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ABSTRACT

Aims: Gold and Clarke questionnaires are used to identify impaired awareness of hypoglycaemia (IAH) and severe hypoglycae-
mic event (SHE) risk in people with diabetes (pwD). We explored their overlap, including Clarke's Hypoglycaemia Awareness
Status (Clarke-HAS) subfactor, and subsection differences in SHE incidence (Gold, Clarke, overlap).

Materials and Methods: This post hoc analysis of the Hypo-METRICS study recruited pwD on insulin (type 1: T1D; type 2:
T2D) with > 1 hypoglycaemic event in the previous 3 months. IAH was defined as Gold >4, Clarke >4, Clarke-HAS >2.
Results: Gold and Clarke were completed by 232 pwT1D and 285 pwT2D (age: 47 vs. 62years, p<0.001; HbAlc: 56 mmol/mol
(7.3%) vs. 57mmol/mol (7.4%), p=0.03). IAH prevalence in T1D vs. T2D was 21% vs. 26% (p=0.1), 14% vs. 18% (p=0.2), and 41%
vs. 48% (p=0.2) according to Gold, Clarke and Clarke-HAS. The overlap between Gold >4, Clarke >4 was 40% (T1D: 45%; T2D:
37%); between Gold >4, Clarke-HAS > 2 it was 45% (T1D: 43%; T2D: 47%). The overlap between Gold >4, Clarke >4 was 41%
vS. 39% in CGM vs. non-CGM users (T1D: 50% vs. 35%; T2D: 32% vs. 40%); between Gold >4, Clarke-HAS > 2 it was 39% vs. 53%

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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(T1D: 38% vs. 54%; T2D: 40% vs. 53%). In the IAH sample, SHE rate was lower in people found with ITAH by Gold vs. Clarke, 9%
vs. 53%, and in those assessed by Gold-Clarke overlap vs. Clarke, 20% vs. 53% (all p <0.001).

Conclusions: Gold and Clarke show moderate consistency (37%-54%) in identifying IAH in insulin-treated diabetes, with/without
CGM use, each associated with different SHE rates, indicating the two questionnaires measure different, independent aspects of TAH.

1 | Introduction

Hypoglycaemia is an important limiting factor in optimising
glycaemic management in diabetes [1], to minimise long-term
complications [2]. Recurrent events can blunt counterregula-
tory symptom and hormone responses to subsequent events,
which in some individuals can lead to impaired awareness
of hypoglycaemia (IAH) [3]. IAH, defined as the diminished
ability to perceive the onset of hypoglycaemia [4], is associated
with increased risk of severe hypoglycaemia in people with
type 1 diabetes (pwT1D) [5] and insulin-treated type 2 diabe-
tes (pwI2D) [6]. IAH is thought to affect up to 25% of pwT1D
[5, 7, 8], and about 10% of those with insulin-treated T2D
[6, 9], with evidence from randomised control trials showing
that continuous glucose monitoring (CGM) decreases the inci-
dence of severe hypoglycaemia [10].

The Gold measure [11] and the Clarke questionnaire [12] in its
updated format [13] were developed in the 1990s as tools for as-
sessing hypoglycaemia awareness in pwT1D. Gold comprises of
a single question, with a response option ranging from 1 to 7;
Clarke consists of 8 questions, with total score ranging from 0
to 7, with scores >4 indicating IAH on both measures. Using
principal component analysis, in 2020, Sepulveda and associ-
ates highlighted that Clarke incorporates two dimensions: “hy-
poglycaemia awareness” (questions 1, 2, 5/6, 7, 8) and “severe
hypoglycaemia experience” (questions 3 and 4). For the first di-
mension, the Clarke Hypoglycaemia Awareness Status (Clarke-
HAS) subscale, the authors suggested a score > 2 as indicative of
TIAH [14]. A later study suggested a value of >2.5 in pwI2D [15].

Clarke and Gold have been found to highly correlate with one
another [16, 17]; both showed a moderately negative relationship
with adrenaline responses (Clarke: r=-0.51, Gold: r=-0.50)
and total symptom responses (Clarke: r=-0.59, Gold: r=-0.57)
during clamp-induced hypoglycaemia in T1D [18]. However,
Rubin and associates found that 32% of participants were classi-
fied inconsistently by Clarke/Gold questionnaires, although the
classification accuracy increased in both extremes of hypogly-
caemia awareness [18]. IAH with either measure was associated
with lower ratings for autonomic symptoms in daily life in T1D
[17]. TAH by either measure is associated with increased severe
hypoglycaemia risk [10].

More recently, CGM metrics such as time below range (TBR) are
widely used to identify risk of hypoglycaemia but, actually, very
few studies link this to SHE risk. Two recently published studies
[19, 20] show that high TBR is only associated with increased
risk of SHE in the presence of IAH, based on Gold measure.
Accurately identifying people with IAH thus remains important
for clinical management even with current technology. Given
the importance of these questionnaire-based measures of IAH,
we explored whether Gold, Clarke, and Clarke-HAS measures

identify the same individuals with the same awareness status
by investigating their overlap and correlations in IAH clas-
sification, using data from the Hypo-METRICS study [21].
Subsequently, severe hypoglycaemia incidence across all IAH
classification subgroups was explored.

2 | Methods
2.1 | Research Design

This was a post hoc analysis of data collected as part of the Hypo-
METRICS study, a 10-week multinational observational study
(ClinicalTrials.gov (NCT04304963)) conducted at nine clinical
sites across Austria, Denmark, France, the Netherlands, and U.K.;
data were collected between Oct 2020 and Oct 2022. The study
protocol was approved by ethics committees in each country [21].
Written informed consent was obtained from all participants.

2.2 | Study Participants and Design

Hypo-METRICS recruited 602 adults aged between 18 and
85years with T1D and insulin-treated pwT2D with >1 hypogly-
caemic event in the 3months prior to study enrolment. Key inclu-
sion criteria were being an adult (aged 18-85years), living with
T1D or T2D, taking >1 insulin injection per day, and having ex-
perienced >1 episode of hypoglycaemia in the 3months prior to
study enrolment. Key exclusion criteria were an estimated glomer-
ular filtration rate of <30mL/min/1.73m? and hybrid-closed loop
use. The trial protocol has been published previously [21].

2.3 | Measures

Hypoglycaemia awareness status was assessed at enrolment by
the Gold question and the Clarke survey. Clarke and Clarke-
HAS scores were calculated by combining the answers to Clarke
questions ‘1-8 and ‘1", 2’ and ‘5-8, respectively [14]. IAH was
defined as Gold >4, Clarke >4, and Clarke-HAS > 2.

2.4 | Statistical Analysis

Descriptive analysis was used for participants' socio-demographic
and clinical characteristics. Categorical variables were reported as
frequencies, percentages and continuous variables as medians and
interquartile range to account for the skewness of our data.

We identified proportion of participants with IAH using each
measure (Gold, Clarke, Clarke-HAS) and explored classifica-
tion differences for the overall sample and by subgroups (dia-
betes type and mode of glucose monitoring); we additionally
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calculated their overlap per subgroup, visualising it with Venn
diagrams. Agreement was assessed using with Cohen's x; 95%
confidence intervals were derived using Fleiss' method.

We then looked into severe hypoglycaemia incidence differ-
ences across all subgroups. Because the Hypo-METRICS study
collected data only for 10weeks and we did not have prospective
documentation of SHE, we used x? and Fisher's Exact tests to
assess the ratio of people with IAH according to each measure
and their overlap with >1 self-reported event of severe hypogly-
caemia the year prior (assessed as response to question 4 of the
Clarke survey), subsectioned by modality of glucose monitoring
(CGM + SMBG, CGM, and SMBG users), between those with Gold
>4 & Clarke <3 (Gold >4 only), Clarke >4 & Gold <3 (Clarke
>4 only), and Gold >4 & Clarke >4 (Gold/Clarke overlap) com-
bined. [Correction added on 26 May 2026, after first online pub-
lication: In the previous sentence, ‘question 3’ has been corrected
to ‘question 4.] We extended this analysis to Clarke-HAS, too.
We adjusted with Benjamini-Hochberg (BH) corrections for mul-
tiple comparisons. We used Spearman correlation coefficient (p)
analysis to investigate the correlations between Gold/Clarke, and
Gold/Clarke-HAS, in the full sample and within each subgroup.

All analyses were performed in R (version 4.4.1) [22]. Statistical
significance was defined as p <0.05 (two-tailed).

3 | Results

From 602 participants recruited, 517 (232 pwT1D, 285 pwT2D)
completed both Gold and Clarke at enrolment (55 did not con-
sent for their data to be used in secondary analyses; 30 had not
fully completed all questions for both measures). The list of so-
ciodemographic and clinical characteristics of the sample is in
Table 1.

3.1 | Overlap of Gold, Clarke, and Clarke-HAS in
T1D+T2D, T1D, and T2D

The prevalence of IAH in the entire sample was 24% (123/517) by
Gold >4,16% (83/517) by Clarke >4, and 45% (232/517) by Clarke-
HAS >2. There was no difference in the percentage of people
identified with TAH between T1D vs. T2D: Gold 21% (48/232)
vS. 26% (75/285), p=0.1; Clarke 14% (32/232) vs. 18% (51/285),
p=0.2; Clarke-HAS 41% (96/232) vs. 48% (136/285), p=0.2.

Among pwT1D, (171 CGM, and 61 SMBG users), there was no
difference in the percentage of people identified with TAH be-
tween CGM vs. SMBG users: Gold 18% (31/171) vs. 28% (17/61),
p=0.1; Clarke 15% (26/171) vs. 10% (6/61), p=0.3; Clarke-HAS
41% (70/171) vs. 43% (26/61), p=0.8. HbAlc was 56 mmol/mol
(IQR=13) vs. 58 mmol/mol (IQR=11), p=0.4.

Among pwI2D (120 CGM, and 165 SMBG users), there was no
difference in the percentage of people identified with IAH be-
tween CGM vs. SMBG users: Gold 27% (32/120) vs. 26% (43/165),
p>0.9; Clarke 18% (21/120) vs. 18% (30/165), p=0.9. However, a
statistically significant difference was found with Clarke-HAS:
58% (69/120) vs. 41% (67/165) in CGM vs. SMBG-users, p=0.005.

TABLE 1 | Summary of demographic characteristics of the study

sample.

Variable

T1D (n=232)

T2D (n=285)

Sex: male,
n (%)

Age (yr.):
median
(IQR)
Ethnicity, n
(%)

White

Other
ethnicity/did
not disclose

Diabetes
duration
(yr): median
(IQR)
HbAlc (%),
median

(IQR)
HbAlc
(mmol/mol),
median
(IQR)

Unknown

Glucose
monitoring,
n (%)

CGM
SMBG

Insulin
delivery, n
(%)

Multiple
daily
injections
Pump (open
loop)

Other (basal
only, mixed
insulins)

Awareness
status, n (%)

Gold >4
Clarke >4

Clarke-HAS
>2

108 (47)

49 (28)

223 (96)
94

19 (25)

7.3 (L.1)

56 (12)

171 (74)
61 (26)

148 (64)

75 (32)

94

48 (21)
32(14)
96 (41)

178 (62)

63 (15)

260 (91)
25 (9)

18 (12)

7.4(1.4)

57 (15)

120 (42)
165 (58)

148 (52)

73)

130 (46)

75 (26)
51 (18)
136 (48)

<0.001

<0.001

0.03

0.3

0.03

0.03

<0.001

<0.001

0.1
0.2
0.2

aMedian (Q1, Q3); n (%).

bWilcoxon rank sum test; Fisher's exact test; x? test.
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FIGURE1 |

Heatmap matrix demonstrating the number of individuals for each discrete value of Gold, Clarke, and Clarke-HAS in the entire co-

hort and diabetes subgroups. The darker the purple shade the higher the count is.

HbA1c was 55mmol/mol (IQR=13) vs. 60mmol/mol (IQR=19),
p=0.008.

We created a heatmap (Figure 1) that shows how Gold/Clarke,
and Gold/Clarke-HAS map out against each other at each dis-
crete score value in the total sample, T1D, and T2D.

3.1.1 | Al:TAH in the Total Sample

Gold >4 and Clarke > 4: Out of 147/517 (28%) participants identi-
fied with IAH with either questionnaire, 40% (59/147) were clas-
sified with TAH by both measures, leaving 44% (64/147) with
IAH by Gold, but aware by Clarke, and 16% (24/147) with IAH
by Clarke, but aware by Gold (Figure 2).

Gold >4 and Clarke-HAS > 2: Out of 245/517 (47%) participants
identified with TAH with either questionnaire, 45% (110/245)
were classified with IAH by both measures, leaving 5% (13/245)
with IAH by Gold, but aware by Clarke-HAS, and 50% (122/245)
with IAH by Clarke-HAS, but aware by Gold.

3.1.1.1 | IAH in T1D, T2D. TID: Out of 232 pwT1D, 55
(24%) were identified with TAH with either Gold or Clarke,
and 101 (44%) with either Gold or Clarke-HAS; the overlap
of the individuals classified with IAH by both Gold and Clarke
was slightly larger compared to the overlap between both Gold
and Clarke-HAS, 45% (25/55) and 43% (43/101) respectively.

T2D: Out of 285 insulin-treated pwT2D, 92 (32%) were identified
with IAH with either Gold or Clarke, and 144 (51%) with either
Gold or Clarke-HAS; the overlap of the individuals classified
with IAH by both Gold and Clarke was smaller compared to the
overlap between both Gold and Clarke-HAS, 37% (34/92) and
47% (67/144) respectively.

3.1.2 | A2:CGM vs SMBG Users

3.1.2.1 | Gold >4 and Clarke >4. CGM: Out of 291 CGM
users, 78 (27%) were identified with IAH by either questionnaire
(38 outof 171 (22%) in T1D and 40 out of 120 (33%) in T2D). Of these,
41% (32/78) in T1D +T2D were classified with IAH by both mea-
sures, with 50% (19/38) in T1D and 32% (13/40) in T2D (Figure S1).

SMBG: Out of 226 SMBG users, 69 (31%) were identified with
IAH by either questionnaire (17 out of 61 (28%) in T1D and 52
out of 165 (32%) in T2D). Of these, 39% (27/69) in T1D +T2D
were classified with IAH by both measures, with 35% (6/17) in
T1D and 40% (21/52) in T2D.

3.1.2.2 | Gold >4 and Clarke-HAS >2. CGM: Out of 291
CGM users, 145 (50%) were identified with IAH by either ques-
tionnaire (73 out of 171 (43%) in T1D and 72 out of 120 (60%) in
T2D). Of these, 39% (57/145) in T1D + T2D were classified with
IAH by both measures, with 38% (28/73) in T1D and 40% (29/72)
in T2D (Figure S2).

SMBG: Out of 226 SMBG users, 100 (44%) were identified with
IAH by either questionnaire (28 out of 61 (46%) in T1D and 72
out of 165 (44%) in T2D). Of these, 53% (53/100) in T1D + T2D
were classified with TAH by both measures, with 54% (15/28) in
T1D and 53% (38/72) in T2D.

Observed agreement between Gold and Clarke was moderate
overall, between 70%-89%.

Cohen's x values showed fair-to-moderate concordance
(~0.33-0.60), slightly higher in T1D than T2D, and generally
stronger for Clarke vs. Clarke-HAS. The SMBG group often
showed equal or higher x compared with CGM users, especially
in Clarke-HAS comparisons (Table S1).
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Gold=4 OR Clarke=4: 147 PwD
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Gold24 OR Clarke-HAS22: 245 PwD

Gold24 OR Clarke24: 55 PwT1D

Gold24 OR Clarke-HAS22: 101 PwT1D

Gold24 OR Clarke24: 92 PwT2D

Gold
41
(45%)

Gold24 OR Clarke-HAS22: 144 PwT2D

FIGURE2 | Venn diagram matrix on the overlap between Gold and Clarke, and between Gold and Clarke-HAS in the entire cohort and diabetes

subgroups.

3.1.3 | SHEsin the Year Prior to the Study: IAH
and NAH

In the total sample (T1D+T2D, CGM + SMBG), there was no
difference in the proportion of SHEs during the 12months
prior to the study between those identified with IAH by Gold
only (6/64) vs. Gold and Clarke (12/59), 9% vs. 20% (p=0.14; BH
p>0.9). There was a statistically significant difference between
those with IAH by Gold only (6/64) vs. Clarke only (20/38), 9%
vs. 53% respectively (p<0.001; BH p<0.001), and between
those with IAH by Clarke only vs. Gold and Clarke, 53% vs. 20%
(p<0.001; BH p=0.01) (Table 2).

3.1.3.1 | T1D. In CGM users, Gold and Clarke-HAS identi-
fied more people (8/28) with > 1 SHE compared with Clarke-HAS
only (3/42), 29% vs. 7%, (p=0.02; BH p=0.1). No other compari-
son between individual measures or their combinations yielded
any statistically significant differences.

In SMBG users, we did not find any statistically important dif-
ferences, although the subgroup sizes were quite small.

3.1.3.2 | T2D. Conversely, it was in the CGM group that we
did not find any statistically important differences, with the sub-
group sizes being quite small.

In SMBG users, Gold only identified fewer people (1/22) with >1
SHE compared with Clarke only (18/23), 5% vs. 78% (p <0.001;
BH p<0.001); similar results were found between Gold and
Clarke (3/21) vs. Clarke only (18/23), 14% vs. 78% (p <0.001; BH
p<0.001), and also between Gold and Clarke-HAS (4/38) vs.
Clarke-HAS only (19/43), 11% vs. 44% respectively, (p <0.001;
BH p=0.01) No other comparison between individual

measures or their combinations yielded any statistically signif-
icant differences.

For exploratory reasons, we repeated the same analysis using a
cutpoint of > 5 for Gold as suggested by the authors of the orig-
inal paper [11], and >5 for Clarke as suggested by Matus and
associates [23]. We did not find a better discriminatory value
among the questionnaires (Table S2).

3.1.4 | Correlation Analysis

Table S3 shows the correlation matrices for Gold, Clarke, and
Clarke-HAS continuous scale measures for the total sample,
T1D, and T2D.

Between Gold and Clarke, in the entire cohort, the correlation was
p=0.61 overall, with similar coefficients observed when stratified
by diabetes type (0.62 in T1D, 0.63 in T2D; all p<0.001).

Between Gold and Clarke-HAS, correlation coefficients were sim-
ilar in magnitude. In the entire cohort, the correlation was p=0.65
overall, p=0.70 in T1D, and p=0.62 in T2D (all p <0.001).

4 | Discussion

This study highlights considerable discordance between people
identified with TAH using widely used assessment tools that
are recommended by guidelines such the National Institute
for Health and Care Excellence [24] or the American Diabetes
Association [25]. These differences are more prominent in CGM
users with insulin-treated T2D.
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TABLE 2 | Difference in the number and proportion of participants with >1 severe hypoglycaemic event (SHE) in the year prior to the study
within the total sample (T1D+T2D, T1D, and T2D), subsectioned by modality of glucose monitoring (CGM +SMBG, CGM, and SMBG users),
between those with Gold >4 & Clarke <3 (Gold>4 only), Clarke >4 & Gold <3 (Clarke>4 only), and Gold >4 & Clarke >4 (Gold/Clarke overlap)
combined; the same analysis was extended to the redacted version of the Clarke survey (Clarke-HAS >2). Benjamini-Hochberg (BH) correction has
been applied for multiple comparisons. If no individuals were identified in an overlapping section, statistical analysis was not possible and results

are presented as NA.

Proportion (n/N) of

participants with
Mode of glucose >1SHE in the year BH-
Type of diabetes monitoring Awareness status prior to the study P adjusted p
T1D+T2D CGM +SMBG Gold >4 only vs. Gold/ 9% (6/64) vs. 20% (12/59) 0.14¢ >0.9
Clarke overlap
Gold >4 only vs. 9% (6/64) vs. 53% (20/38) <0.001¢ <0.001
Clarke >4 only
Gold/Clarke overlap 20% (12/59) vs. 53% (20/38) <0.001¢ 0.01
vs. Clarke >4 only
Gold >4 only vs. Gold/ 8% (1/13) vs. 16% (17/110) 0.69° >0.9
Clarke-HAS overlap
Gold >4 only vs. 8% (1/13) vs. 19% (26/136) 0.46° 0.86
Clarke-HAS >2 only
Gold/Clarke-HAS 16% (17/110) vs. 19% (26/136) 0.56¢ >0.9
overlap vs. Clarke-
HAS >2 only
CGM Gold >4 only vs. Gold/ 10% (3/31) vs. 25% (8/32) 0.20¢ 0.56
Clarke overlap
Gold >4 only vs. 10% (3/31) vs. 13% (2/15) >0.9° >0.9
Clarke >4 only
Gold/Clarke overlap 25% (8/32) vs. 13% (2/15) 0.47? 0.86
vs. Clarke >4 only
Gold >4 only vs. Gold/ 0% (0/6) vs. 19% (11/57) 0.58P >0.9
Clarke-HAS overlap
Gold >4 only vs. 0% (0/6) vs. 6% (5/82) >0.9b >0.9
Clarke-HAS >2 only
Gold/Clarke-HAS 19% (11/57) vs. 6% (5/82) 0.03¢ 0.14
overlap vs. Clarke-
HAS >2 only
SMBG Gold >4 only vs. Gold/ 9% (3/33) vs. 15% (4/27) 0.69% >0.9
Clarke overlap
Gold >4 only vs. 9% (3/33) vs. 78% (18/23) <0.001¢ <0.001
Clarke >4 only
Gold/Clarke overlap 15% (4/27) vs. 78% (18/23) <0.001¢ <0.001
vs. Clarke >4 only
Gold >4 only vs. Gold/ 14% (1/7) vs. 11% (6/53) >0.9° >0.9
Clarke-HAS overlap
Gold >4 only vs. 14% (1/7) vs. 39% (21/54) 0.4b 0.86
Clarke-HAS >2 only
Gold/Clarke-HAS 11% (6/53) vs. 39% (21/54) <0.001¢ 0.01
overlap vs. Clarke-
HAS >2 only
(Continues)
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TABLE 2 | (Continued)

Proportion (n/N) of

participants with
Mode of glucose >1SHE in the year BH-
Type of diabetes monitoring Awareness status prior to the study P adjusted p
T1D CGM +SMBG Gold >4 only vs. Gold/ 13% (3/23) vs. 32% (8/25) 0.22¢ 0.58
Clarke overlap
Gold >4 only vs. 13% (3/23) vs. 14% (1/7) >0.9b >0.9
Clarke >4 only
Gold/Clarke overlap 32% (8/25) vs. 14% (1/7) 0.64b 0.75
vs. Clarke >4 only
Gold >4 only vs. Gold/ 20% (1/5) vs. 23% (10/43) >0.9b >0.9
Clarke-HAS overlap
Gold >4 only vs. 20% (1/5) vs. 9% (5/53) 0.43b 0.86
Clarke-HAS >2 only
Gold/Clarke-HAS 23% (10/43) vs. 9% (5/53) 0.12¢@ 0.4
overlap vs. Clarke-
HAS >2 only
CGM Gold >4 only vs. Gold/ 8% (1/12) vs. 37% (7/19) 0.11° 0.4
Clarke overlap
Gold >4 only vs. 8% (1/12) vs. 14% (1/7) >0.9° >0.9
Clarke >4 only
Gold/Clarke overlap 37% (7/19) vs. 14% (1/7) 0.37 0.85
vs. Clarke >4 only
Gold >4 only vs. Gold/ 0% (0/3) vs. 29% (8/28) 0.55° >0.9
Clarke-HAS overlap
Gold >4 only vs. 0% (0/3) vs. 7% (3/42) >0.9b >0.9
Clarke-HAS >2 only
Gold/Clarke-HAS 29% (8/28) vs. 7% (3/42) 0.02¢ 0.1
overlap vs. Clarke-
HAS >2 only
SMBG Gold >4 only vs. Gold/ 18% (2/11) vs. 17% (1/6) >0.9 >0.9
Clarke overlap
Gold >4 only vs. NA NA NA
Clarke >4 only
Gold/Clarke overlap NA NA NA
vs. Clarke >4 only
Gold >4 only vs. Gold/ 50% (1/2) vs. 13% (2/15) 0.33b 0.82
Clarke-HAS overlap
Gold >4 only vs. 50% (1/2) vs. 18% (2/11) 0.42b 0.86
Clarke-HAS >2 only
Gold/Clarke-HAS 13% (2/15) vs. 18% (2/11) >0.9 >0.9
overlap vs. Clarke-
HAS >2 only
(Continues)
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TABLE 2 | (Continued)

Proportion (n/N) of

participants with
Mode of glucose >1SHE in the year BH-
Type of diabetes monitoring Awareness status prior to the study P adjusted p
T2D CGM +SMBG Gold >4 only vs. Gold/ 7% (3/41) vs. 12% (4/34) 0.69° >0.9
Clarke overlap
Gold >4 only vs. 7% (3/41) vs. 61% (19/31) <0.001¢ <0.001
Clarke >4 only
Gold/Clarke overlap 12% (4/34) vs. 61% (19/31) <0.001¢ <0.001
vs. Clarke >4 only
Gold >4 only vs. Gold/ 0% (0/8) vs. 10% (7/67) >0.9b >0.9
Clarke-HAS overlap
Gold >4 only vs. 0% (0/8) vs. 25% (21/83) 0.19° 0.55
Clarke-HAS >2 only
Gold/Clarke-HAS 10% (7/67) vs. 25% (21/83) 0.03¢ 0.14
overlap vs. Clarke-
HAS >2 only
CGM Gold >4 only vs. Gold/ 11% (2/19) vs. 8% (1/13) >0.9° >0.9
Clarke overlap
Gold >4 only vs. 11% (2/19) vs. 13% (1/8) >0.9° >0.9
Clarke >4 only
Gold/Clarke overlap 8% (1/13) vs. 13% (1/8) >0.9° >0.9
vs. Clarke >4 only
Gold >4 only vs. Gold/ 0% (0/3) vs. 10% (3/29) >0.9° >0.9
Clarke-HAS overlap
Gold >4 only vs. 0% (0/3) vs. 5% (2/40) >0.9b >0.9
Clarke-HAS >2 only
Gold/Clarke-HAS 10% (3/29) vs. 5% (2/40) 0.64° >0.9
overlap vs. Clarke-
HAS >2 only
SMBG Gold >4 only vs. Gold/ 5% (1/22) vs. 14% (3/21) 0.34b 0.82
Clarke overlap
Gold >4 only vs. 5% (1/22) vs. 78% (18/23) <0.001¢ <0.001
Clarke >4 only
Gold/Clarke overlap 14% (3/21) vs. 78% (18/23) <0.001¢ <0.001
vs. Clarke >4 only
Gold >4 only vs. Gold/ 0% (0/5) vs. 11% (4/38) >0.9b >0.9
Clarke-HAS overlap
Gold >4 only vs. 0% (0/5) vs. 44% (19/43) 0.14° 0.44
Clarke-HAS >2 only
Gold/Clarke-HAS 11% (4/38) vs. 44% (19/43) <0.001¢ 0.01
overlap vs. Clarke-
HAS >2 only
aChi-square test.
bFisher's exact (Monte Carlo simulation).
4.1 | Discordance of Questionnaires in of T2D) were identified as IAH with both Gold and Clarke,

Identifying IAH

with similar figures for the combination of Gold and Clarke-
HAS questionnaires. More people were identified with IAH

While similar proportion of people were identified as having with just Gold (24%) than Clarke alone (16%). These results
IAH with different measures, only 40% (45% of T1D and 37% are similar to the findings of Rubin and associates, who found
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32% of pwT1D were classified inconsistently by Gold/Clarke.
Their study (which included 78 pwT1D) also found that these
questionnaires poorly predicted hormonal and symptomatic
responses to experimental hypoglycaemia [18]. It is worth
noting that in the same study, people scoring 3 with either
measure were classified as having “indeterminant” aware-
ness status, reducing the prevalence of intact awareness and
perhaps contributing to the strength of the correlation. Whilst
the authors have computed correlation coefficients to look at
agreement between these two measures, we believe that this
approach may hide the fact that their overlap is in fact poor:
they do not identify the same people with the same awareness
status, which is more clinically relevant.

Both Gold and Clarke questionnaires were developed before the
CGM era; in our study >75% of pwT1D and about 30% of pwT2D
were CGM users. As most of these participants would have alarms
that provide “technological” awareness, this could have affected
the interpretation of the Gold question, which asks the individual
whether they know when their hypoglycaemic events are com-
mencing. It is possible that some assumed this meant symptoms
while others may have included the alerts provided by CGM sys-
tems. The Clarke survey is longer and more detailed than the
Gold measure, exploring both the ability to detect low glucose as
well as frequency of severe and non-severe hypoglycaemia. This
measure is more likely to change with interventions that reduce
the frequency of hypoglycaemia such as CGM or HCL, as noted
in a recent post hoc analysis of the WISDM study [26].

It was for those reasons that we also looked at Clarke-HAS
as we thought it may align better with Gold. The Clarke-HAS
questionnaire alone identified almost twice as many individu-
als with TAH in comparison with Gold and almost three times
as many when compared with the full version of the Clarke
survey, both in T1D and in T2D. To the best of our knowledge,
its proposed IAH threshold has not been validated in hypo-
glycaemic clamp studies, although a recent cross-sectional ob-
servational study found it performed comparably to the Gold
questionnaire in predicting severe hypoglycaemia [27].

4.2 | Awareness Status and Risk of Severe
Hypoglycaemia

In its broadest sense, IAH refers to the inability to detect hy-
poglycaemia, which comes with two conditions. The first is
the generation of symptoms associated with hypoglycaemia,
related to the hormonal counter-regulatory response; this is
blunted in TAH, described in a hypothesis widely known as
hypoglycaemia-associated autonomic failure (HAAF) [28];
it can only really be assessed with clamp studies. The second
condition is the ability of the individual to perceive those symp-
toms. Whilst in most cases the adrenaline responses and au-
tonomic symptoms are correlated, there can be a discrepancy
[29] particularly in those with IAH. Recent data suggest that
this relationship may be moderated via interoceptive awareness
[30]. Neuroimaging studies suggest this may be mediated via
areas in the frontal cortex involved in executive function [31].

CGM and HCL systems have greatly mitigated the risk of SHEs,
but residual risk remains as technology can be fallible [8].

Access to CGM systems in different populations may be driven
by those individuals experiencing more problematic hypogly-
caemia. We also know that over half of sensor-detected hypogly-
caemic episodes are asymptomatic, even in those with normal
awareness (as assessed by Gold/Clarke), and those with a low
risk of SHEs [32].

Although prevalence of IAH has decreased over the past years
[10], recent studies have highlighted the limited predictive value
of CGM metrics such as TBR in predicting risk of SHEs [19, 20].
In both of them, people with intact physiological responses had
low risk of SHES, even among those with high TBR; only people
with high TBR and IAH combined presented the highest risk.
These results render IAH—measured by Gold—an independent
predictor of SHEs even in those using advanced technologies.

Most severe hypoglycaemia is concentrated within a small sam-
ple of people with recurrent SHEs rather than dispersed across
more people with insulin-treated diabetes [33]. In that regard,
asking about the person's past experience of severe hypoglycae-
mia remains important part of any assessment of future risk of
severe hypoglycaemia. Due to the design of the HypoMETRICS
study, documentation of SHEs was not prospective and may
have been subjected to recall bias; however, SHE rates in our
study were not dissimilar to the ones from other real-world evi-
dence studies [10].

4.3 | IAH and Person-Reported Outcomes

Within healthcare systems, awareness status can be a clinical
adjunct in the evaluation of people with problematic hypogly-
caemia to grant them access to certain therapies, such as HCL
systems [34]. IAH status can also negatively impact driving or
occupation [35], and is associated with higher levels of diabetes
distress [36], depression and anxiety in T1D, even in individuals
with access to CGM [37].

4.4 | IAH: Dichotomy vs Spectrum

The categorisation of intact vs. impaired awareness obscures
the fact that IAH is a spectrum rather than a dichotomy [38],
which both Gold and Clarke may fail to elucidate when em-
ploying a single cut-off >4. As demonstrated by the heatmaps
in Figure 1, most of the discordance was in the group with
“intermediate awareness”, with improved classification ac-
curacy in the extremes [18]. This may suggest a move away
from a binary score to a more graduated 3-level score, similar
to the Pedersen-Bjergaard IAH measure [39] or the DAFNE
question [40]. Hei-Hansen and associates explored this further
with a cross-sectional questionnaire survey which showed
that the introduction of an intermediate group in awareness
classification, as offered by the Pedersen-Bjergaard question,
corresponded with a third risk profile of severe hypoglycaemia
distinct from the other two categories [41]. Of interest, Gold
and associates in their landmark paper categorised maintained
awareness as 1-2, with IAH 5-7, leaving room for a third
category [3, 4], deemed indeterminate [11]. Hypoglycaemia
Awareness Questionnaire (Hypo A-Q), developed on inter-
views with people living with diabetes and experiences of IAH
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and the only one so far based on FDA criteria, offers a more
nuanced question structure potentially allowing for a more ac-
curate categorisation [42]. A Hypo A-Q subscale cut-off score
of >12 indicates impaired awareness [23]. Additionally, even
for the purposes of a yes/no assessment, the cut-offs of >4 for
Gold or Clarke may not be correct, with Matus and associates
having found >5 as the optimal cut-off for Clarke in clamp-
induced hypoglycaemia [23], whilst, as previously mentioned,
a cut-off of >2.5 for Clarke-HAS has been reported effective
in pwT2D [15].

We acknowledge the limitations presented as a result of small
subgroup sizes when comparing proportion of SHEs at subsec-
tions (based on diabetes type, glucose monitoring modality, dif-
ferent IAH measure). For people assessed with intact awareness
by any measure, roughly 10% of them reported SHEs, which
agrees with rates recently presented in a narrative review about
IAH [10]. Those with IAH had a slightly higher rate of SHEs
in the year prior irrespective of which measure was used [10].
The reality is that we do not know why some people are iden-
tified with TAH with one questionnaire and not with the other.
These measures’ and their combinations’ predictive reliability
need to be explored in prospective databases in users of diabetes
technology.

5 | Conclusion

Gold and Clarke questionnaires, widely used to identify people
with TAH and risk of severe hypoglycaemia, classify different
people as having IAH in approximately 60% of cases. As such,
the use of each one in isolation may miss some people at risk
of severe hypoglycaemia. The heatmaps suggest that in people
with very good awareness or unawareness either measure suf-
fices; the real challenge is in reliably identifying people in the
middle of the spectrum. More detailed questionnaires, such as
Clarke or Hypo A-Q may prove more useful in this group. A belt
and braces approach may be to use both Gold and Clarke; alter-
natively, a trichotomous grading of awareness may offer a more
granular approach to quantifying risk of hypoglycaemia. While
these questionnaires do not measure adrenaline response, they
do identify those with reduced perception of hypoglycaemia,
and those who have increased SHE risk resulting from higher
hypoglycaemia frequency, despite widespread efforts to use
technology and metrics such as TBR to stratify risk; this work
highlights the need for updating these historical questionnaires
for the modern era.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Venn diagram matrix
demonstrating the overlap between Gold and Clarke in CGM vs. SMBG
users, in the entire cohort and diabetes subgroups. Figure S2: Venn dia-
gram matrix demonstrating the overlap between Gold and Clarke-HAS
in CGM vs. SMBG users, in the entire cohort and diabetes subgroups.
Table S1: Observed agreement and Cohen x between Gold/Clarke and
Gold/Clarke-HAS within the total sample (T1D +T2D, T1D, and T2D),
subsectioned by modality of glucose monitoring (CGM +SMBG, CGM,
and SMBG users). Table S2: Difference in the number and proportion
of participants with >1 severe hypoglycemic event (SHE) in the year
prior to the study within the total sample (T1D+ T2D, T1D, and T2D),
subsectioned by modality of glucose monitoring (CGM + SMBG, CGM,
and SMBG users), between those with Gold >5& Clarke <4 (Gold >5
only), Clarke > 5 & Gold <4 only (Clarke > 5 only), and Gold > 5 & Clarke
> 5 (Gold/Clarke overlap) combined; the same analysis was extended to
the redacted version of the Clarke survey (Clarke-HAS >2). Benjamini-
Hochberg (BH) correction has been applied for multiple comparisons.
If no individuals were identified in an overlapping section, statistical
analysis was not possible and results are presented as NA. Table S3:
Spearman's correlation coefficients between Gold and Clarke, and be-
tween Gold and Clarke-HAS.
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