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ABSTRACT
Introduction  Impaired awareness of hypoglycemia (IAH) 
refers to a diminished capacity to detect hypoglycemia. IAH 
can result in severe and even life-threatening outcomes 
for individuals with diabetes, especially those in advanced 
stages of the disease. This study aimed to assess the 
prevalence of IAH in people with diabetes on hemodialysis.
Research design and methods  We conducted a single-
center audit to assess the prevalence of IAH using the 
Clarke questionnaire. Simultaneously, we measured 
fear of hypoglycemia with an adapted version of the 
Hypoglycemia Survey and recorded the incidence of 
severe hypoglycemia. Data were presented as mean±SD 
or counts/percentages. Logistic regression was then 
employed to analyze the association between IAH and 
various sociodemographic and clinical factors.
Results  We included 56 participants with diabetes on 
hemodialysis, with a mean age of 67.2 years (±12.9), 
of whom 51.8% were male. The ethnic distribution was 
23.2% white, 23.2% black, 19.6% Asian, and 33.9% 
unspecified. The mean HbA1c was 52 mmol/mol (±18.6). 
The majority (91.1%) had a diagnosis of type 2 diabetes, 
and 55.4% of those were treated with insulin. The use of 
diabetes technology was low, with 2.8% of the participants 
using a continuous glucose monitor. IAH prevalence was 
23.2%, and among the 57 participants, 23.6% had a 
history of severe hypoglycemia, and 60.6% reported fear 
of hypoglycemia. There were no significant differences in 
sociodemographic and clinical characteristics between 
those with IAH and normal hypoglycemia awareness.
Conclusions  We observed that 23.2% of individuals with 
diabetes undergoing hemodialysis had IAH. IAH was more 
prevalent in people who reported a fear of hypoglycemia 
and had a history of severe hypoglycemia episode. The 
study highlights the unmet needs and disparities in access 
to diabetes technology within this population.

INTRODUCTION
Hypoglycemia is a well-recognized complica-
tion of diabetes treatment, especially in indi-
viduals using sulfonylureas (SU) or insulin.1 
The reported hypoglycemia incidence rate 
varied between 0.072 and 42 890 episodes per 
1000 person-years.2 Individuals with diabetes 
undergoing kidney replacement therapies 
(KRT) are more vulnerable to hypoglycemia 
due to several factors. These include decreased 

kidney gluconeogenesis, reduced clearance 
of insulin and glucose-lowing medications 
and reduced degradation of insulin.3–5 Addi-
tionally, the impact of uremic toxins can lead 
to appetite suppression, which often results in 
malnutrition. This, in turn, reduces glycogen 
store, potentially further exacerbating the 
occurrence of hypoglycemia in this popula-
tion.4 Hypoglycemia is strongly associated 
with an increased risk of hospitalization6–10 
morbidity and mortality among individuals 
with diabetes undergoing KRT.11 12 Moreover, 
hypoglycemia can affect the quality of life and 
increased healthcare cost.9 13

While most people with diabetes experience 
hypoglycemia accompanied by autonomic or 
neurological symptoms, recurrent episodes 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Limited information exists regarding the occurrence 
of impaired awareness of hypoglycemia (IAH) in 
people with diabetes on hemodialysis.

	⇒ To the best of our knowledge, this study is the first 
to investigate the prevalence of IAH in people on 
hemodialysis.

WHAT THIS STUDY ADDS
	⇒ The prevalence of IAH was 23.2% in people with di-
abetes on hemodialysis.

	⇒ Impaired hypoglycemia was common in individuals 
who expressed a fear of hypoglycemia and those 
who had experienced severe hypoglycemia.

	⇒ The study highlights the unmet needs and dispar-
ities in access to diabetes technology for people 
with diabetes on hemodialysis who are treated with 
insulin.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This finding emphasizes the importance of routinely 
assessing hypoglycemia awareness status in this 
population to reduce the risk of hypoglycemia, se-
vere hypoglycemia, and IAH.

	⇒ More primary studies on IAH in people with diabetes 
on hemodialysis are needed.
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can lead to a defective counter-regulatory hormone 
response, resulting in reduced awareness of hypoglycemia 
(IAH).14 15 The pooled prevalence of impaired awareness 
of hypoglycemia (IAH) in people with type 1 and type 2 
diabetes was found to be 23.2% (95% CI 18.4% to 29.3%) 
as assessed via the Clarke questionnaire.16 IAH is associ-
ated with a threefold to sixfold increase in the risk of 
severe hypoglycemia and mortality.7–9 14 The evaluation 
of hypoglycemia awareness can be conducted through 
self-reported questionnaires, with the most frequently 
employed ones being those developed by Gold et al17 or 
Clarke et al.18

The prevalence of IAH in individuals with diabetes 
undergoing hemodialysis has not been previously 
studied. Our aim is to present the prevalence of IAH in 
this population. A secondary objective was to assess the 
association between IAH and sociodemographic and 
clinical characteristics.

RESEARCH DESIGN AND METHOD
Setting and participants
This was a prospective audit conducted at a single center, 
encompassing the entire adult population (≥18 years) 
with diabetes undergoing hemodialysis and receiving 
KRT at North Central London Dialysis Unit. Participants 
gave informed consent to participate in the study before 
taking part.

Subjects and inclusion criteria
We identified adults (aged ≥18) with diabetes who were 
undergoing hemodialysis between April 2023 and August 
2023. The following selection criteria were applied:

	► Adults aged ≥18 diagnosed with diabetes and under-
going hemodialysis.

	► Individuals with diabetes undergoing hemodialysis 
and treated with either SU or insulin.

	► Individuals who had been undergoing KRT for a 
minimum of 6 months.

We excluded:
	► Individuals with diabetes on hemodialysis who were 

not treated with SU or insulin.
	► Individuals with diabetes undergoing hemodialysis 

who did not regularly measure their capillary or inter-
stitial glucose levels.

We used a previously developed algorithm for deter-
mining diabetes diagnosis,19 which was based on either 
the date a person first received a diagnostic record or if 
diabetes therapy was prescribed, or if they had an HbA1c 
reading ≥48 mmol/mol.

Data collection
Hypoglycemia awareness was assessed using the Clarke 
Score,18 where a score of ≥4 indicates IAH, while a score 
≤3 suggests normal hypoglycemia awareness.18 Addition-
ally, the frequency of severe hypoglycemia in the past 12 
months was determined based on participants’ responses 
regarding the number of times they required third-party 
assistance. An adapted version of the Hypoglycemia Fear 

Survey-II Worry scale questionnaire was included to assess 
participants’ concerns related to hypoglycemia.20 21 Socio-
demographic and clinical information about the partici-
pants was retrieved from electronic medical records. This 
information included age, sex, ethnicity, weight, height, 
systolic and diastolic blood pressure, HbA1c levels, Frailty 
Score, Index of Multiple Deprivation (IMD) score, type 
of diabetes, and diabetes medication. Participants’ ages 
were calculated using their year of birth, and they were 
assigned a nominal birthday of April 1, 2023. Ethnicity 
was categorized into four groups: white, black, Asian, and 
unknown. The Frailty Score was dichotomized into two 
categories: a score of <4 indicated the absence of frailty, 
while a score ≥4 indicated moderate to severe frailty. 
Body mass index (BMI) was calculated using the formula 
BMI=kg/m2 and categorized into three groups: ≤25, 25 
to <30, and ≥30, broadly indicating healthy weight, over-
weight, and obesity, respectively. The patient-level IMD 
was used as a measure of deprivation, categorized into 
quintiles (1 being the most deprived and 5 the least 
deprived). HbA1c values were grouped as follows: <48, 
48 to <58, and ≥58 mmol/mol.

Statistical analysis
Descriptive statistics were calculated to summarize partic-
ipants’ sociodemographic and clinical characteristics. 
Continuous variables with a normal distribution were 
presented as the mean±SD, while non-normally distrib-
uted variables are reported as the median with the IQR. 
Categorical variables were expressed as percentages. 
Differences in participant characteristics, stratified by 
hypoglycemia awareness status, were assessed using the 
χ2 test. Logistic regressions were conducted to investigate 
the association between clinical and sociodemographic 
variables and IAH. Unadjusted and adjusted analyses 
were conducted for most of the available data; however, 
to address concerns related to data sparsity and low 
cell counts, the following variables were excluded: IMD 
score, ethnicity, access to diabetes technology, diabetes 
treatment, and type of diabetes. Data were missing for 
1.8% of Frailty Scores, 1.8% of IMD scores, 12.5% of BMI 
values, and 33.9% of ethnicity information. The propor-
tion of participants with missing data in variables other 
than ethnicity was very small. Therefore, we performed a 
complete case analysis. Individuals with missing ethnicity 
data were included by categorizing them as ‘Unknown 
ethnicity’. The analyses were conducted using the Stata 
package.

RESULTS
Participant characteristics
A total of 114 individuals with diabetes undergoing 
hemodialysis attended the North Central London Dial-
ysis Unit between April and August 2023. Of those, 57 
individuals treated with SU or insulin were eligible for 
inclusion in the analysis. The breakdown of exclusions 
from the source data file is summarized in figure 1.
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The participants had a mean age of 67.2 (±12.9) years, 
and 51.8% were male. The ethnic distribution mirrored 
the demographics of local population, with 23.2% identi-
fied as black, 23.2% as white%, 19.6% as Asian and 33% 
with unknown ethnicity. The mean HbA1c was 52 mmol/
mol (±18.6), the mean systolic blood pressure was 148.5 
mm Hg (±23.9), and the mean diastolic blood pressure 
was 73.91 mm Hg (±12.6). Of the total, 8.9% had diag-
nosis of type 1 diabetes and were treated with multiple 
daily doses of insulin and none were on insulin pump 
therapy, while 91.1% had type 2 diabetes with 44.6% using 
SU and 55.4% relied on insulin. Access to technology for 
glycemic management was limited, with only 2.8% having 
flash or continuous glucose monitor (CGM). Please refer 
to table 1 for detailed participant characteristics.

Prevalence of IAH
The prevalence of IAH in hemodialysis patients with 
diabetes was 23.2%, as shown in figure 2. This prevalence 
varied significantly based on diabetes type, with rates of 
3.6% for type 1 diabetes and 19.6% for type 2 diabetes. 
Importantly, there was no statistically significant differ-
ence in mean HbA1c levels between individuals with IAH 
(mean HbA1c of 47.9 mmol/mol±19.2) and those with 
normal hypoglycemia awareness (53.2 mmol/mol±18.43; 
p=0.37). Moreover, 69.2% of participants with IAH were 
treated with insulin or a combination of insulin and 
other agents, while only 30.8% of those with normal 
hypoglycemia awareness received SU, either alone or in 

combination with other agents. Additionally, a weak posi-
tive correlation (r=0.027, p=0.84) was observed between 
the Clarke Score and HbA1c. For a visual representa-
tion, please refer to figure  3, displaying the scatterplot 
illustrating the relationship between Clarke Score and 
HbA1c.

Prevalence of severe hypoglycemia and fear of hypoglycemia
In the 12 months leading up to the audit, 23.6% of 
participants reported experiencing at least one episode 
of severe hypoglycemia. Among those self-reporting 
severe hypoglycemia, 46.2% had IAH, and 52.9% were 
classified as having moderate to severe frailty. There was 
no statistically significant difference in mean HbA1c 
between participants who reported experiencing severe 
hypoglycemia (57.8 mmol/mol±29.3) and those without 
severe hypoglycemia (50.5±14.0; p=0.22). Additionally, 
a significant proportion (76.9%) of participants with a 
history of severe hypoglycemia were treated exclusively 
with insulin or a combination of insulin and other agents. 
The prevalence of severe hypoglycemia, stratified by IMD 
scores, was as follows: 66.6%, 52.3%, 30.0%, 75.0%, and 
50.0% for IMD scores 1–5, respectively. A moderate posi-
tive correlation was observed between Clarke Score and 
severe hypoglycemia (Spearman’s correlation r=0.48, 
p=0.0002).

Out of the 51 participants who responded, 60.6% 
reported having fear of hypoglycemia. Among those who 
reported this fear, a significant proportion (29.0%) had 

Figure 1  Flow diagram of cohort.
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IAH and 32.2% had a history of severe hypoglycemia. 
Additionally, a large number (83.9%) had an HbA1c 
less than 58 mmol/mol. A weak positive correlation 
was observed between severe hypoglycemia and HbA1c 
(Spearman’s correlation r=0.06, p=0.66).

Association of IAH and sociodemographic and clinical 
variables
Unadjusted and adjusted analyses were performed for 
various sociodemographic and clinical variables to assess 
their individual odds of being associated with IAH. The 
results, as presented in table 2, indicate that there was no 
significant association between IAH and age, sex, mean 
BMI, mean systolic blood pressure, or mean HbA1c level.

CONCLUSION
The study aimed to determine the prevalence of IAH 
in adults with diabetes undergoing hemodialysis at the 
North Central London Dialysis Unit using Clarke’s hypo-
glycemia questionnaire. Limited information exists on 
the occurrence of IAH in this population, and to our 
knowledge, this study is the first to investigate its preva-
lence. We have demonstrated that almost one in four indi-
viduals with diabetes on hemodialysis have IAH, putting 
them at risk of severe hypoglycemia. This observed prev-
alence is higher than that reported in previous studies 
involving individuals with diabetes on peritoneal dial-
ysis. In the study by Haboosh et al,22 colleagues reported 

Table 1  Descriptive distribution of baseline demographic and clinical characteristics

Variable Category Missing (%) n (%) or mean±SD

Age 67.2 (±12.9)

Sex Female
Male

27 (48.2)
29 (51.8)

Ethnicity White
Black
Asian
Unknown

13 (23.2)
13 (23.2)
11 (19.6)
19 (33.9)

Frailty Score <4 (No frailty)
≥4 (Moderate to severe frailty)

1.8% 21 (38.2)
34 (61.8)

IMD score 1 (Most deprived)
2
3
4
5 (Least deprived)

1.8% 18 (32.7)
21 (38.2)
10 (18.2)
4 (7.3)
2 (3.6)

Body mass index (BMI) <24.9
25.0–29.9
≥30.0

12.5% 13 (26.5)
11 (22.5)
25 (51)

Mean BMI 30.4 (±6.8)

Mean systolic blood pressure (SBP) 148.5 (±23.9)

Mean diastolic blood pressure (DBP) 73.91 (±12.6)

Type of diabetes treatment SU
Insulin

25 (44.6)
31 (55.4)

HbA1c <48
48 to <58
≥58

22 (39.3)
18 (32.1)
16 (29.6)

Mean HbA1c 52 (±18.6)

Occurrence of hypoglycemia (≤3.9 mmol) With symptoms
Without symptoms

25 (44.6)
15 (26.8)

Fear of hypoglycemia Yes
No

31 (55.4)
25 (44.6)

Number of severe hypoglycemia episodes in 
last 12 months

13 (23.6)

Hypoglycemia awareness status Hypoglycemia aware
Hypoglycemia unaware

43 (76.8)
13 (23.2)

Access to diabetes technology or CGM Yes
No

1 (2.8)
55 (98.2)

CGM, continuous glucose monitor; IMD, Index of Multiple Deprivation; SU, sulfonylurea.
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a 15% prevalence of IAH in individuals with diabetes 
undergoing peritoneal dialysis. Furthermore, Hayashi 
et al23 found asymptomatic hypoglycemia in over 20% of 
their study participants with diabetes undergoing hemo-
dialysis using CGM.

The prevalence of severe hypoglycemia was higher 
in our study, with 23.6% of participants reporting at 
least one event in the preceding 12 months. Hsiao et al4 
reported in the year before commencement of dialysis 
that severe hypoglycemia occurred in 11.5% of patients 
with advanced diabetes kidney disease (DKD). Chu et al24 
reported that 19.18% of patients with advanced DKD had 
at least one episode of hypoglycemia in the year leading 
up to the start of their dialysis therapy. Data on the preva-
lence of severe hypoglycemia in hemodialysis population 

are lacking, making it essential to quantify the burden of 
severe hypoglycemia.

We observed half (50%, n=6) of the participants who 
experienced severe hypoglycemia had IAH, a rate higher 
than previously reported. In the Diabetes Control and 
Complications Trial study, 36% of serious hypoglycemia 
incidents were attributed to hypoglycemia unaware-
ness.25 This finding demonstrated the need to routinely 
assess hypoglycemia awareness status in this population 
to reduce the risk of hypoglycemia.

In our analysis, we found no significant difference in 
mean HbA1c between participants with IAH and those 
with normal hypoglycemia awareness. This contrasts with 
findings from studies by Amiel et al,26 which reported 
lower HbA1c levels in patients with IAH in people with 
type 1 diabetes.

Our data suggest that eligible individuals, according 
to existing National Institute for Health and Care Excel-
lence guidance,27 often lack access to diabetes technology 
that could aid in managing their glucose levels effectively. 
These technologies offer real-time insights into glucose 
patterns, making it vital to promote their adoption and 
improve access. FreeStyle Libre has been shown signifi-
cant improvements in glycaemic control, hypoglycemia 
awareness, and reduced hospital admissions.28 Never-
theless, there is currently no evidence to support the 
use of FreeStyle Libre in improving glycemic control or 
reducing hypoglycemia among individuals with diabetes 
undergoing hemodialysis.3 This highlights the clear need 
for additional research to determine whether the use of 
FreeStyle Libre could potentially lead to a decrease in the 
occurrence of hypoglycemia, severe hypoglycemia, and 
IAH in individuals with diabetes undergoing hemodialysis.

Figure 2  Prevalence of impaired awareness of 
hypoglycemia.

Figure 3  Scatterplot of Clarke Score and HbA1c: Pearson’s correlation=0.03.
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Our study has several limitations. First, due to the cross-
sectional nature of the analysis, we cannot infer causal 
relationships. Second, the study’s single-center design 
limits its external validity and broader clinical applica-
tion. However, we anticipate that similar results would 
be obtained in other dialysis units. Third, the assessment 
of hypoglycemia awareness status unavoidably relies on 
subjective measures and is subject to potential recall 
bias, especially regarding baseline questions related to 
the preceding 12 months. Fourth, our analysis encom-
passed individuals with both type 1 and type 2 diabetes. 
However, it is essential to interpret the stratified prev-
alence of IAH by the type of diabetes cautiously, given 
the limited sample size. We acknowledge that the impact 
of severe hypoglycemia and IAH differs between people 
with type 1 and type 2 diabetes. Nonetheless, our results 
demonstrate that individuals with diabetes on hemodial-
ysis arguably face an elevated risk of hypoglycemia and 
IAH regardless of the type of diabetes. Fifth, we observed 
no association between IAH and sociodemographic or 
clinical factors, and it is possible that the study design and 
population size may have influenced this result. Another 
limitation includes the accuracy of HbA1c in the assess-
ment of glycemic status in people with diabetes on hemo-
dialysis. Finally, there was considerable variation in the 
level of self-monitoring glucose monitoring in this group, 
suggesting that greater efforts need to be made to engage 
and ensure that this group has access to technology.

On the other hand, one of the study’s strengths 
includes the use of a validated tool for measuring IAH. 
Our research provides new insights into the prevalence 
of IAH in people with diabetes on hemodialysis and 
quantifies the fear of hypoglycemia and the number of 
severe hypoglycemic events in this population.

Our study confirms the relationship between IAH, 
frequency of severe hypoglycemia and fear of hypogly-
cemia in people with diabetes on hemodialysis in North 
Central London. Despite the high prevalence and known 

risk factors for severe hypoglycemia, this group is poorly 
served by diabetes technology. This observation reflects 
the known disparity of access to diabetes technology for 
minority ethnic groups and deprived populations, and 
that this group does not have access to diabetes tech-
nology that could prevent severe hypoglycemia. IAH was 
more prevalent in people who reported a fear of hypogly-
cemia and had a history of severe hypoglycemia episodes.
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Table 2  Unadjusted OR for hypoglycemia awareness status

Variable Category

Unadjusted OR of IAH (95% 
CI)*
Model 1

Adjusted OR of IAH (95% 
CI)†
Model 2

Age 0.97 (0.93–1.02) 0.96 (0.90–1.02)

Sex Female
Male

1.00
1.11 (0.32–3.86)

1.63 (0.36–7.48)

Frailty Score <4 (No frailty)
≥4 (Moderate to severe frailty)

1.00
0.98 (0.27–3.54)

1.27 (0.28–5.67)

Mean BMI 1.05 (0.96–1.16) 1.02 (0.91–1.14)

Mean systolic blood pressure 
(SBP)

1.02 (0.99–1.05) 1.04 (1.00–1.08)

Mean HbA1c 0.98 (0.94–1.02) 0.94 (0.88–1.00)

*Model 1: crude association.
†Model 2: adjusted for age, sex, Frailty Score, mean BMI, mean HbA1c and mean systolic blood pressure.
‡OR (95% CI) shown in bold indicates that the 95% CI does not include 1.
BMI, body mass index; IAH, impaired awareness of hypoglycemia.
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