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Introduction
Real-time continuous glucose monitoring (RT-CGM) is considered the most 
effective technological tool for reducing acute and chronic complications 
in type 1 diabetes (T1D) mellitus. Fear of hypoglycemia (FOH) affects 
50-85 % of adults with T1D and represents a key psychological barrier 
to optimal glycemic control (1-3). To avoid hypoglycemic episodes, 
many people deliberately maintain higher glucose levels, driving their 
glycated hemoglobin (HbA1c) by 0.5-1.0 percentage points above target 
and lowering health-related quality of life by up to 25% (4,5). In large 
observational cohorts, individuals with high FOH scores show a 60% 
increase in deliberate hyperglycemia and a 2.3-fold rise in diabetic 
ketoacidosis (6-9).

RT-CGM supplies continuous glucose values, trend arrows, and 
customizable alarms that directly address FOH related concerns (10-13). 
Landmark trials such as DIAMOND, GOLD, and IMPACT demonstrated 
38-55% fewer severe hypoglycemic events, an 8-15% increase in 
timeinrange, and a 15-30% reduction in FOH as measured by the 
hypoglycemia  fear survey-II (HFS‑II) (14-17). In DIAMOND, for example, 
RT-CGM lowered HbA1c by 0.6% while improving the HFS‑II behavior and 
worry subscales by 23% and 28%, respectively (18,19).

Despite the growing evidence base, critical knowledge gaps remain 
regarding how much sensor wear is necessary to obtain psychological 
benefit. Most studies focus on uninterrupted use and overlook 
structured, intermittent protocols (20-22). The IN CONTROL study found 
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p=0.77).
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continuous wear may not be necessary for short-term psychological benefit. FOH remained linked to treatment adherence, diabetes 
duration, and recent hyperglycemic events. Larger prospective studies with objective wear time data are warranted to define the 
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Keywords: Diabetes mellitus type 1, continuous glucose monitoring, hypoglycemia, fear

DOI: 10.4274/imj.galenos.2025.91033

https://orcid.org/0000-0003-2925-7048 
https://orcid.org/0000-0002-0248-9191 
https://orcid.org/0000-0002-2315-9458 
https://orcid.org/0000-0002-1469-5750 
https://orcid.org/0000-0003-2653-0213 
https://orcid.org/0009-0008-9553-609X 
https://orcid.org/0000-0001-6582-7031 
https://orcid.org/0000-0001-5603-0004 


İstanbul Med J 2025; 26(4): 341-7

342

sustained FOH improvements only among participants who used their 
sensor more than 85% of the time (23), whereas a multicenter analysis 
showed a clear dose-response relationship between sensor wear and 
FOH reduction (17). In addition, the interaction between insulin-delivery 
modality and RT-CGM adherence is poorly characterized; pump users 
typically achieve 88-95% adherence compared with 65-78% in pen users, 
yet the impact on FOH is uncertain (24,25).

Evidence-based guidance on prescribing and implementing RT-CGM 
is therefore urgently needed. The HypoCOMPaSS trial suggested that 
combining RT-CGM with insulin pump therapy yields the greatest FOH 
benefit (26), but a recent systematic review highlighted heterogeneous 
responses across patient sub-groups (20). These conflicting findings 
underscore the need for patientcentered RT-CGM strategies.

The present cross-sectional study addresses this gap by comparing 
continuous versus intermittent RT-CGM useintensity and examining 
their associations with FOH in adults with T1D. By clarifying whether 
partial sensor use is sufficient to alleviate FOH -and how insulin‑delivery 
method modifies this relationship- we aim to provide practical guidance 
for diabetes teams and identify priorities for future research.

Methods

Study Design and Setting

This was a singlecenter, cross-sectional study carried out in the adult 
endocrinology clinic of Koç University Hospital between October 
2023 and June 2025. The protocol was approved by the Koç University 
Committee on Human Research (approval number: 2023.357.IRB2.074, 
date: 19.10.2023) and complied with the Declaration of Helsinki. All 
participants gave written informed consent.

Participants

Adults (≥18 years) with T1D diagnosed for at least one year were screened 
consecutively. Inclusion criteria were:

1.	RT-CGM use at any time during the preceding 24 weeks.

2.	Ability to read and complete questionnaires in Turkish.

We excluded pregnancy, end-stage renal disease, cognitive impairment, 
or major psychiatric disease. Forty-three patients met the criteria and 
were enrolled.

Participants were divided, using device logs and patient diaries, into

•	 Continuous users - sensor worn every week during the 24-week  
	 window (n=26) and

•	 Intermittent users - cumulative wear 4-12 weeks (n=17).

Measures

Primary Outcome-Fear of Hypoglycemia

FOH was measured with the Turkish HFS-II. The version used in this 
study contains 32 items- 15 in the behavior subscale and 17 in the 
worry sub‑scale - because the original Turkish validation removed worry 
item 19 for cultural reasons (27). Each item is scored from 0 (never) to 
4 (always), giving sub‑scale ranges of 0-60 and 0-68 and a total score 

range of 0-128; higher scores reflect greater fear. There is no universally 
accepted cut-off for clinical FOH in the HFS-II-TR; therefore, scores 
were treated as continuous variables. In the validation study, internal 
consistency was excellent (Cronbach’s α: 0.77 for behavior, 0.91 for 
worry, 0.90 for total). 

Exposure - RT-CGM UseIntensity

Use‑intensity was defined as above (continuous vs. intermittent).

Covariates

Age, sex, diabetes duration, body mass index  (BMI), HbA1c, 
insulin‑delivery method (pump vs. pen), private insurance status, 
self‑rated treatment adherence (5‑point Likert scale), number of 
symptomatic hypo‑ and hyperglycemia episodes in the past month, and 
prior structured hypoglycemia education were extracted from records or 
patient interviews.

Sample-Size and Power

A priori calculation (twosided α: 0.05, power: 0.80) showed that 64 
participants (32 per group) were needed to detect a moderate effect 
(Cohen’s d: 0.5) in HFS-II total scores. Because only 43 patients were 
recruited, the study is underpowered and may incur type II error.

Statistical Analysis

Analyses were performed with SPSS v26 (IBM Corp., Armonk, NY, USA). 
Kolmogorov-Smirnov test assessed normality. Data are expressed as 
mean ± standard deviation or median (interquartile range) and n (%).

Comparisons: Independent-samples t  tests (or Mann-Whitney  U) 
compared continuous variables; χ² (or Fisher’s exact) compared 
categorical variables.

Associations: Pearson correlation (or Spearman when non-normal) 
examined links between FOH scores and covariates.

Multivariable model: Multiple linear regression estimated the 
independent effect of RT-CGM use-intensity (reference = intermittent) 
on the HFS-II total score, adjusting for all covariates listed above. 
Multicollinearity was checked (varianceinflation factor <2).

Twotailed p<0.05 signified statistical significance. Missing data were 
≤5% for all variables and were imputed by series mean (continuous) or 
mode (categorical).

Results

Participant Flow and Baseline Characteristics

Of the 63 adults screened, five were excluded (end-stage renal disease: 
2, pregnancy: 2, major psychiatric disorder: 1), and 15 did not return 
a completed survey, leaving 43 participants for analysis (Figure 1). 
The mean age was 42.1±11.5 years, and 67% were women. Twenty-
six individuals (60%) wore RT-CGM continuously throughout the 24-
week window, whereas 17 (40%) used it intermittently for a cumulative 
4-12 weeks. Insulin-pump therapy was more common in continuous 
users (50% vs. 18%), while pen therapy predominated in intermittent 
users (82%). Private insurance coverage also differed (23% vs. 59%, 
p=0.02). All other demographic and clinical variables were comparable 
between the groups (Table 1).
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Fear of Hypoglycemia Due to the Intensity of RT-CGM Use-Intensity

Mean HFS-II-TR scores were: behavior 17.7±13.1 vs. 14.5±6.7 

(p=0.37), worry 19.0±13.7 vs. 20.4±14.4 (p=0.75) and total 36.7±22.1 

vs. 34.9±18.6 (p=0.79) for continuous and intermittent users, 

respectively (Figure 2).

Bivariate Correlations

HFS-behavior correlated with HFS-worry (r: 0.46, p=0.002) and HFS-total 

(r: 0.75, p<0.001). Higher HFS-total was modestly associated with poorer 

self‑rated treatment adherence (r =-0.32, p=0.04) and showed a non-

significant inverse trend with diabetes duration (r =-0.27, p=0.08). No 

correlation was observed for age, BMI, or HbA1c (Table 2).

Sub-Group Comparisons

HFS-worry scores were higher among participants who reported 

structured hypoglycemia education (23.2±14.0 vs. 14.6±11.0, p=0.03) 

and those with at least one symptomatic hyperglycemia episode in the 

previous month (21.6±14.1 vs. 14.0±10.7, p=0.03). FOH did not differ by 

sex, educational level, smoking, alcohol use, or household composition 

(Table 3).

Multivariable Analysis

After adjustment for prespecified covariates, RT-CGM useintensity was not 

an independent predictor of HFS-total (β=-1.2 points, 95%  confidence 

interval: -9.5  to 7.1, p=0.77). Only longer diabetes duration retained a 

modest negative association (β=-0.35 points year-¹, p=0.049). Model 

diagnostics were satisfactory (adjusted R²: 0.19; variance inflation 

factor <1.6) (Table 4).

Discussion

This cross-sectional study assessed whether wearing RT-CGM sensors 

every week for six months confers greater psychological benefit than 

wearing them only part of the time. Contrary to our a-priori expectation, 

FOH scores did not differ between continuous and intermittent users, 

even though the continuoususe group contained a higher proportion 

of insulin-pump users. The finding challenges the common assumption 

of a strict dose-response relationship between sensor wear-time and 

psychological outcomes.

Our result diverges from landmark trials such as IN CONTROL and the 

dose-response analysis by Heinemann et al. (17), both of which reported 

larger FOH reductions when wear-time exceeded 85%  (24). Important 

methodological differences may explain the discrepancy. Those studies 

enrolled participants with impaired hypoglycemia awareness and 

followed them for 12 months or longer, whereas our cohort comprised 

unselected clinic attenders followed for six months. An initial phase 

of structured RT-CGM exposure may be sufficient for many patients 

to internalize glucose-trend information and develop safer self-

management behaviors. Beyond this point, additional sensor use might 

yield diminishing psychological benefits.

Figure 1. Participant flow chart for the cross-sectional RT-CGM study
Flow chart depicting the recruitment, exclusion, and retention of study 
participants. A total of 63 adults with type 1 diabetes were screened for 
eligibility. Five participants were excluded due to end-stage renal disease 
(n=2), pregnancy (n=2), and major psychiatric disorder (n=1). Of the 58 
eligible individuals, 15 did not complete the survey. The final analytic 
sample comprised 43 participants who completed the fear of hypoglycemia 
survey and met all inclusion criteria

Table 1. Baseline demographic and clinical characteristics, overall and by RT-CGM use intensity

Variable Continuous use (n=26) Intermittent use (n=17) Total (n=43) p value†

*Female sex, n (%) 19 (73.1%) 10 (58.8%) 29 (67.4%) 0.32

Age, y, mean ± SD 44.7±12.3 38.1±9.1 42.1±11.5 0.06

Body mass index, kg m-², mean ± SD 24.1±3.6 23.8±3.7 24.0±3.6 0.82

*Private insurance, n (%) 6 (23.1%) 10 (58.8%) 16 (37.2%) 0.01

*Insulin pump therapy, n (%) 13 (50.0%) 3 (17.6%) 16 (37.2%) 0.03

Diabetes duration, y, mean ± SD 19.2±9.8 15.2±9.5 17.6±9.8 0.19

HbA1c, %, mean ± SD 7.4±0.9 7.1±1.0 7.3±0.9 0.29

*Percentages are column percentages. †Student’s t-test for continuous variables; χ² test for categorical variables
SD: Standard deviation, HbA1c: Glycated hemoglobin, RT-CGM: Real-time continuous glucose monitoring
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Figure 2. Fear of hypoglycemia scores by subscale and RT-CGM use-intensity
Box-and-whisker plots of hypoglycemia fear survey-II scores across subscales (behavior, worry, and total) compare real-time continuous glucose monitoring users 
(n=26) and intermittent users (n=17). The horizontal orange lines indicate the median, while red dashed lines represent the mean values. Boxes denote the 
interquartile range (IQR), and whiskers extend to 1.5× IQR. Outliers are plotted as individual dots. No statistically significant differences were observed between 
groups for any subscale (Student’s t test; behavior p=0.37, worry p=0.75, total p=0.79)

Table 2. Pearson correlations between HFS-II scores and continuous covariates (n=43)

Covariate HFS-behavior (r, p) HFS-worry (r, p) HFS-total (r, p)

Age (years) 0.08 (0.61) 0.04 (0.80) 0.06 (0.71)

Body mass index (kg m-²) -0.05 (0.76) -0.11 (0.48) -0.09 (0.58)

HbA1c (%) 0.09 (0.55) 0.14 (0.37) 0.12 (0.43)

Diabetes duration (years) -0.22 (0.16) -0.28 (0.07) -0.27 (0.08)

Treatmentadherence score† -0.30 (0.05) -0.28 (0.07) -0.32 (0.04)

Symptomatic hypoglycemia (events · month-¹) 0.15 (0.34) 0.18 (0.25) 0.17 (0.28)

Symptomatic hyperglycemia (events · month-¹) 0.21 (0.18) 0.31 (0.03) 0.27 (0.09)
†Five-point Likert scale, 5: excellent adherence. HbA1c: Glycated hemoglobin, HFS: Hypoglycemia fear survey

Table 3. Group comparisons of HFS-II scores across selected categorical variables

Variable Category Behavior mean ± SD p† Worry mean ± SD p† Total mean ± SD p†

Sex Female (n=29) 17.9±12.0 0.21 21.4±14.1 0.20 39.3±20.5 0.12

Male (n=14) 13.4±8.2   15.7±12.7   29.1±19.6  

Insulin-delivery modality Pen (n=27) 17.6±11.3 0.35 18.5±11.7 0.51 36.1±19.3 0.95

Pump (n=16) 14.4±10.5   21.4±17.1   35.8±23.3  

Structured hypoglycemia education Yes (n=33) 16.5±11.8 0.89 21.3±15.1 0.02 37.8±22.2 0.17

No (n=10) 16.0±8.4   13.9±5.8   29.9±13.0  

Symptomatic hyperglycemia (past month) Present (n=32) 16.3±8.9 0.89 22.2±13.8 0.03 38.5±18.4 0.17

Absent (n=11) 16.8±16.3   11.9±11.0   28.7±25.4  
†Independent-samples t-test. Bold p values indicate statistical significance at α: 0.05. SD: Standard deviation, HFS-II: Hypoglycemia fear survey-II
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Several recent real-world investigations support this interpretation. A 

2023 systematic review and meta-analysis including 51 studies (8,966 

adults with T1D) showed that reductions in FOH (HFS-worry subscale) 

occurred after as little as eight weeks of real-time CGM use, indicating 

that psychological benefits can emerge early (28). Similarly, the FUTURE 

cohort study (1,905 adults using intermittently scanned CGM) reported 

significant improvements in HFS-worry scores over 24 months among 

individuals with impaired hypoglycemia awareness (22.8 → 20.6, 

p=0.002), although adherence criteria were not specified (29). Another 

prospective study of 121 adults with severe hypoglycemia found 

increased confidence in managing low glucose after 12 months of isCGM 

use, with participants describing a greater sense of safety even with 

intermittent scanning (30). Together with our data, these studies suggest 

that for many adults, a partialuse strategy may be psychologically 

adequate, especially when cost or device fatigue threatens long-term 

adherence.

The role of insulin‑delivery modality warrants comment. As expected, 

pump therapy was more common among continuous users, mirroring 

registry data that show 88-95% RT-CGM adherence in pump users versus 

65-78% in pen users (24,25). Nevertheless, insulin modality did not 

remain a significant predictor of FOH after multivariable adjustment. 

This finding contrasts with the randomized HypoCOMPaSS trial, where 

combining RT-CGM with pump therapy produced the largest FOH gains 

(26). Our observational design, shorter follow-up and inclusion of 

participants using next-generation pens may have diluted modality-

specific effects.

Emerging data from automated insulin‑delivery systems provide 

additional context. A 2024 real-world study of hybrid closed-loop 

therapy demonstrated 24.9% reductions in FOH despite average time 

in automatic mode of only 64.3% (31). Algorithms that attenuate 

both hypo- and hyperglycemic excursions may therefore magnify the 

psychological benefit of partial sensor use; some of our intermittent 

users may have experienced a similar effect through behavioral pattern 

recognition even without closed-loop automation.

Study Limitations

Key strengths include the use of a HFS-II-TR instrument, collection of 
objective wear-time logs, and adjustment for multiple clinical and 
socioeconomic confounders. Limitations, however, must temper 
interpretation. First, the sample was underpowered to detect small 
between-group differences; a priori calculation indicated that 64 
participants would be required for 80% power. Recruitment was 
particularly challenging due to the limited accessibility and high cost of 
RT-CGM devices in our country, which restricted the eligible sample size. 
Second, our six-month window may be too short to observe incremental 
psychological advantages of continuous use. Third, sensor wear-time 
was classified categorically rather than as a continuous percentage; finer 
granularity might reveal threshold effects. Finally, FOH and treatment 
adherence relied on self-report and may be prone to recall or social-
desirability bias.

Clinical Implications

For adult outpatients already familiar with RT-CGM, prescribing 
continuous wear may not be essential to achieve shortterm FOH relief. 
Structured intermittent protocols- particularly when combined with 
targeted hypoglycemia education- could represent a costeffective 
alternative, reserving full-time sensor use for those with persistent FOH 
or high hypoglycemic risk. Clinicians should therefore individualise 
wear-time targets, taking patient preference, insurance coverage, and 
technology fatigue into account.

Future Research

Prospective studies with larger samples and ≥12-month follow-up 
should validate the apparent plateau in FOH benefit beyond moderate 
wear-time and explore whether hybrid closed-loop systems shift this 
threshold. Mixed-methods designs incorporating qualitative interviews 
would help clarify which sensor features (alarms, trend arrows, 
retrospective reports) drive psychological improvement and for whom.

Table 4. Multiple linear regression predicting HFS-II total score (n=43)

Predictor (reference) B ± SE* 95% CI Standardized β p

RT-CGM use intensity (continuous: 1, intermittent: 0) -1.2±4.0 -9.5 to 7.1 -0.04 0.77

Diabetes duration (years) -0.35±0.17 -0.70 to -0.01 -0.32 0.04

Age (years) 0.08±0.18 -0.29 to 0.45 0.07 0.66

Female sex (male: 0) 4.6±5.7 -6.9 to 16.1 0.13 0.44

HbA1c (%) 1.9±2.2 -2.6 to 6.4 0.14 0.39

Insulin pump therapy (pen: 0) 3.1±5.0 -7.1 to 13.3 0.10 0.54

Private insurance (no: 0) 5.8±5.3 -5.1 to 16.7 0.17 0.29

Treatment-adherence score† -2.1±1.1 -4.4 to 0.2 -0.28 0.06

Symptomatic hypoglycemia (events · mo-¹) 0.22±0.43 -0.66 to 1.10 0.09 0.62

Symptomatic hyperglycemia (events · mo-¹) 0.58±0.36 -0.15 to 1.31 0.24 0.11

*B ± SE indicates the unstandardized regression coefficient (B) and its standard error (SE). †Five-point Likert scale; higher scores indicate better adherence. HFS-II: Hypoglycemia fear survey-II, 
RT-CGM: Real-time continuous glucose monitoring, HbA1c: Glycated hemoglobin, CI: Confidence interval 
The Turkish version of the hypoglycemia fear survey-II consists of 32 items, divided into behavior (15 items) and worry (17 items) subscales. Each item is rated from 0 (never) to 4 (always), 
with higher scores indicating greater fear. Cronbach’s α values are 0.77 (behavior), 0.91 (worry), and 0.90 (total) (27).
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Conclusion
In this real-world cohort of adults with T1D, wearing an RT-CGM sensor 
for only 4-12 weeks over a six-month period yielded fearofhypoglycemia 
scores that were indistinguishable from those of users who wore the 
sensor continuously. FOH remained primarily associated with treatment 
adherence, diabetes duration, and recent glycemic excursions rather 
than with sensor wear-time or insulin‑delivery modality. These findings 
suggest that structured intermittent RT-CGM protocols could meet short-
term psychological needs in many patients, although larger prospective 
studies are required to confirm the wear-time threshold that confers 
additional benefit.

Ethics

Ethics Committee Approval: Ethical approval was obtained from the 
Koç University Committee on Human Research (approval number. 
2023.357.IRB2.074, date: 19.10.2023).

Informed Consent: All patients received information regarding the 
study’s details and provided written informed consent.

Footnotes

Authorship Contributions: Concept - M.G.G., F.B.B.K., S.Ç.D., O.D., 
D.Y.; Design - M.G.G., F.B.B.K., S.Ç.D., G.A., O.D., D.Y.; Data Collection or 
Processing - S.Ç.D., G.A., A.B.A., H.K.G., O.D.; Analysis or Interpretation 
- M.G.G., F.B.B.K., G.A., O.D., D.Y.; Literature Search - M.G.G., F.B.B.K., 
S.Ç.D., G.A.; Writing - M.G.G., F.B.B.K., O.D., D.Y. 

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no 
financial support.

REFERENCES
1.	 Cox DJ, Irvine A, Gonder-Frederick L, Nowacek G, Butterfield J. Fear of 

hypoglycemia: quantification, validation, and utilization. Diabetes Care. 
1987; 10: 617-21. 

2.	 Gonder-Frederick LA, Schmidt KM, Vajda KA, Greear ML, Singh H, Shepard JA, 
et al. Psychometric properties of the hypoglycemia fear survey-II for adults 
with type 1 diabetes. Diabetes Care. 2011; 34: 801-6. 

3.	 Anderbro T, Amsberg S, Adamson U, Bolinder J, Lins PE, Wredling R, et al. 
Fear of hypoglycaemia in adults with type 1 diabetes. Diabet Med. 2010; 27: 
1151-8. 

4.	 Cryer PE. Hypoglycemia, functional brain failure, and brain death. J Clin 
Invest. 2007; 117: 868-70. 

5.	 Wild D, von Maltzahn R, Brohan E, Christensen T, Clauson P, Gonder-Frederick 
L. A critical review of the literature on fear of hypoglycemia in diabetes: 
implications for diabetes management and patient education. Patient Educ 
Couns. 2007; 68: 10-5. 

6.	 Martyn-Nemeth P, Schwarz Farabi S, Mihailescu D, Nemeth J, Quinn L. Fear of 
hypoglycemia in adults with type 1 diabetes: impact of therapeutic advances and 
strategies for prevention - a review. J Diabetes Complications. 2016; 30: 167-77. 

7.	 Hendrieckx C, Halliday JA, Bowden JP, Colman PG, Cohen N, Jenkins A, et 
al. Severe hypoglycaemia and its association with psychological well-being 
in Australian adults with type 1 diabetes attending specialist tertiary clinics. 
Diabetes Res Clin Pract. 2014; 103: 430-6. 

8.	 Polonsky WH, Davis CL, Jacobson AM, Anderson BJ. Hyperglycaemia, 
hypoglycaemia, and blood glucose control in diabetes: symptom perceptions 
and treatment strategies. Diabet Med. 1992; 9: 120-5.

9.	 Anderbro T, Gonder-Frederick L, Bolinder J, Lins PE, Wredling R, Moberg E, et 
al. Fear of hypoglycemia: relationship to hypoglycemic risk and psychological 
factors. Acta Diabetol. 2015; 52: 581-9. 

10.	 Rodbard D. Continuous glucose monitoring: a review of successes, challenges, 
and opportunities. Diabetes Technol Ther. 2016; 18 Suppl 2: S3-S13. 

11.	 Cappon G, Vettoretti M, Sparacino G, Facchinetti A. Continuous glucose 
monitoring sensors for diabetes management: a review of technologies and 
applications. Diabetes Metab J. 2019; 43: 383-97. 

12.	 Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester T, et al. 
Clinical targets for continuous glucose monitoring data interpretation: 
recommendations from the international consensus on time in range. 
Diabetes Care. 2019; 42: 1593-603. 

13.	 Danne T, Nimri R, Battelino T, Bergenstal RM, Close KL, DeVries JH, et al. 
International consensus on use of continuous glucose monitoring. Diabetes 
Care. 2017; 40: 1631-40. 

14.	 Beck RW, Riddlesworth T, Ruedy K, Ahmann A, Bergenstal R, Haller S, et al. 
Effect of continuous glucose monitoring on glycemic control in adults with 
type 1 diabetes using insulin injections: the diamond randomized clinical 
trial. JAMA. 2017; 317: 371-8. 

15.	 Lind M, Polonsky W, Hirsch IB, Heise T, Bolinder J, Dahlqvist S, et al. Continuous 
glucose monitoring vs conventional therapy for glycemic control in adults 
with type 1 diabetes treated with multiple daily insulin injections: the GOLD 
randomized clinical trial. JAMA. 2017; 317: 379-87. Erratum in: JAMA. 2017; 
317: 1912. 

16.	 Pratley RE, Kanapka LG, Rickels MR, Ahmann A, Aleppo G, Beck R, et al. Effect 
of continuous glucose monitoring on hypoglycemia in older adults with type 
1 diabetes: a randomized clinical trial. JAMA. 2020; 323: 2397-406. 

17.	 Heinemann L, Freckmann G, Ehrmann D, Faber-Heinemann G, Guerra S, 
Waldenmaier D, et al. Real-time continuous glucose monitoring in adults 
with type 1 diabetes and impaired hypoglycaemia awareness or severe 
hypoglycaemia treated with multiple daily insulin injections (HypoDE): a 
multicentre, randomised controlled trial. Lancet. 2018; 391: 1367-77.

18.	 Beck RW, Riddlesworth TD, Ruedy K, Ahmann A, Haller S, Kruger D, et al. 
Continuous glucose monitoring versus usual care in patients with type 2 
diabetes receiving multiple daily insulin injections: a randomized trial. Ann 
Intern Med. 2017; 167: 365-74. 

19.	 Bolinder J, Antuna R, Geelhoed-Duijvestijn P, Kröger J, Weitgasser R. Novel 
glucose-sensing technology and hypoglycaemia in type 1 diabetes: a 
multicentre, non-masked, randomised controlled trial. Lancet. 2016; 388: 
2254-63. 

20.	 Pickup JC, Freeman SC, Sutton AJ. Glycaemic control in type 1 diabetes during 
real time continuous glucose monitoring compared with self monitoring of 
blood glucose: meta-analysis of randomised controlled trials using individual 
patient data. BMJ. 2011; 343: d3805. 

21.	 Langendam M, Luijf YM, Hooft L, Devries JH, Mudde AH, Scholten RJ. 
Continuous glucose monitoring systems for type 1 diabetes mellitus. Cochrane 
Database Syst Rev. 2012; 1: CD008101. 

22.	 Karageorgiou V, Papaioannou TG, Bellos I, Alexandraki K, Tentolouris N, 
Stefanadis C, et al. Effectiveness of artificial pancreas in the non-adult 
population: a systematic review and network meta-analysis. Metabolism. 
2019; 90: 20-30.

23.	 van Beers CA, DeVries JH, Kleijer SJ, Smits MM, Geelhoed-Duijvestijn PH, 
Kramer MH, et al. Continuous glucose monitoring for patients with type 
1 diabetes and impaired awareness of hypoglycaemia (IN CONTROL): a 



Gönenli et al. Running Head RT-CGM Intensity & FOH

347

randomised, open-label, crossover trial. Lancet Diabetes Endocrinol. 2016; 4: 
893-902. 

24.	 Bergenstal RM, Tamborlane WV, Ahmann A, Buse JB, Dailey G, Davis SN, et al. 
Effectiveness of sensor-augmented insulin-pump therapy in type 1 diabetes. 
N Engl J Med. 2010; 363(4): 311-20. Erratum in: N Engl J Med. 2010; 363: 1092.

25.	 Tauschmann M, Thabit H, Bally L, Allen JM, Hartnell S, Wilinska ME, et al. 
Closed-loop insulin delivery in suboptimally controlled type 1 diabetes: a 
multicentre, 12-week randomised trial. Lancet. 2018; 392(10155): 1321-29. 
Erratum in: Lancet. 2018; 392: 1310. 

26.	 Little SA, Leelarathna L, Walkinshaw E, Tan HK, Chapple O, Lubina-Solomon A, 
et al. Recovery of hypoglycemia awareness in long-standing type 1 diabetes: 
a multicenter 2 × 2 factorial randomized controlled trial comparing insulin 
pump with multiple daily injections and continuous with conventional 
glucose self-monitoring (HypoCOMPaSS). Diabetes Care. 2014; 37: 2114-22. 

27.	 Erol O, Enc N. Hypoglycemia fear and self-efficacy of Turkish patients receiving 
insulin therapy. Asian Nurs Res (Korean Soc Nurs Sci). 2011; 5: 222-8. 

28.	 Talbo MK, Katz A, Hill L, Peters TM, Yale JF, Brazeau AS. Effect of diabetes 
technologies on the fear of hypoglycaemia among people living with type 
1 diabetes: a systematic review and meta-analysis. EClinicalMedicine. 2023; 
62: 102119.

29.	 Charleer S, De Block C, Bolsens N, Van Huffel L, Nobels F, Mathieu C, et al. 
Sustained impact of intermittently scanned continuous glucose monitoring 
on treatment satisfaction and severe hypoglycemia in adults with type 1 
diabetes (FUTURE): an analysis in people with normal and ımpaired awareness 
of hypoglycemia. Diabetes Technol Ther. 2023; 25: 231-41.

30.	 Takaike H, Miura J, Hoshina S, Takagi S, Takita M, Mochizuki S, et al. Recovery 
of hypoglycemic confidence using intermittently scanned continuous glucose 
monitoring among adults with type 1 diabetes with level 3 hypoglycemia: 
a prospective, single-center, single-arm study. Diabetes Res Clin Pract. 2023; 
204: 110890.

31.	 Eldib A, Dhaver S, Kibaa K, Atakov-Castillo A, Salah T, Al-Badri M, et al. 
Evaluation of hybrid closed-loop insulin delivery system in type 1 diabetes 
in real-world clinical practice: one-year observational study. World J Diabetes. 
2024; 15: 455-62.


