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A Psychoeducational Program to
Restore Hypoglycemia Awareness:
The DAFNE-HART Pilot Study
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OBJECTIVE

To develop and pilot a novel intervention addressing motivational and cognitive
barriers to avoiding hypoglycemia in people with type 1 diabetes and persistent
impaired awareness of hypoglycemia (IAH) despite training in ﬂexible insulin
therapy.
RESEARCH DESIGN AND METHODS

A 6-week intervention using motivational interviewing and cognitive behavioral
techniques was designed. Diabetes educators were trained and supported in its
delivery to 23 people with IAH (Gold score ‡4).
RESULTS

CONCLUSIONS
1

A pilot intervention targeting motivation and cognitions around hypoglycemia
engaged patients with resistant IAH and recurrent SH and was associated with
signiﬁcant improvement, supporting the hypothesis that these factors underpin
problematic hypoglycemia.
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Hypoglycemia and fear of hypoglycemia remain major barriers to achieving optimal
glucose control and quality of life for people with type 1 diabetes. Structured
education in ﬂexible insulin therapy (e.g., the U.K.’s Dose Adjustment for Normal
Eating [DAFNE]) and/or use of insulin pump therapy reduces severe hypoglycemia
(SH) (1), but some continue to experience impaired awareness of hypoglycemia
(IAH) with high rates of SH, their problematic hypoglycemia resistant to
intervention. We hypothesized that many such people have motivational and
cognitive barriers to hypoglycemia avoidance and resolution of IAH. We designed
and piloted an intervention using motivational interviewing and cognitive
behavioral theory targeting these barriers.
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NOVEL COMMUNICATIONS IN DIABETES

Twelve months postcourse, hypoglycemia awareness had improved (P < 0.001).
Median (range) rates of severe hypoglycemia (SH) fell from 3 (0–104) to 0 (0–3) per
person per year (P < 0.0001) and moderate from 14 (0–100) to 0 (0–18) per person
per 6 weeks (P < 0.001). Worry and behavior around hyperglycemia improved.
HbA1c was unchanged.
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RESEARCH DESIGN AND METHODS

An intervention, teaching aids,
curriculum, and manual (DAFNEHypoglycemia Awareness Restoration
Training [DAFNE-HART]) were designed
by a clinical psychologist, doctors,
educators, and patient representatives.
It revised relevant sections from DAFNE
and interventions targeting problematic
hypoglycemia (2,3). Participants were
taught to look for hypoglycemia cues
and consider their own causes and
consequences of IAH and how to reduce
hypoglycemia exposure. The
educational material was presented
within a motivational interviewing
framework to support behavior change
and minimize resistance. Cognitive
behavioral techniques were used to
identify and restructure unhelpful
thoughts such as needing to “soldier on”
through episodes, underestimating the
consequences of hypoglycemia, and
worrying excessively about intermittent
hyperglycemia. In three weekly full-day
group sessions, theories about
hypoglycemia and awareness were
reviewed, the concept of a “body scan”
(a structured guide to ﬁnd subjective
cues to blood glucose concentration)
was taught, insulin action was revised,
and theories linking thoughts with
behavior were explored, supporting
patients to recognize and challenge
their own cognitions around
hypoglycemia. “Homework” used home
glucose monitoring to test the learning
and, during weeks 4 and 5, try newly
learned skills/strategies, with scheduled
individual face-to-face and telephone
support. A ﬁnal full-day group session
focused on relapse prevention.
Twenty-four people (12 male) with type
1 diabetes, using DAFNE principles for
insulin self-adjustment, with persistent
IAH assessed clinically and scoring $4
on the Gold score, in which patients
rate their awareness of hypoglycemia
from 1 (“I am always aware of my
hypoglycemia”) to 7 (“I am never aware
of my hypoglycemia”) (4), were
recruited. Hypoglycemia experience,
including self-report of SH
(hypoglycemia [,63 mg/dL/3.5 mmol/L]
that could not be self-treated,
requiring assistance), over the
preceding 12 months and moderate
hypoglycemia (,63 mg/dL/3.5 mmol/L,

Diabetes Care Volume 37, March 2014

self-treated but disrupting daily activity)
over the last 6 weeks, hypoglycemia
awareness and burden (Gold, Clarke,
and Ryan scores) (4–6), and mood and
self-care behaviors around glucose
control were documented by
questionnaires, including the Hospital
Anxiety and Depression Scale (HADS)
(7), the Problem Areas In Diabetes
(PAID) Questionnaire (8), the
Hypoglycemia Fear Survey II (9), and the
Hyperglycemia Avoidance Score
(courtesy of L. Gonder-Frederick,
University of Virginia, Charlottesville,
VA), and glycated hemoglobin (HbA1c)
was measured. At baseline and 3
months postcourse, up to 6 days
continuous glucose monitoring (CGM)
(Medtronic, Inc.) was performed.
Participants were reassessed 12 months
postcourse.
Five DAFNE educators (specialist nurses
and dietitians) were trained in the
curriculum and relevant psychological
skills in a 2-day workshop. They
delivered four courses with weekly
supervision (face-to-face, telephone,
and e-mail) from a clinical psychologist.
The protocol was approved by the
National Research Ethics Committee
London. King’s College Hospital NHS
Foundation Trust sponsored the
protocol. Participants provided written
informed consent. Data were compared
using Student t, Wilcoxon signed rank
(nonparametric variables), and x2 or
related samples McNemar (categorical
variables or when including episodes of
no incidence) tests, using IBM SSPS
version 4. Hypoglycemia in valid CGM
data was deﬁned as ,3 mmol/L for
$20 min. P , 0.05 was considered
signiﬁcant.
RESULTS

All participants completed courses. One
missed follow-up and two returned only
SH and HbA1c data at 12 months. Mean
(6SD) age for the 23 completers was
54.4 6 7.9 years; diabetes duration
30.7 6 11.9 years; time since DAFNE
7.1 6 4.1 years. Fifteen were using
twice-daily background and premeal
quick-acting insulin injections, and eight
were using insulin pumps. None had
renal impairment, hypoadrenalism,
hypothyroidism, or growth hormone
deﬁciency. All described themselves as

having “impaired awareness,” not
experiencing symptoms with a blood
glucose ,54 mg/dL (3 mmol/L) when
awake. Their SH in the year before,
deﬁned above, included 14 participants
reporting unconsciousness (0–30/
participant, median 1), 3 attending
emergency departments (one 24 times),
and 3 admissions. Nineteen people
answering the question reported an
additional six ambulance call-outs.
Twelve months postcourse, rates of
severe and moderate hypoglycemia fell
(Table 1). Seventeen participants
reported no further SH (P , 0.0001).
Measures of awareness improved (Table
1), with 9 of 20 regaining awareness
with Gold and/or Clarke scores ,4 (P ,
0.04 vs. baseline for either) and 8 of 20
reporting no episodes of hypoglycemia
(,54 mg/dL) without symptoms vs.
none precourse (Table 1). Behavior
scores around hyperglycemia avoidance
improved and worry scores about
hyperglycemia reduced signiﬁcantly.
Worries around hypoglycemia tended
to reduce. PAID scores improved. HbA1c
did not deteriorate.
At 3 months postcourse, the duration of
daytime hypoglycemia on CGM fell and
hypoglycemia burden (Ryan score) fell
from equivalent to people registering
for islet transplantation toward that of
routine clinic populations (6).
CONCLUSIONS

The main defense against hypoglycemia
during insulin treatment of type 1
diabetes is subjective awareness of a
falling blood glucose, impaired
awareness being associated with a
sixfold increase in SH (10). Awareness
can be improved by hypoglycemia
avoidance (e.g., 11). Retraining patients
in insulin self-adjustment (1), training in
hypoglycemia recognition and
avoidance, as provided by Blood
Glucose Awareness Training (BGAT) and
Hypoglycemia Anticipation, Awareness
and Treatment Training (HAATT) (2,3),
and insulin pump therapy (12) all reduce
SH. DAFNE restores awareness to 43%
of people with IAH (1). Continuous
glucose sensing reduces SH without
restoring awareness (13). A group of
people remain resistant to interventions to restore hypoglycemia awareness and continue to experience SH.
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Table 1—Pre- and postcourse demographic and biomedical data and anxiety, depression, and behavioral scores
Baseline

12 months

n with
paired data

P value

7.8 6 1.2

7.8 6 1.1

23

0.80

HbA1c (mmol/mol)

62.0 6 13.3

61.8 6 11.7

23

0.861

SH, events per patient per year,
median (range)

3.0 (0–104)

0 (0–3)

Moderate hypoglycemia per patient per 6 weeks,
median (range)

14 (0–100)

1 (0–18)

21

,0.0011

5.6 6 1.4

4.5 6 1.9

20

,0.0292

5.4 6 1.2

3.8 6 1.8

20

,0.0012

5.9 6 5.0

6.1 6 5.7

21

0.82

5.2 6 4.6

5.1 6 4.7

21

0.87

30.7 6 22.6

24.7 6 20.5

21

0.006

HbA1c (%)

Gold score

4

Clarke score

5

HADS, anxiety

6

HADS, depression7
PAID8

,0.00011

2.7 6 0.7

2.3 6 1.0

21

0.39

Adult low blood glucose score (worry)1,10
Hyperglycemia avoidance score (behavior)11

2.7 6 0.9
2.51 6 0.54

2.5 6 1.0
2.26 6 0.52

21
21

0.1
0.037

Hyperglycemia avoidance score (worry)12

2.78 6 0.80

2.31 6 0.92

21

0.004

Baseline

3 months

Ryan score13
CGM mean duration episodes ,3 mmol/L, day14

948 6 831
83 6 59

372 6 466
32 6 43

20
17

,0.0013
0.0012

CGM mean duration ,3 mmol/L, min, night14

76 6 106

123 6 159

17

0.302

Adult low blood glucose score (behavior)9

1
Wilcoxon signed rank test. 2Related samples McNemar test. 3x2 test. 4Range 1 (always aware) to 7 (never aware). Score $4 indicates impaired
awareness (4). 5Score $4 indicates impaired awareness (5). 6Score .8 indicates clinically relevant psychological distress (7). 7Score .8 indicates
clinically relevant psychological distress (7). 8PAID score $40 indicates clinically relevant psychological distress (8). 9Behavior subscore, mean 6 SD
in adult European population with type 1 diabetes: 0.98 6 0.67 (from Hypoglycemia Fear Survey II, Adult Scoring Manual for adult versions, courtesy
of L. Gonder-Frederick; also see reference 9). 10Worry subscale, mean 6 SD in adult European population with type 1 diabetes = 1.22 6 0.84 (from
Hypoglycemia Fear Survey II, Adult Scoring Manual for adult versions, courtesy of L. Gonder-Frederick; also see reference 9). 11Behavior subscale,
mean 6 SD from 500 U.S. adult patients with type 1 diabetes = 1.95 6 1.04, data from L. Gonder-Frederick. 12Worry subscale, mean 6 SD from 500
U.S. adults with type 1 diabetes = 1.48 6 1.06, data from L. Gonder-Frederick. 13Ryan score, hypoglycemia burden ,423 considered to indicate
hypoglycemia not a major clinical concern. Median score in patients with unawareness 850 (25th to 75th interquartile range [IQR] 485–1,228) and in
those with awareness 91 (25th to 75th IQR 23–203). Score in patients presenting for islet transplantation 722 (25th to 75th IQR 432–1,980) (6).
14
CGM: day, 6:00 A.M. to midnight; night, midnight to 6:00 A.M.

We hypothesized that these patients
have cognitive and motivational barriers
to hypoglycemia avoidance, based on
neuroimaging showing different activation in reward pathways during hypoglycemia in people with IAH, qualitative
research describing patient beliefs about
hypoglycemia awareness, and clinical
audit (14–16). Although we cannot attribute outcomes to particular elements of
the intervention from this uncontrolled
pilot, the preliminary evidence of reduced
hypoglycemia and increased awareness
suggests that addressing beliefs and motivation is very relevant to this population.
The novelty of our intervention lies in
the following: ﬁrst, in training diabetes
educators in motivational interviewing
to address resistance around behavior
change that might have occurred and
did occur; second, in providing
educators with basic cognitive
behavioral therapy skills to provide
patients with an explicit model of how

thoughts can inﬂuence behavior; and
third, in offering accessible visual
metaphors (e.g., the ostrich burying its
head in the sand for underestimation of
the impact of hypoglycemia) by which
patients could identify their own
“thinking traps” and explore
alternatives. Although additional
technologies addressing hypoglycemia,
such as pumps, sensors, and islet
transplantation, were available at our
centers, few of our patients had
accessed them; some were more open
to these after DAFNE-HART. This,
together with the evidence of behavior
change described above, suggests that
people may be more ready to use
additional technologies to address
problematic hypoglycemia if
motivational factors to regain
awareness are addressed.
These data are from a pilot: small patient
numbers and not controlled for the impact
of the educational element alone. The

early evidence of success supports a key
role for cognitive barriers in apparently
intractable IAH. The intervention now
requires reﬁnement, based on participant
(patients and educators) experiences, and
testing in a randomized, controlled trial. It
has potential to be delivered at scale by
existing diabetes educators, trained and
supported by clinical psychologists, rather
than requiring referral to a new cadre of
diabetes-experienced psychologists.
Meanwhile, we conclude that motivational
and cognitive barriers to hypoglycemia
avoidance in people with signiﬁcantly
impaired hypoglycemia awareness are
legitimate therapeutic targets.
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