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Impaired awareness of
hypoglycemia: can structured
education address this
persistent challenge?

Yuanyuan Chen, Xiaowen He, Yanmin Shan and Meijuan Lan*

Nursing Department, the Second Affiliated Hospital of Zhejiang University School of Medicine,
Hangzhou, China
Impaired Awareness of Hypoglycemia (IAH) describes a condition in insulin-

treated diabetic patients characterized by a diminished ability to perceive the

onset of acute hypoglycemia. With an estimated prevalence ranging from 23.2%

to 26.3%, IAH is associated with a significantly elevated risk of severe

hypoglycemia (SH) and is increasingly linked to emotional disturbances. As a

major challenge in diabetes management, the primary interventions for IAH

include structured education and diabetes technology. However, the real-world

impact of diabetes technology on the frequency of SH and IAH remains

contentious. While structured education is fundamental for addressing IAH, its

implementation is often inadequate, and program content requires optimization,

thereby limiting the effectiveness of current educational approaches.

Consequently, there is a persistent need for enhanced treatment strategies.

With advancements in intelligent technology, a hybrid model integrating

structured education with diabetes technology is emerging as a promising

trend. Furthermore, IAH can contribute to cognitive dysfunction, which in turn

impairs the ability to perceive and respond to hypoglycemic events. This suggests

that incorporating cognitive interventions into structured education may

represent a novel therapeutic avenue and potentially yield innovative

management solutions.
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1 Introduction

Patients with diabetes who experience frequent hypoglycemia episodes may develop a

reduced perception of these events, a condition known as Impaired Awareness of

Hypoglycemia (IAH). This was historically termed “unconscious hypoglycemia” or

“unawareness hypoglycemia” (1, 2). IAH is formally defined as “diabetes with insulin-

treated individuals have diminished ability to perceive the onset of acute hypoglycemia” (2).

IAH is typically assessed using the Gold score or Clarke score, with a threshold of ≥4

indicating the presence of IAH (3, 4). Additional tools for assessing IAH include the

Pedersen-Bjergaard method (5) and its modified version (6), the Hypo A-Q score (7), and

the Minimally Modified Clarke Hypoglycemia Survey (MMCHS) (8). The Gold score, along

with both the original and modified Pedersen-Bjergaard method, consists of a single
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question, making them suitable for rapid screening (3, 5, 6). Among

these, the modified Pedersen-Bjergaard method enables the

identification of patients with an intermediate level of awareness,

which may lead to finer risk stratification (6). The MMCHS is

adapted from the Clarke score, which allows for differentiation

between “intrinsic awareness recovery” and “reduction of events

attributable to monitoring techniques such as continuous glucose

monitoring (CGM)” (4, 8). The Hypo A-Q is a comprehensive and

highly sensitive instrument; however, its optimal cut-off value

remains to be determined (7). A summary of the key features of

these instruments is presented in Table 1.
2 Is IAH a serious health issue?

2.1 Epidemiology

The prevalence of IAH differs slightly between type 1 diabetes

mellitus (T1DM) and type 2 diabetes mellitus (T2DM), partly due
Frontiers in Endocrinology 02
to the differences in residual islet function. T1DM patients are more

prone to hypoglycemia, a primary risk factor for IAH (9). A meta-

analysis encompassing 21 countries and regions reported IAH

prevalences of 23.2% (95% CI: 18.4%–29.3%) using the Clarke

score, 26.2% (95% CI: 22.9%–29.9%) using the Gold score, and

58.5% (95% CI: 53.0%–64.6%) according to the Pedersen-Bjergaard

method (10). Given the wider recognition of the Gold and Clarke

scores, the probable prevalence of IAH is estimated to be between

23.2% and 26.3%.

Another meta-analysis reported a pooled IAH prevalence of

22% (95%CI:14–29%) in patients with T2DM (11). However,

prevalence rates vary considerably across regions. For instance,

the Dutch Diabetes Pearl Cohort reported IAH in 9.7% of insulin-

treated T2DM patients (12), while other studies found prevalences

of 28.2% (Clarke-TW) among insulin users (13). 17.01% (13.27%-

20.75%) in Edinburgh (14), and as high as 52.1% in Al-Qassim,

Kingdom of Saudi Arabia (15). In contrast, European populations

generally report lower IAH prevalence (10). This disparity may be

attributed to regional variations in T2DM prevalence and more

effective T2DM management in developed European countries

compared to developing regions (10, 16). Additionally, diabetes

duration and insulin use significantly influence these results (11).

IAH is estimated to affect approximately 25% of people with

T1DM (17), though significant regional variations exist. The PR-

IAH study in Japan reported a prevalence of 11.6% (95% CI: 7.8-

16.4%) (18), whereas a study in Saudi Arabia found a significantly

higher rate of 62.8% (19). According to the Norwegian childhood

diabetes registry, the overall IAH prevalence is 22% (20). Notably, a

recent study indicates a declining trend in IAH prevalence among

T1DM patients (21), with rates of 32.5% in 2006, 32.3% in 2010,

30.1% in 2016, and 16.0% in 2020, representing an approximately

50% decrease (21). A potential explanation is the increased

adoption of glucose sensor technology, used by 85% of T1DM

patients, which has been shown to reduce hypoglycemia incidence,

particularly SH (21, 22). As the Clarke score heavily relies on a

history of SH, the decline in IAH prevalence may partly reflect fewer

SH events. Therefore, the trend does not necessarily indicate an

improved intrinsic ability to recognize hypoglycemia in T1DM.

2.2 Complication risk

IAH is associated with a six-fold increased risk of severe

hypoglycemia (SH) (17), with some studies reporting a ten-fold

increase (23). A cross-sectional survey further revealed that the

proportions of T1DM patients reporting one or more, and two or

more, episodes of SH were significantly higher among those with

IAH (31.3% and 21.4%, respectively) compared to those without

IAH (14.9% and 8.0%) (24). IAH is a well-established major risk

factor for SH, as the diminished awareness and the physiological

responses to hypoglycemia increase the likelihood of subsequent SH

events (25, 26). Frequent hypoglycemia contributes to IAH

development, creating a vicious cycle where IAH further impairs

hypoglycemia recognition, leading to severe Hypoglycemia and, in

extreme cases, death.

Growing evidence also links IAH to emotional disturbances

(27). Studies indicate that emotional disorders, including
TABLE 1 The information of the scoring methods to assess IAH.

Scoring
methods

Number
of items

Interpretation
of results

Applications

Gold score 1- item

Two categories:
Normal awareness
(1–3 points)/
impaired awareness
(≥4 points)

rapid screening, the
specificity may be low

Clarke score 8-items

Two categories:
Normal awareness
(0–3 points)/
impaired awareness
(≥4 points)

widely used to
distinguish states of
consciousness from
experiences of serious
events

Minimally
Modified
Clarke
Hypoglycemia
Survey
(MMCHS)

8-item

Two categories:
Normal awareness
(0–3 points)/
impaired awareness
(≥4 points), A “yes”
answer to the
question “severe
hypoglycemic
experience”
(question 3 or 4)
also allows the
diagnosis to be made
directly

widely used to
distinguish states of
consciousness from
experiences of serious
events. Score
improvement due to
“intrinsic awareness
recovery” and
“reduction of events
due to monitoring
techniques such as
CGM” can be
distinguished

Pedersen-
Bjergaard
method

1-item

Three categories:
Normal awareness,
impaired awareness,
loss of awareness

rapid screening, the
specificity may be low

Modified
Pedersen-
Bjergaard
method

1-item

Three categories:
Normal awareness,
intermediate
awareness, loss of
awareness

Identification of
patients in
intermediate status
may facilitate finer
risk stratification

Hypo A-Q
score

5-items

The scores ranged
from 0 to 20. A
higher score
represents a greater
degree of IAH

The assessment is
comprehensive and
highly sensitivity, but
the cut-off value
needs to be
determined
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depression and anxiety, are associated with a higher likelihood of

IAH. Both conditions were independently associated with increased

odds of IAH, with an odds ratio of 3.64 (95% CI: 2.19-6.04) for

depression and 2.46 (95% CI: 1.46- 4.14) for anxiety, respectively,

and a dose-response relationship has been observed (28). Among

T1DM patients using CGM, diminished awareness of hypoglycemia

is independently associated with higher anxiety and depression

symptoms (29). Emotional disorders can adversely affect diabetes

self-care behavior and motivation, impair the ability to distinguish

anxiety from hypoglycemia symptoms, delay hypoglycemia

treatment, and consequently elevate IAH risk (30). Conversely,

recurrent hypoglycemia, or IAH, may also exacerbate emotional

issues. The release of central nervous system neurotransmitters

related to both hypoglycemia and emotional regulation is a

plausible mechanism (31). Fear of hypoglycemia (FoH) is another

prevalent emotional response in T1DM. While one might assume

that experiencing hypoglycemic symptoms induces FoH, studies

show that the FoH score is significantly higher (0.64, 95% CI: 0.45–

0.83) among T1DM patients with IAH compared to those with

normal awareness (32). Similar findings have been observed in

pregnant women with T1DM (33). This counterintuitive result may

be because IAH patients experience more frequent SH, which

subsequently leads to higher FoH (34). Furthermore, higher levels

of anxiety and depression are also correlated with increased FoH

(35). In summary, IAH directly or indirectly influences anxiety,

depression, and FoH.
3 Whether structured education can
improve IAH?

Structured education programs for IAH, including

comprehensive self-management and IAH treatment programs,

are acknowledged for their potential to enhance awareness of

hypoglycemia. Although comprehensive self-management

programs are not specifically designed for IAH, they can

positively influence IAH by reducing hypoglycemia. These include

Dose Adjustment For Normal Eating (DAFNE) (36), DAFNEplus

(37), the German Diabetes Treatment and Training Program

(DTTP) (38), and derivative courses such as the Tayside insulin

management course (39), Bournemouth Type 1 Intensive

Education (BERTIE) (40,) and a Self-management-oriented

Education Programme (PRIMAS) (41). IAH treatment programs

are developed to address IAH. These include Blood Glucose

Awareness Training (BGAT) (42), Hypoglycemia Anticipation,

Awareness and Treatment Training (HAATT) (43), HypoAware

(44), Hypoglycemia Treatment Programme (HyPOS) (45), ‘My

Hypo Compass’ short psychoeducational intervention (46), and

Hypoglycaemia Persisting Despite Optimized Self-care (HARPdoc)

(37). Structured education can ameliorate IAH by preventing

hypoglycemia and improving hypoglycemia recognition skills

(36–46). While beneficial for IAH patients, the extent of its

effectiveness remains uncertain.
Frontiers in Endocrinology 03
3.1 Comprehensive self-management
program as a foundation for IAH

A comprehensive self-management program is essential for

T1DM. However, few patients daily adjust their insulin regimen

or achieve ideal glycemic control (47). Dietary restrictions imposed

to accommodate fixed insulin regimens can negatively impact

patients’ quality of life (47). Consequently, a comprehensive self-

management program, such as the five-day structured education

program, like DAFNE or DTTP, is widely adopted to increase

dietary freedom and improve quality of life (36–39). DTTP is an

inpatient, Monday-to-Friday, group teaching program that serves as

a foundational and routinely delivered diabetes education course

(38). DAFNE, a curriculum delivered within the UK National

Health Service (NHS), employs a progressive, modular-based

structure to enhance self-management across a range of medical

and social situations (48). Its core modules include: what is diabetes;

food and diabetes; insulin management; management of

hypoglycemia; sick day rules (48). Although DAFNE has been

shown to improve both glycemic control and quality of life, more

than half of its graduates continue to struggle with maintaining

glucose levels (49). To solve this limitation, the DAFNE plus

intervention is developed as an enhancement of the original

DAFNE program, incorporating behavioral change techniques,

technology, and longer-term structured support from healthcare

professionals (50). In contrast, other courses, such as the Tayside

insulin management course (39), the BERTIE (40), and the

PRIMAS (41), face regional and linguistic limitations. Notably,

the PRIMASA program emphasizes addressing emotional

challenges, which is critical given the chronic, lifelong nature of

diabetes and its associated emotional distress and psychological

burden (51). Therefore, greater attention to psychological aspects,

beyond mere blood glucose control, is imperative.

As a form of structured education, comprehensive self-

management programs aim not only to control blood glucose but

also to prevent IAH. These programs teach patients to adjust insulin

doses based on food intake rather than adapting meal timing and

content to fixed insulin doses (52). In a DTTP study, sensitivity to

low blood glucose (BG) levels (49.1 ± 4.2 vs. 54.9 ± 4.9, P = 0.12) did

not change significantly. However, patients with a history of

repeated SH demonstrated improved accuracy in BG estimation

(24.8 ± 6.2 VS 36.9 ± 8.3, P = 0.04), whereas those without such a

history did not show significant improvement (48.5 ± 3.9 VS 46.9 ±

4.6, P = 0.5). In DAFNE research, 43% of participants with IAH at

enrollment reported restored ability to detect hypoglycemia at BG

levels >3 mmol/L, and these patients experienced a significant

reduction in SH episodes (36). This indicates that comprehensive

self-management programs can reduce SH rates. However, their

effect on IAH is limited, likely because these programs were

primarily designed for overall BG management of T1DM rather

than specifically for IAH.

Overall, comprehensive self-management programs share a

common goal: to help patients achieve a more flexible lifestyle,

provided that it does not increase the risk of hypoglycemia. Then,
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these programs are not one-off interventions. Except for DTTP,

which follows a classic 5-day inpatient model, most are delivered as

one day per week over four or five weeks. This design allows

participants sufficient time to apply the skills learned in class

(e.g., carbohydrate counting, dose adjustment) to their daily life,

and to bring questions and experiences back for discussion in

subsequent sessions. By integrating theory with practice, this

approach enhances learning outcomes. However, strong peer

support is essential to maintain engagement and achieve a low

dropout rate (53). Finally, comprehensive self-management

programs, particularly DWNE, should be considered a

compulsory component of diabetes self-management education.

Even if they do not directly target IAH, they serve as an essential

foundation for IAH intervention.

3.2 IAH treatment programs and their
potential to improve hypoglycemia
awareness

IAH plays a major role in the etiology of hypoglycemic

problems, with patients exhibiting a markedly increased risk for

SH (23–26). Given that comprehensive self-management programs

alone may be insufficient, specialized IAH treatment programs have

been developed. BGAT is a classic course designed to enhance

patients’ awareness of BG fluctuations, particularly for T1DM

patients with hypoglycemia or hyperglycemia unawareness (42).

BGAT has three versions: the original BGAT-1 with six chapters

focusing on internal cues (42); BGAT-2 with eight chapters

emphasizing both internal and external cues (54); and BGAT-3,

an updated version that incorporates newer insulin formulations

and addresses long-term maintenance in Chapter 8 (46). The

efficacy of BGAT is well documented (42, 54, 55), demonstrating

benefits that include improved BG estimation accuracy and reduced

SH frequency. While BGAT aims to assist T1DM patients in better

identifying the symptoms of hypoglycemia and hyperglycemia (42),

it has been noted that there is only a negligible benefit in improving

the detection of hypoglycemia (56). The HyPOS is another notable

course specifically targeting the prevention of low BG levels and

educating patients about IAH causes (45). Compared to BGAT,

HyPOS showed a great improvement in the hypoglycemia

awareness questionnaire (HAQ) score (difference 0.7 [95% CI

0.1–1.2], p = 0.024), and the visual analogue scale (VAS) score

(difference 0.8 [95% CI 0.2–1.2], p = 0.015) (45). Although both

BGAT and HyPOS demonstrate efficacy, their uptake in routine

diabetes care remains low, likely due to the demanding nature of

face-to-face education, which appears too demanding for

widespread implementation in diabetes management (44). To

address this, HypoAware was developed as an adaptation of

BGAT, incorporating online modules to enhance accessibility

awareness training (57). HypoAware significantly reduced the

odds of impaired awareness (OR = 0.38, 95% CI 0.15–0.95, P =

0.038), though it did not significantly decrease IAH frequency(81%

VS 68%, P = 0.227) (44). Nonetheless, adherence to the HypoAware

program was good (44, 58). As digitalization accelerates, integrating

online and offline education has become essential. Therefore,
Frontiers in Endocrinology 04
developing multi-channel structured educational courses, while

ensuring efficacy, can reach a broader population of IAH patients.

HARPdoc is an innovative psychoeducational intervention

program that integrates psychological and cognitive approaches

(37). This program is specifically designed for patients with IAH

who have a history of recurrent SH, despite having attended

structured education (such as DAFNE courses) and utilized

advanced technologies, including continuous glucose monitoring

or insulin pumps (59). Although HARPdoc is not superior to

BGMT in reducing SH, it significantly lowered diabetes-related

distress, depression, and anxiety scores (60, 61). Given that patients

with IAH often present with psychological comorbidities such as

anxiety, depression, and FoH (30, 32), targeted psychological-

cognitive interventions are of importance. Other structured

education programs include HAATT (43), DAFNE-Hypoglycemia

Awareness Restoration Training (DAFNE-HART44, and ‘My Hypo

Compass’ short psychoeducational intervention (46). However,

many of these programs have been evaluated primarily in small-

sample exploratory studies with regional limitations, requiring

further verification.

In summary, IAH treatment programs share a core philosophy:

to improve patients’ perception of and response to glycemic

fluctuations, with BGAT serving as the foundational model. Then,

the focus has evolved to address deeper psychological and cognitive

issues, as exemplified by HARPdoc, which specifically targets

unhelpful health beliefs underlying persistent IAH. Last, the

delivery format of these interventions has diversified, evolving

from traditional face-to-face group courses (e.g., HyPOS) to

online modules (e.g., HypoAware) and brief psychoeducational

tools (e.g., My Hypo Compass). This evolution reflects an

ongoing effort to enhance accessibility, scalability, and

convenience for broader patient populations. Therefore, an ideal

structured education program for IAH should encompass core

educational content, adopt diverse delivery formats that integrate

both traditional models and intelligent technologies, and place

sufficient emphasis on psychological and cognitive dimensions.
4 Concluding remarks: what shall we
do?

4.1 The hybrid model: integrating
structured education and diabetes
technology

With the growing burden of diabetes, the importance of

addressing IAH is increasingly emphasized. Exploring more

effective interventions to enhance hypoglycemia recognition

remains crucial. Alongside structured education, diabetes

technology- including CGM, insulin pump, and automated

insulin delivery (AID) systems like hybrid closed-loop(HCL)

systems- constitutes another significant intervention for IAH and

has become integral to diabetes management (62). Research

involving T1DM patients has demonstrated that CGM use can
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lead to sustained improvements over two years (63). In the real-

world clinical settings, emerging evidence suggests that an advanced

HCL system may improve hypoglycemia awareness in adults with

T1DM, particularly among those with IAH (Clarke’s score from 3.6

± 0.8 at T0 to 1.9 ± 1.6 at T6, P < 0.001) (64). Another study

observed a lower median Gold score in HCL users compared to

non-users [4.0 (IQR:3.0-5.5) versus 5.5 (IQR:4.5-6.0), P = 0.033],

suggesting potential benefits of an HCL system in this population

(65). However, the evidence remains inconclusive, and researchers

hold divergent views regarding the efficacy of HCL for improving

IAH. A retrospective, observational, cross-sectional study found

that a substantial proportion of patients with T1DM continue to

experience severe hypoglycemic events (SHEs) and IAH, despite the

use of advanced diabetes technologies (24). In high-risk adults with

severe IAH, six months of HCL use did not increase hypoglycemia

and partially restored counter-regulatory hormone responses;

however, no significant changes were observed in Clarke or Gold

scores (66). These findings suggest that the real-world impact of

diabetes technology on IAH remains controversial, highlighting the

need for improved future strategies. Notably, diabetes technologies

are primarily designed to optimize glycemic control and minimize

hypoglycemia, rather than directly enhance hypoglycemia

awareness. Therefore, integrating structured education with

diabetes technology may be essential to both prevent
Frontiers in Endocrinology 05
hypoglycemia and address IAH concurrently. A systematic review

and meta-analysis also demonstrated that HCL has the potential to

improve hypoglycemia awareness in patients with T1DM and IAH,

but the clinical significance of this effect may be limited (67).

Therefore, educational interventions remain the cornerstone of

IAH management. Accordingly, effective approaches to

integrating education and technology warrant further exploration.

4.2 A new approach: incorporating
cognitive function interventions into
structured education?

Diabetic patients with IAH experience an accelerated decline in

cognitive function and an increased risk of dementia (68, 69). This

decline does not indicate an acute cognitive impairment during

hypoglycemic disorders with disturbed consciousness. Rather, it

manifests as a form of memory interference, wherein similar

hypoglycemia events are encoded as shared representations rather

than as distinct, episodic memories (69, 70). Consequently, IAH

patients are less able to distinguish hypoglycemia-related cues,

hindering appropriate actions to avoid SH (69, 70). Additionally,

their planning abilities are often compromised, preventing

behavioral modifications to avert hypoglycemia (69, 70).

Neurophysiological studies reveal that diminished cerebral blood
FIGURE 1

The Pathophysiology, Consequences, and Evolving Management Paradigm of IAH.
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flow responses in regions such as the thalamus, frontal lobe, and

hippocampus in IAH patients (55). This disruption affects pathways

related to arousal, decision-making, and reward processing (71),

potentially impairing the ability to recognize and manage

hypoglycemia effectively (71). Recent studies have identified

differences in brain activation regions, suggesting that

neuroimaging variations may explain differing behavioral

responses to acute hypoglycemia (31, 72). Thus, these studies of

neural mechanisms all point to one conclusion that IAH can lead to

cognitive dysfunction, which in turn diminishes hypoglycemia

perception and processing capabilities (73, 74). Clinical research

on the relationship between IAH and cognitive function has

revealed that patients with IAH exhibit impairments across

multiple cognitive domains, including diminished learning and

memory, reduced pattern separation ability, behavioral

dysfunction, and slower processing speed and attention task

performance (70, 75). However, longitudinal cohort studies

tracking cognitive function in patients with IAH over extended

periods remain scarce, precluding definitive conclusions regarding

the specific nature of the relationship between IAH and cognitive

decline. Nonetheless, drawing upon existing evidence from neural

mechanisms and cross-sectional clinical research, it is reasonable to

hypothesize that recurrent hypoglycemia episodes may lead to

progressive cognitive deterioration. This decline could, in turn,

impair patients’ ability to recognize key elements of hypoglycemic

cues, ultimately contributing to the development or perpetuation of

IAH. This intriguing potential pathway suggests that cognitive

interventions—particularly those targeting learning, memory,

pattern separation, behavioral regulation, processing speed, and

attention—may enhance hypoglycemia perception in individuals

with IAH (75, 76). Given this hypothesis, long-term monitoring of

cognitive function in patients with frequent hypoglycemia is of

considerable clinical importance. Such surveillance could enable the

timely identification of cognitive decline and inform targeted

cognitive interventions. This represents a novel and testable

hypothesis that warrants further exploratory clinical research to

validate its premises and therapeutic implications.
5 Key messages

In summary, comprehensive self-management programs (e.g.,

DAFNE, DTTP) provide the essential foundation of diabetes care

and indirectly improve IAH by reducing hypoglycemia risk, but

many patients continue to face glycemic instability.

IAH treatment programs (e.g., BGAT, HARPdoc) directly

address IAH; HARPdoc, in particular, significantly reduces

diabetes-related distress, depression, and FoH. To enhance the

effectiveness of structured education, clinicians should also

support families by addressing their psychosocial, behavioral, and

practical needs (77).

Advanced diabetes technologies (e.g., hybrid closed-loop

systems) reduce hypoglycemia exposure but do not restore

hypoglycemia awareness, highlighting that technology alone is

insufficient. Emerging evidence suggests that recurrent SH may
Frontiers in Endocrinology 06
impair cognitive functions, such as learning, memory, and pattern

separation, potentially perpetuating IAH. This positions cognitive

training as a promising novel therapeutic avenue. Future research

should prioritize long-term prospective studies monitoring

cognitive function in high-risk patients to clarify causality and

guide early intervention. Ultimately, an integrated approach

combining structured education, psychological-cognitive support,

and intelligent technology—delivered flexibly—represents the

optimal strategy for IAH management (Figure 1).
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reported hypoglycemia in insulin-treated patients with diabetes: Results from an
international survey on 7289 patients from nine countries. Diabetes Res Clin Pract.
(2017) 134:17–28. doi: 10.1016/j.diabres.2017.07.031

10. Yu X, Fan M, Zhao X, Ding Y, Liu X, Yang S, et al. Prevalence of impaired
awareness of hypoglycaemia in people with diabetes mellitus: A systematic review and
meta-analysis from 21 countries and regions. Diabetes Med. (2023) 40:e15129.
doi: 10.1111/dme.15129

11. Li XN, Kan YS, Liu HY, Pang J, He YY, Liu L, et al. Prevalence and contributing
factors of impaired awareness of hypoglycemia in patients with type 2 diabetes: a meta-
analysis. Acta Diabetol. (2023) 60:1155–69. doi: 10.1007/s00592-023-02102-2

12. van Meijel LA, de Vegt F, Abbink EJ, Rutters F, Schram MT, van der Klauw
MM, et al. High prevalence of impaired awareness of hypoglycemia and severe
hypoglycemia among people with insulin-treated type 2 diabetes: The Dutch
Diabetes Pearl Cohort. BMJ Open Diabetes Res Care. (2020) 8:e000935.
doi: 10.1136/bmjdrc-2019-000935

13. Cheng HJ, Weng SH, Wu JL, Yeh ST, Chen HF, Novida H, et al. Long-term
sulfonylurea use and impaired awareness of hypoglycemia among patients with Type 2
Diabetes in Taiwan. Ann Fam Med. (2024) 22:309–16. doi: 10.1370/afm.3129

14. Alkhatatbeh MJ, Abdalqader NA, Alqudah MAY. Impaired awareness of
hypoglycaemia in insulin-treated Type 2 Diabetes Mellitus. Curr Diabetes Rev.
(2019) 15:407–13. doi: 10.2174/1573399814666180806144937

15. AlTowayan A, Alharbi S, Aldehami M, Albahli R, Alnafessah S, Alharbi AM, et al.
Awareness level of hypoglycemia among diabetes mellitus type 2 patients in Al Qassim
region. Cureus. (2023) 15:e35285. doi: 10.7759/cureus.35285

16. Diabetes Atlas. 10th edition. International Diabetes Federation (IDF (2021).
Available online at: https://idf.org (Accessed January 20, 2026).

17. Geddes J, Schopman JE, Zammitt NN, Frier BM. Prevalence of impaired awareness
of hypoglycaemia in adults with Type 1 diabetes. Diabetes Med. (2008) 25:501–4.
doi: 10.1111/j.1464-5491.2008.02413.x

18. Sakane N, Kato K, Hata S, Nishimura E, Araki R, Kouyama K, et al. Association of
impaired awareness of hypoglycemia with driving safety and hypoglycemia problem-
solving abilities among patients with Type 1 Diabetes in Japan: The PR-IAH Study.
Intern Med. (2023) 62:1431–9. doi: 10.2169/internalmedicine.0332-22

19. Hassounah G, Abdullah Aljohani AE, Al Sharhani R, Al Aljoulni M, Robert AA, Al
Goudah AH, et al. Prevalence of impaired awareness of hypoglycemia and its risk
factors among patients with type 1 diabetes in Saudi Arabia. Diabetes Metab Syndr.
(2022) 16:102351. doi: 10.1016/j.dsx.2021.102351

20. Hatle H, Skrivarhaug T, Bjørgaas MR, Åsvold BO, Rø TB. Prevalence and
associations of impaired awareness of hypoglycemia in a pediatric type 1 diabetes
population - The Norwegian Childhood Diabetes Registry. Diabetes Res Clin Pract.
(2024) 209:111093. doi: 10.1016/j.diabres.2024.111093

21. Ali N, El Hamdaoui S, Schouwenberg BJ, Tack CJ, de Galan BE. Fall in prevalence
of impaired awareness of hypoglycaemia in individuals with type 1 diabetes. Diabetes
Med. (2023) 40:e15042. doi: 10.1111/dme.15042

22. Heinemann L, Freckmann G, Ehrmann D, Faber-Heinemann G, Guerra S,
Waldenmaier D, et al. Real-time continuous glucose monitoring in adults with type
Frontiers in Endocrinology 07
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. doi: 10.1016/S0140-6736(18)30297-6

23. 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. doi: 10.1016/j.diabres.2013.12.005

24. Sherr JL, Laffel LM, Liu J, Wolf W, Bispham J, Chapman KS, et al. Severe
hypoglycemia and impaired awareness of hypoglycemia persist in people with type 1
diabetes despite use of diabetes technology: Results from a cross-sectional survey.
Diabetes Care. (2024) 47:941–7. doi: 10.2337/dc23-1765

25. Cryer PE. Mechanisms of hypoglycemia-associated autonomic failure in diabetes.
N Engl J Med. (2013) 369:362–72. doi: 10.1056/NEJMra1215228

26. Little SA, Leelarathna L, Barendse SM,Walkinshaw E, Tan HK, Lubina Solomon A,
et al. Severe hypoglycaemia in type 1 diabetes mellitus: underlying drivers and potential
strategies for successful prevention. Diabetes Metab Res Rev. (2014) 30:175–90.
doi: 10.1002/dmrr.2492

27. Choudhary P, Amiel SA. Hypoglycaemia in type 1 diabetes: technological
treatments, their limitations and the place of psychology. Diabetologia. (2018)
61:761–9. doi: 10.1007/s00125-018-4566-6

28. Pieri BA, Bergin-Cartwright GAI, Simpson A, Collins J, Reid A, Karalliedde J, et al.
Symptoms of anxiety and depression are independently associated with impaired
awareness of hypoglycemia in type 1 diabetes. Diabetes Care. (2022) 45:2456–60.
doi: 10.2337/dc21-2482

29. Lin YK, Hepworth E, de Zoysa N, McCurley J, Vajravelu ME, Ye W, et al.
Relationships of hypoglycemia awareness, hypoglycemia beliefs, and continuous
glucose monitoring glycemic profiles with anxiety and depression symptoms in
adults with type 1 diabetes using continuous glucose monitoring systems. Diabetes
Res Clin Pract. (2024) 209:111596. doi: 10.1016/j.diabres.2024.111596

30. Lin YK, Richardson CR, Dobrin I, DeJonckheere MJ, Mizokami-Stout K, Fetters
MD, et al. Beliefs around hypoglycemia and their impacts on hypoglycemia outcomes
in individuals with type 1 diabetes and high risks for hypoglycemia despite using
advanced diabetes technologies. Diabetes Care. (2022) 45:520–8. doi: 10.2337/dc21-
1285

31. Hwang JJ, Parikh L, Lacadie C, Seo D, Lam W, Hamza M, et al. Hypoglycemia
unawareness in type 1 diabetes suppresses brain responses to hypoglycemia. J Clin
Invest. (2018) 128:1485–95. doi: 10.1172/JCI97696

32. Hatle H, Bjørgaas MR, Rø TB, Olsen SE, Åsvold BO. Fear of hypoglycaemia and its
relation to hypoglycaemia awareness and symptom intensity in Type 1 diabetes.
Diabetes Res Clin Pract. (2018) 137:213–20. doi: 10.1016/j.diabres.2018.01.014

33. Bahrami J, Tomlinson G, Murphy HR, Feig DS, CONCEPTT Collaborative Group.
Impaired awareness of hypoglycaemia in women with type 1 diabetes in pregnancy:
Hypoglycaemia fear, glycaemic and pregnancy outcomes. Diabetes Med. (2022) 39:
e14789. doi: 10.1111/dme.14789

34. 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.
doi: 10.1016/j.jdiacomp.2015.09.003

35. 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. doi: 10.2337/dc10-1343

36. Hopkins D, Lawrence I, Mansell P, Thompson G, Amiel S, Campbell M, et al.
Improved biomedical and psychological outcomes 1 year after structured education in
flexible insulin therapy for people with type 1 diabetes: the U.K. DAFNE experience.
Diabetes Care. (2012) 35:1638–42. doi: 10.2337/dc11-1579

37. Amiel SA, Choudhary P, Jacob P, Smith EL, De Zoysa N, Gonder-Frederick L, et al.
Hypoglycaemia awareness restoration programme for people with Type 1 Diabetes and
problematic hypoglycaemia persisting despite optimised self-care (HARPdoc): protocol
for a group randomised controlled trial of a novel intervention addressing cognitions.
BMJ Open. (2019) 9:e030356. doi: 10.1136/bmjopen-2019-030356

38. Mühlhauser I, Jörgens V, Berger M, Graninger W, Gürtler W, Hornke L, et al.
Bicentric evaluation of a teaching and treatment programme for type 1 (insulin-
dependent) diabetic patients: improvement of metabolic control and other measures of
diabetes care for up to 22 months. Diabetologia. (1983) 25:470–6. doi: 10.1007/
BF00284453

39. Jordan LV, Robertson M, Grant L, Peters RE, Cameron JT, Chisholm S, et al. The
Tayside insulin management course: an effective education programme in type 1
diabetes. Int J Clin Pract. (2013) 67:462–8. doi: 10.1111/ijcp.12107

40. Humayun MA, Jenkins E, Knott J, Ryder J, Shaban C, Weiss M, et al. Intensive
structured education for type 1 diabetes management using BERTIE: Long-term
follow-up to assess impact on glycaemic control and quality of life indices. Diabetes
Res Clin Pract. (2018) 143:275–81. doi: 10.1016/j.diabres.2018.07.034

41. Hermanns N, Kulzer B, Ehrmann D, Bergis-Jurgan N, Haak T. The effect of a
diabetes education programme (PRIMAS) for people with type 1 diabetes: results of a
frontiersin.org

https://doi.org/10.2337/dc22-1242
https://doi.org/10.1016/S1262-3636(10)70470-5
https://doi.org/10.2337/diacare.17.7.697
https://doi.org/10.2337/diacare.18.4.517
https://doi.org/10.1002/dmrr.377
https://doi.org/10.1111/dme.12824
https://doi.org/10.1089/dia.2020.0034
https://doi.org/10.1016/j.diabres.2017.07.031
https://doi.org/10.1111/dme.15129
https://doi.org/10.1007/s00592-023-02102-2
https://doi.org/10.1136/bmjdrc-2019-000935
https://doi.org/10.1370/afm.3129
https://doi.org/10.2174/1573399814666180806144937
https://doi.org/10.7759/cureus.35285
https://idf.org
https://doi.org/10.1111/j.1464-5491.2008.02413.x
https://doi.org/10.2169/internalmedicine.0332-22
https://doi.org/10.1016/j.dsx.2021.102351
https://doi.org/10.1016/j.diabres.2024.111093
https://doi.org/10.1111/dme.15042
https://doi.org/10.1016/S0140-6736(18)30297-6
https://doi.org/10.1016/j.diabres.2013.12.005
https://doi.org/10.2337/dc23-1765
https://doi.org/10.1056/NEJMra1215228
https://doi.org/10.1002/dmrr.2492
https://doi.org/10.1007/s00125-018-4566-6
https://doi.org/10.2337/dc21-2482
https://doi.org/10.1016/j.diabres.2024.111596
https://doi.org/10.2337/dc21-1285
https://doi.org/10.2337/dc21-1285
https://doi.org/10.1172/JCI97696
https://doi.org/10.1016/j.diabres.2018.01.014
https://doi.org/10.1111/dme.14789
https://doi.org/10.1016/j.jdiacomp.2015.09.003
https://doi.org/10.2337/dc10-1343
https://doi.org/10.2337/dc11-1579
https://doi.org/10.1136/bmjopen-2019-030356
https://doi.org/10.1007/BF00284453
https://doi.org/10.1007/BF00284453
https://doi.org/10.1111/ijcp.12107
https://doi.org/10.1016/j.diabres.2018.07.034
https://doi.org/10.3389/fendo.2026.1722045
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Chen et al. 10.3389/fendo.2026.1722045
randomized trial. Diabetes Res Clin Pract. (2013) 102:149–57. doi: 10.1016/
j.diabres.2013.10.009

42. Cox DJ, Gonder-Frederick L, Julian DM, Clarke W. Long-term follow-up
evaluation of blood glucose awareness training. Diabetes Care. (1994) 17:1–5.
doi: 10.2337/diacare.17.1.1

43. Cox DJ, Kovatchev B, Koev D, Koeva L, Dachev S, Tcharaktchiev D, et al.
Hypoglycemia anticipation, awareness and treatment training (HAATT) reduces
occurrence of severe hypoglycemia among adults with type 1 diabetes mellitus. Int J
Behav Med. (2004) 11:212–8. doi: 10.1207/s15327558ijbm1104_4

44. Rondags SM, de Wit M, Snoek FJ. HypoAware: development and pilot study of a
brief and partly web-based psychoeducational group intervention for adults with Type
1 and insulin-treated Type 2 diabetes and problematic hypoglycaemia. Diabetes Med.
(2016) 33:184–91. doi: 10.1111/dme.12876

45. Hermanns N, Kulzer B, Kubiak T, Krichbaum M, Haak T. The effect of an
education programme (HyPOS) to treat hypoglycaemia problems in patients with type
1 diabetes. Diabetes Metab Res Rev. (2007) 23:528–38. doi: 10.1002/dmrr.710

46. Bashir A, Flatt AJ, Richell G, Shaw JAM. A single-site feasibility randomised
controlled trial comparing ‘my hypo compass’ short pyscho-educational intervention
with standard care alone in individuals with type 1 diabetes and impaired awareness of
hypoglycaemia. Diabetes Med. (2024) 41:e15389. doi: 10.1111/dme.15389

47. DAFNE Study Group. Training in flexible, intensive insulin management to enable
dietary freedom in people with type 1 diabetes: dose adjustment for normal eating
(DAFNE) randomised controlled trial. BMJ. (2002) 325:746. doi: 10.1136/
bmj.325.7367.746

48. DAFNE Dafne home. Available online at: http://www.dafne.uk.com/ (Accessed
January 20, 2026).

49. Coates E, Amiel S, Baird W, Benaissa M, Brennan A, Campbell MJ, et al. Protocol
for a cluster randomised controlled trial of the DAFNEplus (Dose Adjustment For
Normal Eating) intervention compared with 5x1 DAFNE: a lifelong approach to
promote effective self-management in adults with type 1 diabetes. BMJ Open. (2021) 11:
e040438. doi: 10.1136/bmjopen-2020-040438

50. DAFNEplus: glucollector logic model. Available online at: https://www.sheffield.ac.
uk/media/41996/download (Accessed January 20, 2026).

51. Snoek FJ, Pouwer F, Welch GW, Polonsky WH. Diabetes-related emotional
distress in Dutch and U.S. diabetic patients: cross-cultural validity of the problem
areas in diabetes scale. Diabetes Care. (2000) 23:1305–9. doi: 10.2337/diacare.23.9.1305

52. Fritsche A, Stumvoll M, Renn W, Schmülling RM. Diabetes teaching program
improves glycemic control and preserves perception of hypoglycemia.Diabetes Res Clin
Pract. (1998) 40:129–35. doi: 10.1016/S0168-8227(98)00047-3

53. Elliott J, Lawton J, Rankin D, Emery C, Campbell M, Dixon S, et al. The 5x1
DAFNE study protocol: a cluster randomised trial comparing a standard 5 day DAFNE
course delivered over 1 week against DAFNE training delivered over 1 day a week for 5
consecutive weeks. BMC Endocr Disord. (2012) 12:28. doi: 10.1186/1472-6823-12-28

54. Cox DJ, Gonder-Frederick L, Polonsky W, Schlundt D, Kovatchev B, Clarke W,
et al. Blood glucose awareness training (BGAT-2): long-term benefits. Diabetes Care.
(2001) 24:637–42. doi: 10.2337/diacare.24.4.637

55. Schachinger H, Hegar K, Hermanns N, Straumann M, Keller U, Fehm-Wolfsdorf
G, et al. Randomized controlled clinical trial of Blood Glucose Awareness Training
(BGAT III) in Switzerland and Germany. J Behav Med. (2005) 28:587–94. doi: 10.1007/
s10865-005-9026-3

56. Broers S, le Cessie S, van Vliet KP, Spinhoven P, van der Ven NC, Radder JK, et al.
Blood Glucose Awareness Training in Dutch Type 1 diabetes patients. Short-term
evaluation of individual and group training. Diabetes Med. (2002) 19:157–61.
doi: 10.1046/j.1464-5491.2002.00682.x

57. Rondags SM, de Wit M, van Tulder MW, Diamant M, Snoek FJ. HypoAware-a
brief and partly web-based psycho-educational group intervention for adults with type
1 and insulin-treated type 2 diabetes and problematic hypoglycaemia: design of a cost-
effectiveness randomised controlled trial. BMC Endocr Disord. (2015) 15:43.
doi: 10.1186/s12902-015-0035-0

58. Rondags SM, de Wit M, Twisk JW, Snoek FJ. Effectiveness of hypoAware, a brief
partly web-based psychoeducational intervention for adults with type 1 and insulin-
treated type 2 diabetes and problematic hypoglycemia: A cluster randomized controlled
trial. Diabetes Care. (2016) 39:2190–6. doi: 10.2337/dc16-1614

59. Lin YK, Ye W, Rogers H, Brooks A, Toschi E, Kariyawasam D, et al. Mitigating
severe hypoglycemia in users of advanced diabetes technologies: impaired awareness of
hypoglycemia and unhelpful hypoglycemia beliefs as targets for interventions. Diabetes
Technol Ther. (2024) 26:739–47. doi: 10.1089/dia.2024.0039

60. Jacob P, Potts L, Maclean RH, de Zoysa N, Rogers H, Gonder-Frederick L, et al.
Characteristics of adults with type 1 diabetes and treatment-resistant problematic
Frontiers in Endocrinology 08
hypoglycaemia: a baseline analysis from the HARPdoc RCT. Diabetologia. (2022)
65:936–48. doi: 10.1007/s00125-022-05679-5

61. Amiel SA, Potts L, Goldsmith K, Jacob P, Smith EL, Gonder-Frederick L, et al. A parallel
randomised controlled trial of the Hypoglycaemia Awareness Restoration Programme for
adults with type 1 diabetes and problematic hypoglycaemia despite optimised self-care
(HARPdoc). Nat Commun. (2022) 13:2229. doi: 10.1038/s41467-022-29488-x

62. Sherr JL, Heinemann L, Fleming GA, Bergenstal RM, Bruttomesso D, Hanaire H,
et al. Automated insulin delivery: benefits, challenges, and recommendations. A
consensus report of the Joint Diabetes Technology Working Group of the European
Association for the Study of Diabetes and the American Diabetes Association. Diabetes
Care. (2022) 45:3058–74. doi: 10.2337/dci22-0018

63. Shah N, Deshmukh H, Wilmot EG, Patmore J, Christian P, Barnes DJ, et al. The
long-term impact of glucose monitoring with the FreeStyle Libre on glycaemic control
and hypoglycaemia awareness in people with type 1 diabetes: Insights from the
Association of British Clinical Diabetologists national audit. Diabetes Med. (2023)
40:e15070.
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