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Abstract: Continuous Glucose Monitoring (CGM) has transformed diabetes management by providing real-time glucose data,
improving glycemic control, and potentially influencing patient well-being. However, the extent to which CGM affects health-
related quality of life (HR-QoL) in individuals with type 2 diabetes mellitus (T2DM) remains unclear. This systematic review
aimed to evaluate the effects of CGM on QoL and glycemic outcomes in adults with T2DM by comparing CGM use with conventional
self-monitoring of blood glucose (SMBG). A systematic literature search was conducted in March 2025 across Scopus, MEDLINE,
and EBSCO databases. Eligible studies included adult T2DM patients using CGM (flash or real-time), reported QoL and HbAlc
outcomes, and provided a control group. Out of 1525 identified records, five studies met the inclusion criteria. CGM was consistently
associated with greater HbA 1c reduction than SMBG, with two studies reporting statistically significant improvements. However, most
studies showed no significant difference in QoL between CGM and control groups, except for one study reporting psychological
benefit. Methodological quality was moderate, with JADAD scores ranging from 2 to 3. In conclusion, CGM use in T2DM patients is
associated with improved glycemic control and may provide psychological benefits, although its overall impact on QoL remains
inconclusive. Further long-term studies using diabetes-specific QoL tools are needed to better understand the broader implications of
CGM on patient-centered outcomes.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder marked by insulin resistance and relative insulin
deficiency, leading to persistent hyperglycemia.' Its global prevalence continues to rise sharply, driven by sedentary
lifestyles, unhealthy dietary patterns, and population aging.” According to the International Diabetes Federation (IDF), an
estimated 537 million adults were living with diabetes globally in 2021, and this number is expected to reach 643 million
by 2030 and 783 million by 2045.% This increasing burden imposes significant challenges not only clinically, but also
economically and psychosocially, as it often results in complications, reduced productivity, and lowered quality of life for
patients and their families.*

Managing T2DM requires rigorous glycemic control to prevent both microvascular and macrovascular
complications.® Achieving these goals, however, is not straightforward. Patients must engage in daily self-monitoring
of blood glucose, adhere to pharmacotherapy, maintain dietary restrictions, and incorporate regular physical activity.”*
These ongoing self-care activities can be physically and emotionally exhausting, potentially leading to treatment fatigue,
reduced adherence, and deterioration in psychosocial well-being.” As a result, there is growing interest in innovations
that not only optimize glycemic control but also minimize treatment burden and support quality of life.
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One such innovation is continuous glucose monitoring (CGM), a technology that provides real-time data on
interstitial glucose levels through a subcutaneous sensor. Unlike traditional self-monitoring of blood glucose (SMBG),
which requires finger-prick testing, CGM enables dynamic monitoring with trend analysis and hypoglycemia/hypergly-
cemia alerts.'® Initially utilized for patients with type 1 diabetes, CGM is now being adopted by individuals with T2DM,
particularly those using intensive insulin therapy or those with problematic glucose fluctuations.'' Its increased avail-
ability and affordability have made CGM a valuable tool in modern diabetes management.

The potential impact of CGM extends beyond clinical outcomes. Health-related quality of life (HR-QoL) is
a multidimensional construct that includes physical, psychological, and social domains of health. Patients with T2DM
often report lower HR-QoL due to the daily burden of disease management, fear of complications, and emotional distress
associated with glycemic instability.'? Studies suggest that the use of CGM can reduce glycemic variability and
hypoglycemic episodes, potentially easing the psychological burden and improving patient confidence in managing
their condition.'® Additionally, CGM may provide greater flexibility and convenience, thus enhancing treatment
satisfaction and reducing the perceived intrusiveness of diabetes care.'*'*

Given the potential benefits of CGM not only on glycemic metrics but also on patient-reported outcomes, it is
essential to understand its effect on HR-QoL in individuals with T2DM. While several studies have explored this topic,
their results vary, and a comprehensive synthesis of the evidence is needed. Therefore, this systematic review aims to
evaluate the impact of CGM on HR-QoL among patients with T2DM by comparing outcomes with conventional glucose

monitoring strategies, providing insight into the broader implications of CGM in diabetes care.

Method

This systematic review was carried out following the methodological framework outlined in the Cochrane Handbook for
Systematic Reviews of Interventions,'” along with additional guidance from the Centre for Reviews and Dissemination
(CRD) at the University of York.'® The reporting process complied with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) standards to ensure transparency and reproducibility.

Search Strategy

A comprehensive literature search was performed in March 2025, targeting studies relevant to the review topic through
the Scopus, MEDLINE, and EBSCO databases. Articles were selected based on predefined eligibility criteria. To
optimize the retrieval process, Boolean operators like “AND” and “OR” were used to either narrow or broaden search
results as appropriate. In addition, Medical Subject Headings (MeSH) were applied to enhance the precision of the

search.'>!” The complete list of keywords and search terms used is provided in Table 1.

Table | Search Strategy in Literature Database Exploration

Database | Search Terms

MEDLINE | (“Type 2 Diabetes Mellitus”"[MeSH Terms] OR “T2DM”[Title/Abstract] OR “type 2 diabetes”[Title/Abstract]) AND (“Continuous
Glucose Monitoring”[MeSH Terms] OR “CGM”[Title/Abstract] OR “Flash Glucose Monitoring”[Title/Abstract] OR “FGM”[Title/
Abstract] OR “real-time CGM”[Title/Abstract]) AND (“Quality of Life”[MeSH Terms] OR “QoL”’[Title/Abstract] OR “life
quality”[Title/Abstract]) AND (“randomized controlled trial”[Publication Type] OR “observational study”[Title/Abstract])

Scopus (“type 2 diabetes mellitus” OR “T2DM”) AND (*“continuous glucose monitoring” OR CGM OR *“flash glucose monitoring” OR FGM
OR “real-time CGM”) AND (“quality of life” OR QoL OR “life quality”) AND (*randomized controlled trial” OR RCT OR

“observational study”)

EBSCO (MH “Diabetes Mellitus, Type 2” OR “type 2 diabetes” OR T2DM) AND (MH “Glucose Monitoring, Continuous” OR “continuous
glucose monitoring” OR CGM OR “flash glucose monitoring” OR FGM OR *“real-time CGM”) AND (MH “Quality of Life” OR QoL
OR “life quality”) AND (PT *“Randomized Controlled Trial” OR “observational study”)
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Study Selection

All references identified through the database search were imported into Zotero version 6.0.13 (Corporation for Digital
Scholarship, Vienna, USA) for management, and duplicate entries were removed. The screening process was conducted
in two sequential phases: an initial assessment based on titles and abstracts, followed by a full-text review. Two
independent reviewers (AD and IRL) performed both phases of screening. Studies were eligible for inclusion if they
were published from 2015 onward, involved adult patients aged 18 years or older with a diagnosis of type 2 diabetes
mellitus, and examined the use of Continuous Glucose Monitoring (CGM) systems—including flash glucose monitoring
(FGM) and real-time CGM. Only studies that evaluated both quality of life (QoL) and HbAlc outcomes and included
a comparator group using SMBG were included. Eligible study designs encompassed randomized controlled trials
(RCTs) and observational studies with appropriate comparator groups or baseline measures.

Studies were excluded if they involved pregnant participants, critically ill individuals, patients in postoperative or
post-transplant care, or those admitted to the intensive care unit (ICU). Additional exclusion criteria included studies
lacking a control group for QoL measurement, studies reporting only QoL or only HbAlc outcomes, and those not
specifically targeting type 2 diabetes mellitus (T2DM) populations. Non-original research such as review articles, study
protocols, conference abstracts, and publications in languages other than English were also excluded. Any disagreements

during the selection process were resolved through discussion and consensus between the reviewers.

Data Extraction

Two independent reviewers (AD and IRL) extracted data manually into a structured template using Microsoft™ Excel®
2019 MSO version 2210 (Microsoft Corporation, Redmond, WA, USA). The extracted variables included information
such as author name, country of origin, study design, population characteristics, study setting, duration of follow-up, type
of quality of life (QoL) assessment used, QoL scores, and changes in HbA1C levels before and after the intervention.

Risk of Bias
The quality of the included studies was evaluated independently by two reviewers (AD and IRL) using the JADAD

scoring system. This tool assesses methodological quality based on three critical components: randomization procedures,
blinding methods, and descriptions of participant withdrawals or dropouts. Scores range from 1 (poor quality) to 5 (high
quality), providing a straightforward yet comprehensive evaluation of study rigor.'® Any disagreements between the
reviewers were resolved through discussion with other team members.

Data Synthesis

Descriptive statistics were used to summarize and characterize the features of the included studies. Due to heterogeneity
in study methodologies and outcome measures, a narrative synthesis approach was adopted. The synthesis process
involved collaborative discussion among reviewers to validate findings and followed guidance from the Centre for

Reviews and Dissemination (CRD) at the University of York for conducting high-quality systematic reviews.'®

Results

A total of 1016 records were identified from Scopus, 396 from MEDLINE, and 113 from EBSCO databases. After
removing 476 duplicate entries, 1049 unique articles remained for title and abstract screening. Of these, 574 articles were
excluded due to not being in English or not constituting original research. The remaining studies were assessed for
eligibility, resulting in 63 articles that met the preliminary criteria. Upon further evaluation, 58 studies were excluded for
reasons including reporting only QoL or HbA1C outcomes, lack of a control group for these measurements, or not being
specifically focused on type 2 diabetes mellitus (T2DM). Ultimately, five studies met the full inclusion criteria and were
included in this systematic review. A visual summary of the study selection process is presented in the flow diagram

(Figure 1), while detailed study characteristics are summarized in Table 2.
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Figure | The PRISMA flowchart of study selection process. PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. Creative Commons.

Appraisal of the Included Studies’ Quality

Evaluating the methodological quality of studies is essential, particularly when assessing the effectiveness of medical
interventions that inform clinical decisions. In this review, all five included studies were assessed using the JADAD
scoring system.'® None of the studies achieved the maximum score of 5. Three studies—Beck et al (2017), Cox et al
(2020), and Ajjan et al (2023)—scored 3 points, reflecting adequate reporting of randomization methods and participant
withdrawal, although all lacked double-blinding and its description.'®**** The remaining two studies, Lameijer et al
(2021) and Speight et al (2021), scored 2 points due to the absence of both blinding and detailed randomization
procedures.’>*' These results highlight the need for improved methodological rigor in future research, particularly
with respect to blinding, which is a key component in minimizing performance and detection bias. A summary of the risk
of bias based on the JADAD Score for each included study is presented in Table 3.
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Table 2 Summary of Included Study

No Study Country Design Population Setting Follow Measure- Quality of Life (Mean P-value Perubahan HbAIC P-Value
Characteristic Up Ment (SD or CI))
Intervention Control Intervention Control
Group Group Group Group
| Beck et al, North RCT 158 patients ® Intervention Group: received CGM device | 24 weeks | EQ-5D-5L 0.82 (0.14) 0.82 > 0.05 —0.8% (-1.0 to | —0.5% (0.7 | 0.022
(2017)"° America with type 2 DM (n=77) overall index (0.16) —0.7) to —0.3)
® Control Group: Managed without CGM
device (n=73)
2 Speight Australia RCT 299 patients ® ntervention Group: Professional-mode flash | 48 weeks | DIDP 4.4 (4.3-4.6) 4.5 0.58 —0.7% —0.4% 0.059
et al, with type 2 DM glucose monitoring group (n=126) (4347 (12 month) (12 month)
(2021)* ® Control Group: Usual care group (n=130)
3 Lameijer, Nether- Prospec- 45 patients with | ® Intervention Group: participants who con- | 2 years EQ-5D-3L 66.5 (58.9 to 722 > 0.05 —2.5 mmol/ —9.6 mmol/ > 0.05
A etal, lands tive type 2 DM tinued FSL-FGM use for 2 years (n=30) VAS 75.2) (59.9 to mol (—12.1, mol (-23.2,
(2021)*' observa- ® Control Group: participants who stopped 84.5) 7.1) 4.0)
tional FSL-FGM use before the 2-year mark (n=15)
EQ-5D Dutch 0.77 (0.69 to 0.69 > 0.05
Tariff 0.89) (0.54 to
0.83)
SF-12 PCS 435 (392 to 412 > 0.05
47.8) (382to
44.3)
SF-12 MCS 48.8 (45.1 to 46.8 > 0.05
52.5) (41.6 to
52.0)
4 Cox et al, USA RCT 30 adult ® |ntervention Group: GEM using CGM (con- | 20 weeks | WHO-QOL 0.1 +14 0.1 +17 0.26 —1.30% + 0.89 —0.19% * 0.03
(2020)* patients with tinuous glucose monitoring) (n=20) (Physiological) 1.8
T2DM ® Control Group: Routine Care (n=10)
WHO-QOL 04+ 1.6 -08 + 0.01
(Psychological) 1.0
5 Ajjan, RA. UK RCT 141 patients ® |ntervention Group: intermittently scanned | 91 days EQ-5D-5L 0.82 £ 0.16 0.80 + > 0.05 —7 mmol/mol —7 mmol/ >0.05
et al, with T2DM Continuous Glucose Monitoring (isCGM) Utility Score 0.18 mol
(2023)% (n=57)
® Control Group: SMBG (n=72)

Abbreviations: RCT, Randomized Controlled Trial; CGM, Continuous Glucose Monitoring; EQ-5D-5L, EuroQol 5-Dimension 5-Level; FSL-FGM, FreeStyle Libre Flash Glucose Monitoring; DIDP, Dawn impact of Diabetes Profile; EQ-
5D-3L VAS, EuroQol 5-Dimension 3-Level Visual Analogue Scale; SF-12 PCS, Short Form-12 Physical Component Summary; SF-12 MCS, Short Form-12 Mental Component Summary; WHO-QOL, World Health Organization Quality of
Life; GEM, Glycemic Excursion Minimization; SMBG, Self-Monitoring of Blood Glucose.
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Table 3 Quality Assessment by JADAD Score

Author Randomization Description of Double-Blind Description of the | Description of | Total

Randomization Method Blinding Method Withdrawal/ Score
Drop-Out

Beck et al, (2017)"° I | 0 0 | 3

Speight et al, (2021)%° I 0 0 0 | 2

Lameijer, A. et al, (2021)*' I 0 0 0 I 2

Cox et al, (2020)* I I 0 0 I 3

Ajjan, RA. et al, (2023)* I I 0 0 I 3

Discussion

This systematic review aimed to evaluate the impact of continuous glucose monitoring (CGM) on quality of life (QoL)
and glycemic control among patients with type 2 diabetes mellitus (T2DM). After a comprehensive search across Scopus,
MEDLINE, and EBSCO databases, five studies met the inclusion criteria. These studies varied in design, setting,
duration, and QoL assessment tools, but collectively provided valuable insights into the potential benefits and limitations
of CGM in the T2DM population.

All five studies reported changes in HbAlc levels, with four demonstrating reductions in the CGM groups compared
to control groups, though only two achieved statistically significant differences.'®** Beck et al reported a 0.8% reduction
in HbAlc in the CGM group versus 0.5% in the control group (p = 0.022),"” while Cox et al observed a more pronounced
difference of —1.3% versus —0.19% (p = 0.03),%? suggesting that CGM may enhance glycemic control when combined
with intensive self-management programs like Glycemic Excursion Minimization (GEM).**

Interestingly, the study by Speight et al (2021) showed a borderline significant result (p = 0.059),?° and others such as
Lameijer et al (2021) and Ajjan et al (2023) found no significant HbAlc difference.”’** These mixed outcomes could
reflect differences in follow-up duration, CGM usage adherence, intervention intensity, and participant characteristics.>>~
7 For instance, longer durations of CGM use—as seen in Lameijer’s two-year study—might lead to adaptation, while
initial enthusiasm may wane, affecting efficacy.”'

Meanwhile, in terms of quality of life (QoL) outcomes, most studies did not demonstrate statistically significant
differences between the CGM and control groups. Nevertheless, the psychological dimension appears to warrant closer
attention. Cox et al (2020) reported a significant improvement in the psychological domain of the WHO-QOL scale (p =
0.01), indicating that CGM may alleviate anxiety and increase confidence related to glycemic variability and hypogly-
cemia fear.”? This aligns with prior findings suggesting that the reduction in hypoglycemic episodes—common with
CGM—has a strong positive effect on perceived wellbeing.*®

However, the remaining studies—using tools like EQ-5D, SF-12, and DIDP—failed to capture substantial changes in
QoL, with p-values consistently above 0.05. It is possible that these instruments were insufficiently sensitive to detect
subtle changes related to glucose monitoring. Furthermore, some studies, like Ajjan et al (2023), only observed patients
for a short duration (91 days), potentially limiting the time required to translate improved control into perceived QoL
benefits.>

This review also highlights an occasional discordance between clinical improvements in glycemic outcomes and
changes in psychosocial or quality of life (QoL) indicators. For instance, while studies by Beck et al (2017) and Cox et al

(2020) demonstrated significant reductions in HbA ¢ levels,'**

only Cox et al reported improvements in psychological
QoL, specifically in the WHO-QOL psychological domain.?? In contrast, Lameijer et al (2021) reported no significant
changes in either HbAlc or QoL, yet noted slightly higher VAS scores in the control group.?' These inconsistencies
underscore that better glycemic control does not always translate into perceived improvements in daily living, likely due
to factors such as patient expectations, the perceived burden of using CGM technology, and how seamlessly CGM can be

integrated into everyday routines.
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A key factor contributing to the inconclusive QoL findings is the reliance on generic instruments, which may not
adequately capture diabetes-specific experiences such as anxiety, fear of hypoglycemia, or treatment burden. This
limitation likely explains the observed discrepancies between clinical improvements and QoL outcomes. These findings
underscore the importance of employing diabetes-specific QoL measures, such as Audit of Diabetes-Dependent Quality
of Life (ADDQoL) or Diabetes Quality of Life (DQoL), not only for future research but also for critically evaluating the
existing evidence, as their absence may partly account for the currently inconclusive results.?’

In addition to glycemic and psychosocial outcomes, recent evidence has highlighted the potential role of CGM in
facilitating a personalized HbAlc (pHbAlc) approach for individuals with T2DM. Personalized HbAlc integrates
continuous glucose data to provide individualized targets that better reflect each patient’s unique glycemic variability
and risk profile. This concept is particularly relevant for T2DM patients, where treatment goals often vary depending
on age, comorbidities, and therapeutic regimens. As demonstrated by Seidu et al (2024), both real-time and inter-
mittently scanned CGM significantly improved glycemic outcomes while maintaining safety, suggesting that CGM-
derived data can guide more tailored therapeutic decisions.>® Similarly, Heald et al (2025) reported the consistency and
clinical value of the pHbA1c methodology among CGM users, emphasizing its potential to move beyond population-
based targets toward individualized diabetes management.®' Integrating this concept into clinical practice may enhance
patient engagement, optimize treatment adjustments, and further align CGM use with precision medicine in diabetes
care.

Population characteristics and study design also play a pivotal role in determining the impact of CGM.''*** Most
included studies focused on insulin-treated T2DM patients or individuals with suboptimal glycemic control—groups who
are more likely to derive noticeable benefits from CGM use.>* However, in more stable or non-insulin-dependent
populations, the advantages of CGM may be less pronounced. Furthermore, adherence and engagement levels, which
strongly influence the effectiveness of CGM and user satisfaction, were not consistently reported across studies.*> As
highlighted by Peyrot et al (2012), behavioral factors such as duration of CGM usage per day, customization of alert
settings, and patient training significantly shape outcomes and should be considered in future research.®

The current evidence base presents several important limitations that must be acknowledged to enhance our under-
standing of CGM’s broader impact. The small number of high-quality randomized controlled trials (RCTs), variability in
QoL measurement tools, heterogeneity in study design, sample size, and follow-up durations make it difficult to
generalize findings. Only one study—Lameijer et al (2021)—assessed outcomes beyond a one-year period, leaving the
long-term impact of CGM on QoL largely unknown.*' Furthermore, none of the included studies explored cost-
effectiveness or equity of access, despite CGM’s relatively high cost and the growing concerns about health disparities,
particularly in low- and middle-income settings. Collectively, these factors mean that data synthesis remains descriptive
and narrative, with no meta-analysis or pooled effect estimates for either glycemic or QoL outcomes. With only five
studies included, the review primarily provides a narrative summary rather than a robust synthesis of evidence, limiting
the strength and generalizability of the conclusions.

Another limitation is the lack of consideration for cost-effectiveness and accessibility of CGM for diverse popula-
tions. While CGM has demonstrated clinical and psychosocial benefits, its relatively high cost may limit availability,
particularly in low- and middle-income settings, potentially exacerbating health disparities.>” None of the included
studies systematically evaluated economic outcomes or equity of access, leaving a gap in understanding the broader
implications of CGM implementation. Future research should incorporate health economic analyses and assess access
across diverse patient groups to inform policy decisions and ensure equitable benefit distribution.

To strengthen the evidence base, future research should employ diabetes-specific QoL instruments such as the Audit
of Diabetes-Dependent Quality of Life (ADDQoL) or the Diabetes Quality of Life (DQoL) scale, which may be more
sensitive to subtle changes.*®*° Investigations should also include diverse subgroups such as the newly diagnosed,
elderly, or low-literacy populations, who may experience CGM differently. Moreover, systematic reporting of patient
adherence and satisfaction metrics, evaluation of economic outcomes, and assessment of changes in healthcare utilization
are essential. Mixed-methods approaches that integrate both quantitative data and qualitative patient perspectives could
also provide a more comprehensive understanding of CGM’s impact on quality of life in T2DM.
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Conclusion

This systematic review highlights that while CGM consistently contributes to improved glycemic control in patients with
T2DM, its impact on HR-QoL remains inconclusive. Most studies did not demonstrate statistically significant differences
in QoL outcomes between CGM users and those relying on conventional monitoring; however, certain psychological
benefits—such as reduced anxiety and greater treatment satisfaction—were observed in select studies. The variability in
QoL outcomes may stem from differences in study design, duration of follow-up, population characteristics, and the
sensitivity of QoL measurement tools used. Despite these limitations, CGM shows promise as a patient-centered tool that
may enhance both clinical and psychosocial aspects of diabetes management, particularly when appropriately tailored to
patient needs and supported by adequate training and engagement. Future research should focus on long-term studies, use
of diabetes-specific QoL instruments, and inclusion of behavioral, economic, and equity-related outcomes to provide
a more comprehensive understanding of CGM’s role in T2DM care.
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