of
study characteristics, refer to Table 1.Top of Form

Meta-analysis of CGM-derived metrics and dia-
betic retinopathy

The meta-analysis encompassed four CGM-derived
metrics: TIR, CV, MAGE and SD. Three studies were
employed to compare the TIR percentage between
DR and Non-DR. The analysis revealed a mean differ-
ence of -6.44 (95% Cl: -8.10, -4.78, p < 0.001) with
moderate heterogeneity (12 = 37%). This suggests
a significant association between lower TIR and DR
(Fig. 2). The analysis of SD, involving four studies,
demonstrated a mean difference of 0.20 (95% CI: 0.16,
0.24, p < 0.001) with no heterogeneity (12 = 0%),
indicating a relationship between higher SD and DR
(Suppl. File 2). Similarly, the MAGE analysis from three
studies indicated a mean difference of 0.45 (95% Cl:
0.31,0.58, p < 0.001) with no heterogeneity (1> = 0%),
emphasizing that higher MAGE is associated with DR
(Suppl. File 3). Additionally, the CV percentage analysis
from three studies revealed a mean difference of 0.99
(95% Cl: 0.43, 1.55, p = 0.0006) with substantial het-
erogeneity (1> = 58%), highlighting the link between
CV percentage and DR (Suppl. File 4). Furthermore,
stratification based on TIR percentage was performed in
two studies, with participants categorized as TIR < 70%
and TIR > 70% in accordance with American Diabetes
Association (ADA) recommendations [21]. While not
statistically significant, TIR< 70% exhibited an odds
ratio of 2.06 (95% Cl: 0.85, 4.97, p = 0.11) for the risk
of DR (Suppl. File 5). These findings, with corresponding
figures, collectively emphasize the significant associa-
tions between CGM-derived metrics and the presence
of diabetic retinopathy.
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Figure 1. PRISMA Flow Diagram 2020

CGM — continuous glucose monitoring; T1D — type 1 diabetes; TIR — time in range

Risk of bias

Risks of bias were assessed using Newcastle-Otta-
wa Scale (Suppl. File 6). All of the study are considered
good quality.

Discussion

HbA1c offers a basic view of average glucose
levels over a few months but lacks insight into daily
fluctuations and hypoglycemia [22, 23]. HbA1c mainly
reflects high blood sugar and doesn’t consider glycemic
variability or daily pattern [12]. It can also vary due to
conditions like anemia or kidney diseases, even when
these conditions are not present, it can give a wide
range of mean glucose value [13, 22].

In contrast, CGM metrics, like TIR, offer real-time in-
sights into glycemic control [23]. CGM tracks time spent
in target glucose ranges, identifying trends toward
high or low blood sugar. [8] This technology catches
quick changes in daily glucose levels, enabling prompt
therapy adjustments [8]- It is important to note that
CGM values can differ from lab-based measurements
like HbA1c and mean plasma glucose [24].

Critical CGM metrics include TIR, time below range
(TBR), and time above range (TAR), with the goal be-
ing to increase TIR while decreasing TBR [8]. This study
also considered metrics like MAGE, CV and SD to assess
daily glucose variability. Studies have demonstrated
the usefulness of these metrics in assessing glucose
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Figure 2. TIR and Diabetic Retinopathy

Cl — confidence interval; DR — diabetic retinopathy; NDR — non-diabetic retinopathy; SD — standard deviation; TIR — time

in range

variability and its link to microvascular complications
in T2D [25, 26].

It has been widely recognized that persistently high
levels of blood sugar play a significant role in causing
severe complications and mortality in diabetes [27].
Numerous metabolic processes have been implicated
in the vascular damage resulting from elevated blood
sugar, including the polyol pathway, the accumula-
tion of advanced glycation end products, activation
of the protein kinase C pathway, and engagement of
the hexosamine pathway [17]. However, presently, the
fluctuation of daily blood glucose levels has emerged as
a notable contributor to the development of micro- and
macrovascular complications in diabetes [27]. Rapid
fluctuations in blood sugar levels can lead to increased
oxidative stress, inflammation, compromised endothe-
lial function, and changes in gene expression [26].

A Cochrane review reveals that elevated HbA1c lev-
els independently raise the risk of proliferative diabetic
retinopathy (PDR) in T2D. Similarly, advanced retinopa-
thy stages are linked to increased PDR risk [28]. Notably,
two cohort studies emphasize the role of glycemic con-
trol assessed by HbA1c in diabetic retinopathy develop-
ment and progression [29, 30]. A study by Tsujimoto
et al. [31] revealed that after 4 years, individuals with
good glycemic control experienced significantly lower
incidence of vision-threatening retinopathy than those
with poor control. However, there are participants with
good glycemic control that also develop DR. Exploring
the risk of DR in individuals with similar HbA1c levels
but differing glycemic variation profiles, as assessed
by CGM presents intriguing ideas for future research.

This study demonstrated that lower TIR and higher
MAGE, CV SD significantly associated with DR. The asso-
ciation between TIR and DR in our study consistent with
clinical trials reporting that glycemic control prevents
or delays the development and progression of DR and
development of microalbuminuria [13]. Moreover, cur-
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rent evidence demonstrated the associations between
TIR and diabetes-related complications, such as DR,
albuminuria, cardiovascular autonomic neuropathy,
and peripheral neuropathy [23, 32, 33].

Several limitations should be considered in inter-
preting our findings. The relatively small number of
available studies might impact the strength of our
meta-analysis results. The prevalence of cross-sectional
studies makes it challenging to establish cause-and-
-effect relationships and understand the underlying
mechanisms. Additionally, the regional focus of the
studies in Asia limits the generalization of our conclu-
sions to broader populations.

The use of different CGM models across studies
introduces potential heterogeneity in data interpreta-
tion. CGM devices from different manufacturers may
vary in accuracy, calibration requirements, and data
interpretation algorithms, influencing the consistency
of CGM-derived metrics across studies. Variability in
sensor placement, calibration techniques, and patient
adherence further adds to the diversity in CGM data.
Moreover, variations in CGM data reporting could af-
fect the consistency of our findings.

Despite these limitations, our study has practi-
cal implications and suggests directions for future
research. Our results can aid in identifying individuals
at a higher risk of DR, enabling timely interventions.
Notably, the variability in glycemic profiles among pa-
tients with similar HbA1c levels emphasizes the need
for tailored approaches in managing DR and related
complications.

To enhance our understanding, future studies
could explore longer follow-up durations and employ
prospective designs to uncover causal relationships be-
tween specific glycemic patterns and DR onset or pro-
gression. Intervention studies focusing on improving
TIR through targeted therapeutic interventions, such
as medication adjustments, lifestyle modifications, or
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personalized treatment plans, could help explain the
direct impact of glycemic variability on DR outcomes. By
monitoring changes in TIR alongside traditional mark-
ers like HbA1c, these studies can assess the efficacy
of interventions in optimizing glycemic control and
reducing the risk of DR development or progression.
These insights can guide clinical strategies towards
personalized medicine and precision healthcare, where
treatment decisions are tailored to individual patient
characteristics and metabolic profiles.

Conclusions

In conclusion, our study revealed that lower TIR is
significantly associated with DR in T2D patients. Addi-
tionally, higher SD, MAGE, and CV were linked to the
presence of DR. These findings emphasize the potential
utility of these CGM-derived metrics in assessing and
managing the risk of DR in individuals with T2D.
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