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Abstract
Context: Impaired awareness of hypoglycemia (IAH) is characterized by the diminished ability to perceive symptoms of hypoglycemia. Gold and 
Clark questionnaires are commonly used to identify patients with IAH. The relationship between IAH status on questionnaires and a person’s 
symptom and epinephrine responses to hypoglycemia are not well understood.
Objective: We aimed to examine the relationship between hypoglycemia awareness status on Clarke and Gold questionnaires with both hor-
monal and symptomatic responses to experimental hypoglycemia.
Methods: In this university medical center study, we examined data from 78 subjects with type 1 diabetes (T1D) who completed both ques-
tionnaires and underwent a hyperinsulinemic hypoglycemic clamp (target glucose 50 mg/dL).
Results: Clarke and Gold scores were highly correlated with one another (r = 0.82) and each had a moderate negative relationship with epi-
nephrine (Clarke: r = -0.51, Gold: r = -0.50) and total symptom response (Clarke: r = −0.59, Gold: r = −0.57). However, 32% of the subjects were 
classified inconsistently by Clark vs Gold. A clustering analysis was done to examine how disagreement between the 2 questionnaires on IAH 
classification relates to epinephrine and symptoms responses during hypoglycemia. Subjects who had partial loss of symptoms or of epineph-
rine response were more likely to be classified inconsistently.
Conclusion: Our results show that IAH classification may be discordant between Clark and Gold questionnaires and that hypoglycemia aware-
ness status on Clarke and Gold questionnaires poorly predicts hormonal and symptomatic responses to hypoglycemia in subjects with T1D and 
moderate blunting of symptoms or epinephrine.
Key Words: Gold questionnaires, Clarke questionnaires, hypoglycemia, impaired awareness of hypoglycemia, type 1 diabetes, hypoglycemia unawareness
Abbreviations: HbA1c, glycated hemoglobin; IAH, impaired awareness of hypoglycemia; T1D, type 1 diabetes.

Iatrogenic hypoglycemia is a common and feared compli-
cation of treatment with insulin in patients with type 1 dia-
betes (T1D) [1, 2]. Such patients have beta cell failure and 
cannot attenuate serum insulin levels in the face of falling 
glucose, because of their reliance on exogenous insulin. In 
addition, they generally cannot mount a glucagon response 
in the setting of hypoglycemia and depend on the activa-
tion of the sympathetic nervous system and release of epi-
nephrine from the adrenal medulla to develop the warning 
symptoms of hypoglycemia. The typical symptoms of hypo-
glycemia include sweating, hunger, shakiness/tremulousness, 
heart pounding, and nervousness/anxiety [3]. Subjective 
recognition of these warning symptoms is key for recogni-
tion of hypoglycemia so that the person can take corrective 
actions to prevent severe hypoglycemia [4]. Recognition of 
the onset of these symptoms constitutes awareness of hypo-
glycemia [4, 5].

Patients with diabetes who experience repeated episodes of 
iatrogenic hypoglycemia can develop impaired awareness of 
hypoglycemia (IAH) [6, 7]. IAH is an acquired complication 
of diabetes treatment in which patients can experience a par-
tial or complete loss of ability to perceive typical symptoms 
associated with low blood glucose [7, 8]. IAH is associated 
with a reduction in hypoglycemia-induced epinephrine re-
sponse and a reduction of the glucose threshold that is re-
quired to generate this response [9]. The prevalence of IAH 
has been reported to be around 25% in patients with T1D 
and 10% in people with advanced type 2 diabetes [10] and is 
associated with a six-fold greater frequency of severe hypo-
glycemia [11].

Accurate identification of presence of IAH in people with 
diabetes is critical in both the clinical and research settings. 
In the clinical setting, it identifies people at increased risk 
of severe hypoglycemia, in whom modification of glycemic 
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targets and therapy may be needed to minimize risk of fu-
ture hypoglycemia. Accurate classification of hypoglycemia 
awareness status in patients with diabetes is also critical in 
the research setting, particularly in the studies examining 
the pathophysiology or treatment of IAH. Standard practice 
has relied on questionnaires to determine the hypoglycemia 
awareness status of a patient with diabetes. The 2 most com-
monly used instruments are the Clarke and Gold question-
naires. The Clarke questionnaire is composed of 8 questions 
that examine the glycemic threshold at which subjects de-
velop symptoms of hypoglycemia and also characterizes the 
subject’s exposure to episodes of moderate and severe hypo-
glycemia [8]. The Gold scoring method is based on the re-
sponse to a single question, “Do you know when your hypos 
are commencing?” with responses expressed in a Likert scale 
[11]. Despite differences between the structure and scoring of 
these 2 questionnaires, strong association has been previously 
shown between these 2 measures [4]. A previous study, which 
included 19 subjects with T1D, found that classification of 
IAH based on the Clarke method agreed reasonably well 
with classification of IAH based on the absence of adrenergic 
symptoms at a blood glucose level of 54 mg/dL during experi-
mental hypoglycemia [12]. However, none of the currently 
available methods is considered to be fully reliable to iden-
tify IAH [4]. Previous studies that have assessed these ques-
tionnaires for identifying IAH did not include examination of 
counterregulatory hormone responses to hypoglycemia.

In this study, we sought to determine the concordance be-
tween the Gold and Clarke methods of categorizing hypogly-
cemia awareness status in subjects with T1D who completed 
the questionnaires before participating in a hypoglycemic 
clamp study where symptoms and epinephrine responses to 
hypoglycemia were measured. We also aimed to assess the 
magnitude of symptom and epinephrine response to hypo-
glycemia in these subjects with the goal of identifying which 
of the survey instruments performed best in identifying those 
subjects with blunted symptom and epinephrine responses. 
This is the first study to our knowledge to correlate Gold 
and Clarke scores with both hormonal and symptomatic re-
sponses to experimental hypoglycemia.

Methods
Participants
Subjects were drawn from 2 separate studies conducted be-
tween 2015 and 2020 to examine brain responses to experi-
mental hypoglycemia in subjects with T1D. Inclusion criteria 
for these studies were the presence of T1D (defined on clin-
ical grounds). Exclusion criteria were presence of prolifera-
tive retinopathy, comorbid neurological or severe psychiatric 
diseases, magnetic resonance imaging (MRI) contraindica-
tions, and significant vascular or space-occupying lesions on 
MRI scans.

The investigation was approved by University of Minnesota 
Institutional Review Board: Human Subjects Committee. All 
procedures performed were in accordance with the 1975 
Declaration of Helsinki and its later amendments. The study 
protocol designated that subjects should complete both the 
Clarke and Gold questionnaires on the study day to ascertain 
their awareness status. The Clarke questionnaire is comprised 
of 8 questions [8] where each question’s response corresponds 
to “aware” (value 0) or “unaware” (value 1); scores are then 

summed. Scores of 0-2 are categorized as “aware”, 4-7 as 
“unaware”, and 3 as “indeterminant”. The Gold question-
naire has only 1 question: “Do you know when your hypo-
glycemic episodes are commencing?” [11] and is scored on a 
7-point Likert scale. Scores of 1-2 are categorized as “Aware”, 
4-7 as “unaware”, and 3 as “indeterminant”. Starting from a 
cohort of 89 subjects enrolled during 2015 to 2020, we iden-
tified 78 participants who completed both Clarke and Gold 
questionnaires and had data for epinephrine or symptom re-
sponse to hypoglycemia. Eleven participants participated in 
both studies; their study dates were separated on average by 
7 months (range, 1-11 months) and both of their data sets 
were included in the analysis.

Hormonal and Symptomatic Responses During 
Hypoglycemia Clamp
On the morning of the study, subjects arrived at the research 
center after an overnight fast. After completing the Clarke 
and Gold questionnaires, they underwent a hyperinsulinemic 
(2 mU/kg/min) hypoglycemic clamp where glucose was al-
lowed to drop and maintained at the hypoglycemic target 
of 50 mg/dL for approximately 30 minutes. Blood samples 
for epinephrine were collected at baseline and every 10 min-
utes during hypoglycemia. Samples for epinephrine were sent 
to the Vanderbilt Diabetes Research and Training Center 
core laboratory for analysis. Plasma epinephrine was meas-
ured by high-performance liquid chromatography (Dionex, 
Sunnyvale, CA, USA; formerly ESA). The epinephrine re-
sponse during hypoglycemia was calculated by taking the 
difference between the average of the 3 values during hypo-
glycemia and the average of the 2 baseline values.

Symptoms of hypoglycemia were quantified by using a pre-
viously validated questionnaire [13] at baseline and during 
hypoglycemia at the end of the insulin clamp. Subjects were 
asked to score from 0 (none) to 6 (severe) for each of 12 symp-
toms (total symptoms), including 6 adrenergic (autonomic) 
symptoms (heart pounding, shaky/tremulous, nervous/anx-
ious, sweaty, hungry, tingling) and 6 neuroglycopenic symp-
toms (difficulty thinking, tired/drowsy, weak, warm, faint, 
dizzy). The symptomatic response was calculated as the 
difference between the responses during hypoglycemia and 
baseline. Seventy-six out of 78 participants had epinephrine 
response data; 77 out of 78 participants had symptom re-
sponse data.

Statistical Methods
Agreement analysis
Demographic and clinical factors were summarized descrip-
tively for all participants. Using the data from the 78 partici-
pants who completed both questionnaires, agreement between 
the Clarke and Gold awareness statuses was calculated using 
linear weighted Cohen’s Kappa statistic [14] and 95% CI to 
measure the inter-questionnaire agreement. Scatterplots were 
used to illustrate the relationship between the Clarke and 
Gold scores, as well as the relationship between the epineph-
rine and total symptom responses and the Clarke and Gold 
scores. Spearman correlation coefficients were calculated to 
measure the strength of these relationships.

Clustering analysis
To determine if the relationship between the epinephrine and 
adrenergic or total symptom responses cluster in certain types 
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of patterns, a clustering analysis was performed in partici-
pants who had complete epinephrine and symptom responses 
using the “mclust” package (version 5.4.3) in R [15]. The ana-
lysis is based on finite normal mixture modeling and clusters 
were selected according to the Bayesian Information Criteria. 
The clusters are displayed in a scatterplot, along with each 
person’s questionnaire classifications to explore how aware-
ness status relates to the joint epinephrine and adrenergic or 
total symptom responses.

Repeated measures analysis
To determine the intraindividual variability of the cluster 
analysis, using data of the 11 participants who were studied 
twice, we compared the assignments made at each visit for 
the 9 of them who provided full datasets. To determine the 
interindividual variability of the cluster analysis we ran-
domly selected 9 sets of 2 non-repeat subjects to determine 
what proportion had the same cluster, and then repeated this 
process 1000 times to define the mean and 95% CI of these 
values. We also compared the variability (SD) of epinephrine 
level, total symptoms response, and Clarke and Gold ques-
tionnaires scores among the 9 subjects with repeat visits and 
complete datasets to the variability in 1000 replicated aver-
ages of 9 sets of 2 random non-repeat subjects.

P values less than 0.05 were considered statistically signifi-
cant. All analyses were performed in R (R Core Team, Version 
3.6).

Results
Demographic and clinical characteristics of the study parti-
cipants are shown in Table 1. Fifty-six percent of the par-
ticipants were female; the group had a long duration of 
diabetes (mean diabetes duration 20  years) and a mean 
glycated hemoglobin (HbA1c) of 7.4% (Table 1). There was 
a strong relationship between the Clarke and Gold scores, 
with a Spearman correlation coefficient of 0.82 [95% CI: 
(0.74, 0.88), P ≤ 0.001] (Fig. 1). Among the participants who 
completed both questionnaires, 32% were classified incon-
sistently by the questionnaires. The agreement table of classi-
fication as determined by Clarke and Gold is shown in Table 
2. Misclassification was defined as the percent of classifica-
tions that did not agree. Cohen’s Kappa was calculated to be 
0.63, which can be considered a moderate measure of inter-
instrument reliability. The Clarke questionnaire was more 
likely to consider a patient aware and less likely to consider a 
patient unaware than the Gold questionnaire.

Both questionnaires had moderately strong negative re-
lationships to the epinephrine response (Clarke: r = −0.51, 
Gold: r = −0.50, P ≤ 0.001) and total symptom response to 
hypoglycemia (Clarke: r = −0.59, Gold: r = −0.57, P ≤ 0.001; 
Fig. 2). A clustering analysis was done to examine patterns 
of epinephrine and adrenergic symptom responses, and 
how those responses relate to the questionnaire classifica-
tions. Participants who had both epinephrine and symptom 
responses were included in the cluster analysis (n = 75). 
According to the clustering algorithm, there were 3 general 
types of epinephrine and adrenergic symptomatic response 
patterns: 1) high epinephrine and high symptom responses; 
2) low epinephrine and moderate-to-high symptom responses; 
and 3) low epinephrine and low symptom responses (Fig. 3). 
In general, those in cluster 1 were mostly aware on both ques-
tionnaires and those in cluster 3 were mostly unaware cluster 

2 contained a mix of awareness statuses. In general, parti-
cipants who had at least 1 aware status (Clarke or Gold or 
both) tended to have a larger epinephrine and/or adrenergic 

Table 1. Demographic and clinical characteristics of the 78 participants 
present in the study sample

 All participants  
N = 78

Characteristic Mean (SD) min - max 

or N (%)

Sex

 Female 44 (56.4%)  

 Male 34 (43.6%)  

Age (years) 36.7 (12.7) 18 - 67

Years of diabetes 20.1 (11.3) 1.6 - 46.4

BMI (kg/m2) 26.1 (4.6) 17.6 - 42.7

HbA1c 7.4 (1.2) 5.4 - 13.6

Clarke Awareness

 Aware 35 (44.9%)  

 Indeterminant 17 (21.8%)  

 Unaware 26 (33.3%)  

Gold Awareness

 Aware 25 (32.1%)  

 Indeterminant 19 (24.4%)  

 Unaware 34 (43.6%)  

Epinephrine responsea (ng/dL)  
 (N = 76)

243.1 (206.7) 23.5 - 911.2

Symptom responseb  
 (N = 77)

19.3 (13.5) −3.0 - 46.0

aThe epinephrine response during hypoglycemia was calculated by taking 
the difference between the average of the 3 values during hypoglycemia 
and the average of the 2 baseline values.
bThe symptom response was calculated as the difference between the 
responses during hypoglycemia and baseline.

Figure 1. The relationship between the total Clarke and Gold 
questionnaire scores for each participant. Scores of 0-2 are categorized as 
“aware” and 4-7 as “unaware” on Clark and scores of 1-2 are categorized 
as “Aware” and 4-7 as “unaware” on the Gold questionnaire. Shaded area 
in the figure represents score of 3 which is classified as “indeterminate” 
by both the Clark and Gold questionnaires. Data points were jittered for 
visibility. The Spearman correlation coefficient was calculated.
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Table 2. The agreement table of the Clarke and Gold questionnaire awareness status (N = 78)

 Clarke questionnaire

Aware Indeterminant Unaware Total 

Gold questionnaire Aware 23  
 (92.0%/ 65.7%)

2  
(8.0%/11.8%)

0  
(0%/ 0%)

25

Indeterminant 9  
 (47.4%/ 25.7%)

7  
(36.8%/ 41.2%)

3 (15.8%/ 11.5%) 19

Unaware 3  
(8.8%/ 8.6%)

8  
(23.5 %/ 47.1%)

23  
 (67.6%/ 88.5%)

34

Total 35 17 26 78

The first % represents the row percentage, i.e., the percent of each Clarke status among that Gold status. The second % represents the column percentage, 
i.e., the percent of each Gold status among that Clarke awareness status. These 2 measures have a linear weighted Kappa statistic of 0.63 (0.31, 0.95).

Figure 2. The epinephrine (top row) and the total symptom score (bottom row) response to hypoglycemia were compared to both the Clarke (left 
column) and the Gold (right column) scores. Boxplots to display the distribution of each measure are located at the margins of each graph. The light 
gray points represent the “indeterminant” scores, whereas the black points represent either aware or unaware values. Spearman correlations were 
calculated for each of the 4 scatterplots.
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symptomatic response within the cluster. Similarly, those with 
at least 1 unaware status tended to be located on the lower 
end of the epinephrine and/or symptomatic response scale. 
However, given the range of the responses, and the discordant 
awareness classifications, a distinct pattern is difficult to dis-
cern for cluster 2. Subjects in cluster 3 were older and had 
longer duration of diabetes, whereas there was no significant 
difference in gender, body mass index, or glycemic control 
among the 3 clusters (Table 3). A clustering analysis was also 
done with using total symptom score, which showed a similar 
pattern as seen with adrenergic symptoms (supplemental 
Figure 1 and supplemental Table 1) [16].

Eleven participants in this cohort participated in 2 study 
visits separated on average by 7 months (range, 1-11 months). 
Nine participants in this group provided cluster information 
for both visits and 7 (77.8%) remained in the same cluster 
for both visits. There was no significant change in HbA1c 
in these subjects between the 2 visits [mean difference (SD) 
−0.0% (0.4)]. Among the non-repeat participants, there was, 
on average, a 59% (95% CI: 49%-70%) chance that any 2 
random participants would have the same cluster. Analysis 
of the differences in the variability (SD) (in the 11 with re-
peat sample vs the 11 sets of non-repeats) of epinephrine level 
(89.4 vs 283.6), symptoms response (9.2 vs 19.2), Clarke (1.5 
vs 2.7) and Gold questionnaires scores (0.8 vs 2.3) again dem-
onstrated lower intra- vs interindividual variability.

Discussion
There are 2 different ways of measuring the association be-
tween the responses on the Gold questionnaire and the re-
sponses on the Clarke questionnaire: 1) correlation between 
the total numeric versions of the questionnaire responses; 
and 2) concordance between the scores when classified into 1 
of 3 awareness statuses. While correlation between the total 

numeric scores of the responses to Gold and to Clarke were 
strong (Fig. 1), as has been shown previously by others [4, 
17], the concordance between the scores when classified into 
the 3 awareness statuses was not as good (Table 2). We in-
terpret this to mean that the use of Clarke and Gold ques-
tionnaires, which rely on a person’s previous experience with 
hypoglycemia, must be done with caution because they may 
poorly predict how the person will respond to an episode of 
hypoglycemia in the future.

Despite the strong correlation found between the raw nu-
meric Clarke and Gold survey responses, we did find discrep-
ancies between the status assigned by each questionnaire, 
particularly in those participants assigned to the indeter-
minate status. Forty-one percent of the individuals categor-
ized as indeterminant by the Clarke questionnaire were 
identified as being unaware on the Gold survey, and less than 
37% found to be indeterminant on the Gold were classified 
as such on the Clarke. Among the participants who com-
pleted both questionnaires, 32% were classified differently by 
the 2 instruments (Table 2). Participants were more likely to 
be classified as “unaware” on the Gold compared with the 
Clarke questionnaire. In a previous study of children older 
than 9 years of age, prevalence of IAH was higher when clas-
sified using Gold as compared to Clarke questionnaire, but 
the Clarke was noted to be superior in predicting risk of clin-
ically significant hypoglycemia [18]. In other studies, in adults 
with T1D, the prevalence of IAH was comparable when clas-
sified by Gold or Clarke methods [4, 19]. This discrepancy in 
the strength of the association between the numeric versions 
of the 2 questionnaires and the association when classified 
into awareness status shows that the type of response data 
(numeric vs. categorical), as well as the thresholds used to 
classify awareness status both matter. Perhaps this also means 
that if classification of awareness status is to be done using a 
survey instrument, it would be better to use both the Clarke 

Figure 3. The relationship between the epinephrine and adrenergic (autonomic) symptom response to hypoglycemia is graphed (N = 75), along 
with the 3 response type clusters by color (cluster 1, Blue; cluster 2, Red; cluster 3, Green). The letters corresponding to each data point show the 
awareness status (A = aware, I = indeterminant, U = unaware) for both the Clarke (first letter) and Gold (second letter) scores. Solid points represent 
concordant classification between Clarke and Gold, whereas the transparent triangles represent discordant classifications.
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and Gold instruments and assign a category only when both 
surveys are in agreement.

We observed moderate, negative relationships (Fig. 2) be-
tween scores on both questionnaires and the epinephrine 
response measured during hypoglycemia. Among the pa-
tients classified as unaware (Clarke/Gold score > 4), most 
show a reduced epinephrine response. However, among 
the patients classified as aware (Clarke/Gold < 2) there is 
a wide range of epinephrine responses, especially for aware 
classification based on Clarke questionnaire. Some partici-
pants found to be aware on the Clarke instrument were 
found to have hypoglycemia-induced epinephrine responses 
that are as low as those seen in participants categorized as 
unaware. We found a similar relationship between scores 
on the questionnaires and total symptom responses during 
hypoglycemia (Fig. 2). As would be expected, patients clas-
sified as unaware had lower hypoglycemia symptoms score 
responses than the aware patients (Fig. 2) but there were 
unaware participants who had symptoms scores equal to 
participants who had been categorized as aware by the 
survey instruments. These data show that hypoglycemia 
awareness status on Clarke and Gold questionnaires may 
poorly predict epinephrine and symptomatic responses to 
hypoglycemia in T1D.

We further did a cluster analysis to examine how disagree-
ment between the Clarke and Gold methods on IAH clas-
sification relate to epinephrine and adrenergic symptoms 
responses during hypoglycemia. The participants were clus-
tered according to their epinephrine and adrenergic symptom 
responses. The clustering analysis showed 3 general types of 
epinephrine and symptomatic response patterns: 1) high epi-
nephrine and high symptom responses; 2)  low epinephrine 
and moderate-to-high symptom responses; and 3)  low epi-
nephrine and low symptom responses (Fig. 3). One would ex-
pect “aware” participants to have both larger symptom and 
hormonal responses than the “unaware” participants. This is 
generally what we observe when we compare clusters 1 and 
3. Participants in cluster 1 were mostly classified as aware on 
both the Clarke and Gold questionnaire. By contrast, cluster 
3 includes those mostly categorized as unaware. Participants 

in cluster 3 were more likely to be older and have longer dur-
ation of diabetes (Table 3). This is not surprising, as both 
increasing age and longer duration of diabetes are associated 
with increased risk of IAH [10]. Cluster 2 includes partici-
pants with more mixed epinephrine and symptom responses. 
Participants in this cluster have partial loss of symptoms or 
epinephrine response and are more likely to be classified dif-
ferently by the 2 questionnaires. This analysis highlights, not 
surprisingly, that these questionnaires are more accurate in 
classifying awareness status when participants are at the more 
extreme ends of the IAH spectrum with either intact or total 
loss of symptoms and epinephrine responses.

The observation that human subjects can have 
hypoglycemia-induced symptoms in the absence of a robust 
epinephrine response raises the question: what is causing the 
symptoms associated with hypoglycemia? This uncoupling of 
hypoglycemia-induced epinephrine and symptom responses 
has previously been reported to occur in patients with type 
1 diabetes [20-22]; and in adrenalectomized subjects without 
diabetes [23]. A recent study by Nwokolo [24] suggests that 
different brain regions might be responsible for the regula-
tion of different parts of the counterregulatory response. In 
their investigation, they used an educational intervention to 
restore awareness of hypoglycemia in patients with T1D and 
hypoglycemia unawareness and found that symptom restor-
ation was not associated with restoration of hypoglycemia-
induced epinephrine section. They also found that following 
the intervention, there was a greater increase in blood flow to 
the anterior cingulate cortex during hypoglycemia, without 
a blood flow change noted in other brain regions [24]. These 
investigators interpret their results to mean that the an-
terior cingulate may be particularly important in the regu-
lation of hypoglycemia-associated symptoms but not in the 
regulation of the hormonal counterregulatory response; an 
interpretation that suggests that different brain regions are 
responsible for the regulation of different components of the 
counterregulatory response. In the present investigation, we 
did not consider regional blood flow so cannot comment on 
whether anterior cingulate cortex blood flow was greater 
during hypoglycemia in those participants who had high 

Table 3. Demographic and clinical characteristics of participants with complete data by cluster assigned by the clustering algorithm

 Cluster 1 (N = 17) Cluster 2 (N = 38) Cluster 3 (N = 20) Total (N = 75) P value 

Sex     0.375

 Female 7 (41.2%) 23 (60.5%) 12 (60%) 42 (56%)  

 Male 10 (58.8%) 15 (39.5%) 8 (40%) 33 (44%)  

Age (years)     <0.001

 Mean (SD) 35.4 (13.5) 31.7 (10.2) 46.6 (11.6) 36.5 (12.9)  

 Range 18- 64 19 - 60 25 - 67 18.0 - 67.0  

Years of diabetes     <0.001

 Mean (SD) 15.5 (11.1) 17.8 (9.5) 28.8 (10.6) 20.3 (11.4)  

 Range 3.5 - 42.7 4.2 - 41.8 13.6 - 46.4 3.5 - 46.4  

BMI (kg/m2)     0.837

 Mean (SD) 25.9 (4.9) 25.8 (4.2) 26.6 (5.3) 26.0 (4.7)  

 Range 20.3 - 36.1 17.6 - 38.8 19.2 - 42.7 17.6 - 42.7  

HbA1c     0.774

 Mean (SD) 7.3 (1.3) 7.5 (1.4) 7.3 (1.0) 7.4 (1.2)  

 Range 5.5 - 11.4 6.0 -13.6 5.4 - 9.5 5.4 - 13.6  
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symptoms but low epinephrine responses but plan to pursue 
this question in the future.

Despite these identified challenges with using the ques-
tionnaires to assign hypoglycemia awareness status to pa-
tients with T1D, we did find that this assignment tends to 
remain same over at least a 6-month period. We found that 
the intraindividual variability of the measures over time was 
less than the interindividual variability imposed by chance. 
Therefore, we can generally assume that patients with T1D 
who have IAH assigned by questionnaires administered twice 
over 6 months will have reduced epinephrine and symptoms 
responses during future episodes of hypoglycemia and that 
participants similarly assigned as aware will have robust re-
sponses during future hypoglycemia. Perhaps this means that 
participants should only be categorized as aware or unaware 
after they have shown a consistent response to both ques-
tionnaires over a 6-month period. This will put a burden on 
the research community but may provide confidence that the 
results from studies examining the pathogenesis and/or treat-
ment of IAH using such a classification approach are relevant 
to the clinical situation.

Strengths of our study include the rigorous application of a 
protocol to assess the symptomatic and hormonal responses 
to hypoglycemia and a detailed statistical analysis to under-
stand the relationship between the hypoglycemia awareness 
status identified by the Clarke and Gold instruments and the 
response of study participants to experimental hypoglycemia. 
Limitations include a relatively small sample size that could 
impact the reliability of our conclusions. Another limitation 
is the potential translatability of data obtained during ex-
perimental hypoglycemia clamps to patients’ experiences of 
hypoglycemia in their daily lives.

In conclusion, our findings highlight that IAH can be dif-
ficult to classify. Despite the strong correlation between the 
scores of the Clarke and Gold instruments, we observe that 
there are considerable differences in how these questionnaires 
assign hypoglycemia awareness status. Our results also show 
that hypoglycemia awareness status on Clarke and Gold 
questionnaires may poorly predict hormonal and symptom-
atic responses to hypoglycemia in T1D. For clinical and re-
search use, if classification of hypoglycemia awareness status 
is to be done using these survey instruments, using a combin-
ation of both questionnaires can provide more confidence in 
the awareness status classification.
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