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OBJECTIVE — Blood glucose awareness training (BGAT) has been shown to improve aware-
ness of blood glucose (BG) fluctuations among adults with type 1 diabetes. This study investi-
gates the long-term (12-month) benefits of BGAT-2.

RESEARCH DESIGN AND METHODS — A total of 73 adults with type 1 diabetes
participated in a 6-month repeated baseline design with a 12-month follow-up. At 6 months and
1 month before BGAT-2 and at 1, 6, and 12 months after BGAT-2, subjects used a handheld
computer for 50 trials and completed psychological tests. Throughout assessment, subjects
completed diaries, recording occurrences of diabetic ketoacidosis, severe hypoglycemia, and
motor vehicle violations. During follow-up, 50% of the subjects received booster training.

RESULTS — During the first and last halves of both the baseline period and the follow-up
period, dependent variables were generally stable. However, from baseline to follow-up, BGAT-2
led to 1) improved detection of hypoglycemia and hyperglycemia; 2) improved judgment re-
garding when to lower high BG, raise low BG, and not drive while hypoglycemic; 3) reduction in
occurrence of diabetic ketoacidosis, severe hypoglycemia, and motor vehicle violations; and 4)
improvement in terms of worry about hypoglycemia, quality of life, and diabetes knowledge.
Reduction in severe hypoglycemia was not associated with a worsening of metabolic control
(HbA1). The presence or absence of booster training did not differentially affect these benefits.

CONCLUSION — BGAT has sustained broad-ranging benefits, independent of booster
intervention.
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S elf-monitoring of blood glucose
(SMBG) by the patient offers specific
information about BG levels. Due to

financial or other constraints, patients are
often unable to perform SMBG frequently
to use actual BG levels to make moment-
to-moment treatment decisions. Conse-
quently, individuals with type 1 diabetes
often rely on symptoms and estimates of
their BG levels (1) to decide whether to
eat, exercise vigorously, perform SMBG,

or even drive and/or perform other poten-
tially dangerous activities.

Blood glucose awareness training
(BGAT) is a psychoeducational program-
matic intervention designed to improve
the accuracy of patients’ detection and in-
terpretation of relevant BG symptoms and
other cues. BGAT has been shown to im-
prove accuracy of overall recognition of
current BG level as well as to specifically
improve detection of hypoglycemia and

hyperglycemia (2,3). Its efficacy has been
demonstrated to be greatest among pa-
tients who are the least accurate in detect-
ing current BG levels (e.g., individuals
with reduced hypoglycemic awareness)
(4). When patients receiving BGAT train-
ing were compared with patients receiv-
ing dietary nutritional education, the
BGAT group was found to have better-
preserved hormonal counterregulation
while undergoing successful intensive in-
sulin therapy (5).

To date, there has been only one long-
term follow-up study of BGAT (5). We
followed 28 BGAT-1 subjects and 12 con-
trol subjects for 4.9 years. Of the BGAT
subjects, 50% received booster training
consisting of completion of BGAT diaries
for 2 weeks before assessment. At follow-
up, BGAT subjects who received booster
training were significantly more accurate
at estimating their BG levels. There was a
trend (P , 0.07) in BGAT subjects who
received no booster training to be more
accurate in estimating BG levels as com-
pared with control subjects. BGAT sub-
jects were also involved in fewer motor
vehicle accidents than control subjects;
42% of the control subjects versus only
15% of the BGAT subjects had collisions.

The current study presents prospec-
tive 12-month follow-up data of BGAT-2
(4) in terms of metabolic, behavioral, and
psychological parameters. BGAT-2 differs
from BGAT-1 in several aspects. BGAT-2
added separate chapters on how insulin,
food, and exercise influence BG to antic-
ipate changes in BG. Additionally, the
concluding chapter of BGAT-2 specifi-
cally focuses on relapse prevention. The
short-term effects of BGAT-2 on patients
with either normal or reduced hypoglyce-
mia awareness have been previously re-
ported (4). These two groups were drawn
from three diverse clinical settings (Uni-
versity of Virginia, Vanderbilt University,
and the Joslin Diabetes Center), and four
instructors (D.J.C., L.G.F., W.P., and
D.S.) delivered the training. Detection of
high BG was improved for both groups of
subjects; detection of low BG improved
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for only the subjects with reduced hypo-
glycemic awareness. During follow-up,
50% of the BGAT-2 subjects received
booster training.

The following hypotheses were test-
ed: 1) BGAT would lead to sustained, im-
proved awareness of BG fluctuations as
reflected in detection of both hypoglyce-
mia and hyperglycemia and overall BG
estimation accuracy; 2) improved aware-
ness would lead to better judgments con-
cerning extreme BG levels in terms of
better judgment regarding when to treat
high and low BG levels and when not to
drive a motor vehicle because of low BG;
3) better awareness and judgment would
lead to fewer extreme BG levels and fewer
negative sequelae of extreme BG, such as
diabetic ketoacidosis (DKA), severe hypo-
glycemia, and motor vehicle violations; 4)
less uncertainty and fewer negative events
would lead to better psychological func-
tioning in terms of less worry about hy-
poglycemia, improved quality of life, less
depression, and reduced marital conflict
over diabetes; and 5) these effects would
be greater for subjects receiving booster
training.

RESEARCH DESIGN AND
METHODS
All sites recruited subjects through news-
letters, diabetes clinic notices, and physi-
cian referrals. All subjects had to 1) have
diabetes for $2 years, 2) have taken insu-
lin since the time of diagnosis, 3) rou-
tinely measure BG $2/day, and 4) no
history of severe depression (psychiatric
hospitalization or a Beck Depression In-
ventory [BDI] score .24) or substance
abuse (CAGE score .1). One applicant
was excluded because of depression. A to-
tal of 36, 29, and 35 subjects were re-
cruited and trained at the University of
Virginia, the Joslin Diabetes Center, and
Vanderbilt University, respectively. Of
the 78 subjects who completed BGAT-2,
76 completed 6 months of follow-up as-
sessments and 73 completed 12 months
of follow-up assessments. At 12-month
follow-up, there were 25 male subjects
and 48 female subjects: mean age 5
38.3 6 9.1 years, duration of disease 5
19.5 6 10.5 years, insulin U/day 5
38.9 6 16.5, and HbA1 5 10.2 6 2.1%.
In our laboratory, the upper limit of nor-
mal HbA1 is 6.9%. An HbA1 of 9% is
equivalent to the mean HbA1c of the Dia-
betes Control and Complications Trial in-
tensive treatment group.

Dependent variables
Subjects were given handheld computers
that prompted them to estimate their BG
level; they then recorded whether they
would raise or lower their BG level and
whether they would or would not drive.
The subjects then measured and recorded
their actual BG levels. Subjects repeated
this process 50 times over a 3-week pe-
riod, just before the routine SMBG and
whenever they believed their BG levels
were high or low. The computer recorded
the time and date of each entry and the
elapsed time between the prompt “Mea-
sure your BG” and when SMBG reading
was entered. Any entries made in ,45 s
after the prompt were considered unreli-
able. Unreliable readings and entries that
occurred within 1 hour of the previous
entry were not considered for data analy-
sis. From this data set, we calculated the
following: 1) percentage of low (,3.8
mmol/l) and high (.10 mmol/l) BG levels
detected; 2) the overall percentage of ac-
curate BG estimates (“A” zones of the er-
ror grid analysis [EGA]); 3) the percentage
of time when BG level was low and the
subject judged not to drive a motor vehi-
cle and judged to treat the low BG level;
and 4) the BG risk index that logarithmi-
cally weights progressively extreme BG
levels, where a BG of 6.25 mmol is
weighted 0 and BG levels of 1.1 mmol (20
mg/dl) and 33.3 mmol (600 mg/dl) are
weighted 100 (the sum of these weighted
values is then divided by the number of
BG readings to calculate a BG risk index)
(9,10).

Subjects completed a series of psy-
chometric instruments. The Hypoglyce-
mic Fear Survey—Worry (11,12)
determined whether BGAT led to a reduc-

tion in participants’ concerns over the
possibility of experiencing hypoglycemia.
The Quality of Life Scale (13) was admin-
istered to determine whether greater
awareness of BG fluctuations, or less un-
certainty, would improve quality of life.
The BDI (14) was used to determine
whether BGAT improved mood. The Dy-
adic Adjustment Scale—Diabetes Con-
flict (15) was used to determine whether
greater awareness of BG fluctuations led
to reduced marital conflict surrounding
diabetes issues. We developed a diabetes
knowledge scale, which assessed basic in-
formation derived from BGAT. This was
administered to determine subjects’ mas-
tery of information learned from BGAT.

Subjects completed and mailed in
monthly diaries that chronicled occur-
rence of DKA, severe hypoglycemia (stu-
por or unconsciousness necessitating
assistance in the treatment of low BG)
(16), and citations for motor vehicle vio-
lations.

Procedure
Because placebo conditions have not been
shown to affect accuracy of BG estimation
(2,3), and because it was judged to be
difficult and inappropriate to keep sub-
jects in a placebo condition for 20
months, we used a repeated baseline de-
sign to establish stability of the measures
(see Fig. 1). For 6 months before and 12
months after BGAT-2, monthly diaries
were completed. At 6 months and 1
month before BGAT-2 and at 1, 6, and 12
months after BGAT-2, subjects completed
the psychometric instruments, used
handheld computers for 3 weeks, and had
their blood drawn for measurement of
HbA1.

Figure 1—Repeated baseline design.
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BGAT-2 was delivered to groups of
5–15 subjects in 8 weekly sessions that
focused on teaching patients how to iden-
tify their best internal cues of extreme lev-
els of BG and how to anticipate extreme
levels of BG based on information con-
cerning insulin, food, and exercise (4). At
posttreatment, subjects were matched
based on their ability to detect low BG
levels and then randomized to either
booster or no-booster training. Subjects
randomized to booster training received
the following: 1) prompts to look for BG
cues and anticipate high and low BG lev-
els, along with key concept summary
pages from the BGAT-2 manual at months
3 and 9; 2) a summary report concerning
their handheld computer results at
months 4 and 10; and 3) BGAT-2 diaries
to complete daily for 1 week at months 5
and 11.

Data analysis
Table 1 presents the correlations and re-
sults of Student’s t tests for handheld
computer, psychometric, and diary data
for the first and second halves of the base-
line period. This stability of measures
during 6 months of pretreatment moni-
toring demonstrated that these variables
did not change as a function of time or

repeated testing, which allowed us to
average the 6 months of baseline data
for comparison with follow-up data. To
test hypotheses concerning long-term
effects of BGAT-2, 1 3 3 (6- to 1-month
pretreatment, 1- to 6-month and 7- to
12-month follow-up) multiple analyses
of variance (MANOVAs) were first per-
formed for the separate clusters of de-
pendent variables (BG estimation
accuracy, judgment, negative clinical
sequelae, and psychological parame-
ters). To assess the impact of BGAT-2 on
individual variables, across-subject re-
peated-measure analyses of variance
(ANOVAs) were performed. When sig-
nificant (P , 0.01) time effects were
identified, two contrasts were per-
formed. Contrast 1 compared the
6-month baseline with the 6- and 12-
month follow-up data to determine
whether there was a long-term benefit
of BGAT-2. Contrast 2 compared post-
treatment (assessment 3, Fig. 1) with 6-
and 12-month follow-up data (assess-
ments 4 and 5) to assess the stability of
the effect. To assess the effects of
booster training, 2 (booster versus no-
booster) 3 2 (assessment 3 versus as-
sessment 5) ANOVAs were performed.

RESULTS

Accuracy of BG estimation
The ability of the subjects to estimate
BG levels was significantly improved
(MANOVA F 5 4.0, P , 0.01) by BGAT-
2. BGAT-2 led to a significant improve-
ment in the detection of low and high BG
levels from baseline through 12 months of
follow-up (Table 2, Contrast 1, P , 0.003),
and this was stable across 6- and 12-month
follow-up (Contrast 2). Similarly, there was
a significant improvement in clinically ac-
curate estimates (“A” zones of EGA) from
baseline through 12 months of follow-up
(P , 0.001), and this was stable across 6-
and 12-month follow-up (P 5 0.24).

BG fluctuations
As shown in Table 2 (BG risk index),
BGAT-2 led to a significant reduction in
extreme BG levels from baseline through
12 months of follow-up (P 5 0.001), and
was stable across 6- and 12-month fol-
low-up (P 5 0.32).

Judgment
Determination of when to treat high BG
levels, when to treat low BG levels, and
whether to drive a motor vehicle with low
BG levels was significantly improved by

Table 1—Reliability and stability of primary dependent variables across the 6- and 1-month pre-BGAT-2 repeated baseline

Variable 6- and 1-month pre-BGAT Correlations Contrasts

Improved recognition of BG levels*
% Detection of low BG 36 6 32; 34 6 31 F 5 0.64, P , 0.001 t 5 0.9, NS
% Detection of high BG 52 6 25; 49 6 26 F 5 0.65, P , 0.001 t 5 1.1, NS
% Accurate estimates 39 6 13; 38 6 13 F 5 0.72, P , 0.001 t 5 0.1, NS

Reduced extreme BG fluctuations†
BG risk index 14.1 6 5.1; 13.7 6 4.9 F 5 0.55, P , 0.001 t 5 0.7, NS
HbA1 10.2 6 2.1; 10.2 6 2.0 F 5 0.85, P , 0.001 t 5 0.5, NS

Improved judgement‡
% Decision to treat when low 49 6 30; 55 6 33 F 5 0.34, P , 0.003 t 5 1.3, NS
% Decision not to drive when low 52 6 38; 47 6 38 F 5 0.50, P , 0.002 t 5 0.8, NS

Reduction of negative consequences§
DKA (total no.) 4; 3 — —
Severe hypoglycemia 1.4 6 2.1; 1.8 6 1.9 F 5 0.77, P , 0.001 t 5 1.7, NS
Motor vehicle violations 0.1 6 0.3; 0.08 6 0.2 F 5 0.45, P , 0.001 t 5 0.2, NS

Change in psychological parametersi
Hypoglycemia fear survey–worry 23.7 6 10.3; 20.2 6 10.1 F 5 0.76, P , 0.001 t 5 4.3, P , 0.01
DQOL–impact 46.7 6 10.5; 45.8 6 9.0 F 5 0.57, P , 0.001 t 5 0.9, NS
DQOL–worry 19.4 6 8.6; 17.1 6 8.1 F 5 0.69, P , 0.001 t 5 3.1, P , 0.01
BDI–total 6.1 6 5.4; 7.7 6 6.8 F 5 0.67, P , 0.001 t 5 2.8, P , 0.01
DAS–diabetes conflict 19.8 6 11.2; 18.4 6 8.7 F 5 0.53, P , 0.001 t 5 1.3, NS
Knowledge NA; 43.2 6 4.2 — —

Data are means 6 SD unless otherwise indicated. *F 5 0.77, P 5 0.52, MANOVA; †no MANOVA performed because only one variable, BG risk index, was
hypothesized to change; ‡F 5 2.4, P 5 0.1, MANOVA; §F 5 0.87, P 5 0.46, MANOVA; iF 5 5.6, P , 0.005, MANOVA. DAS, Dyadic Adjustment Scale; DQOL,
Daily Quality of Life; NA, not available.
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BGAT-2 (MANOVA F 5 2.7, P , 0.05).
BGAT-2 led to a significant increase in
decision to treat (raise/lower) when the
BG level was low/high from baseline
through 12 months of follow-up (P 5
0.001), and was stable across 6- and 12-
month follow-up (P9g . 0.5). Similarly,
decisions concerning avoiding driving a
motor vehicle when BG levels were low
significantly increased from baseline
through 12 months of follow-up (P 5
0.004), and was stable from 6 to 12
months of follow-up (P 5 0.74).

Sequelae
Negative sequelae of extreme BG levels
were significantly reduced by BGAT-2
(MANOVA F 5 4.5, P , 0.005). During
baseline assessment, there were six epi-
sodes of DKA among our subjects: one
event occurred during BGAT-2 training,
and none occurred during the 12 months
after BGAT-2. Severe hypoglycemia was
reduced by a third across the first and last
6 months of follow-up (P , 0.002) (Table
2). BGAT-2 led to a significant reduction in
motor vehicle violations (by ;67%) from

baseline through 12 months of follow-up
(P 5 0.001), and was stable from 6 to 12
months of follow-up (P 5 0.74).

Psychological impact
BGAT-2 significantly improved psycho-
logical functioning (MANOVA F 5 14.9,
P , 0.0001). Specifically, worry scores
concerning hypoglycemia were reduced
from baseline through 12 months of fol-
low-up (P , 0.001), and was stable across
6 and 12 months of follow-up (P 5 0.80).
Diabetes quality of life, for both the im-

Table 2—Comparison of mean scores for primary dependent variables across baseline and follow-up periods

Variable Baseline
6-month
follow-up

12-month
follow-up

Time P
levels

Contrast 1*
P levels

Contrast 2†
P levels

Improved recognition of BG levels‡
% Detection low BG 34 6 29 44 6 30 44 6 27 F 5 3.5

P , 0.005
t 5 2.4
P 5 0.002

t 5 0.5
NS

% Detection high BG 51 6 24 55 6 26 53 6 27 F 5 3.1
P , 0.001

t 5 1.7
P , 0.05

t 5 0.9
NS

Accurate estimates 38 6 11 45 6 15 46 6 15 F 5 13.6
P , 0.001

t 5 4.3
P , 0.001

t 5 0.6
NS

Reduced extreme BG fluctuations§
BG risk index 13.9 6 4.4 13.3 6 6.0 13.0 6 5.2 F 5 2.1

P 5 0.002
t 5 3.7
P 5 0.001

t 5 0.01
NS

HbA1c 10.2 6 2.0 10.2 6 2.0 10.2 6 1.9 F 5 0.1
NS

t 5 0.0
NS

t 5 0.5
NS

Improved judgmenti
% Decision to raise low BG 50 6 27 59 6 34 58 6 30 F 5 3.6

P , 0.005
t 5 2.6
P 5 0.01

t 5 2.2
P , 0.5

% Decision to lower high BG 53 6 26 54 6 30 60 6 28 F 5 5.2
P , 0.001

t 5 3.3
P , 0.001

t 5 2.2
P , 0.05

% Decision not to drive when low 48 6 33 50 6 36 51 6 31 F 5 2.0
P , 0.01

t 5 2.7
P , 0.005

t 5 0.3
NS

Reduction of negative consequences¶
DKA (total no.) 7 0 0 — — —
Severe hypoglycemia

(mean episodes/month)
1.6 6 2.0 1.2 6 1.9 1.1 6 2.0 F 5 3.9

P , 0.002
t 5 2.3
P 5 0.002

t 5 0.8
NS

Motor vehicle violations
(mean violations/month)

0.09 6 0.27 0.03 6 0.09 0.03 6 0.15 F 5 5.4
P , 0.001

t 5 2.8
P 5 0.001

t 5 0.4
NS

Improvement in psychologial parameters#
Hypoglycemia fear survey–worry 22 6 9.6 17.5 6 10.7 17.4 6 9.9 F 5 21.2

P , 0.001
t 5 5.2
P , 0.002

t 5 0.8
NS

DQOL–impact 46.3 6 8.7 44.0 6 7.7 43.8 6 8.3 F 5 6.7
P , 0.005

t 5 3.1
P , 0.005

t 5 1.0
NS

DQOL–worry 18.3 6 7.6 16.5 6 8.7 16.2 6 8.5 F 5 11.7
P , 0.001

t 5 4.3
P , 0.001

t 5 0.8
NS

BDI–total 6.9 6 5.6 5.8 6 5.7 6.1 6 6.2 F 5 2.4
P 5 0.09

t 5 1.6
P 5 0.11

t 5 0.6
NS

DAS–diabetes conflict 19.1 6 8.7 18.5 6 8.3 18.9 6 8.7 F 5 0.5
NS

t 5 0.5
NS

t 5 0.7
NS

Knowledge 43.2 6 4.2 46.8 6 3.3 46.3 6 3.5 F 5 61.7
P , 0.001

T 5 8.2
P , 0.001

t 5 1.4
NS

Data are means 6 SD unless otherwise indicated. *Contrast 1 compared the 6-month baseline with the 6- and 12-month follow-up data to determine whether there was a
long-term benefit of BGAT-2; †contrast 2 compared posttreatment (assessment 3, Fig. 1); ‡F 5 4.0, P , 0.01, MANOVA; §no MANOVA was performed because only one
variable, BG risk index, was hypothesized to change; iF 5 2.7, P 5 0.05, MANOVA; ¶F 5 4.5, P , 0.005, MANOVA; #F 514.9, P , 0.0001, MANOVA.
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pact and worry subscales, was signifi-
cantly improved from baseline through
12 months of follow-up (P , 0.001), and
was stable across 6 and 12 months of fol-
low-up (P . 0.40). Knowledge about di-
abetes was improved from baseline
through 12 months of follow-up (P ,
0.001), and was stable across 6 and 12
months of follow-up (P 5 0.17). Neither
depression nor dyadic conflict was im-
proved, partly because baseline scores
were within normal limits (14,15). How-
ever, when we examined the 21 subjects
who had BDI scores .9, indicating the
presence of at least mild depression, these
individuals did demonstrate a significant
(P 5 0.05) reduction in symptoms from a
mean baseline score of 14.5 to 6- and 12-
month mean scores of 11.4 and 11.2, re-
spectively.

Booster training effects
There were no significant two-way interac-
tion effects for booster versus no-booster
and posttreatment versus 12-month fol-
low-up. There were no three-way interac-
tion terms involving booster, awareness,
and time.

Post-hoc analyses
Subsequent analyses were performed to
help understand mechanisms underlying
the reduction in occurrences of severe hy-
poglycemia, motor vehicle violations, and
DKA. It was hypothesized that reduction
in severe hypoglycemia, for those who
had such episodes at baseline, would be
associated with improved detection of hy-
poglycemia, reduction of exposure to low
BG levels (low BG index), and improved
decision to self-treat when the BG level
was low. A regression analysis was not
significant, with improvement in self-
treatment decisions only marginally cor-
related with improvement in severe
hypoglycemia (r 5 0.19, P 5 0.086).

It was hypothesized that reduction in
motor vehicle violations would be associ-
ated with improved detection of hypogly-
cemia, reduced exposure to low BG levels
(low BG index), and improved judgment
concerning not driving a motor vehicle
when BG was low. A regression analysis
predicting reduction of motor vehicle
yielded an R2 5 0.47 (P 5 0.03), with
only improvement in judgment not to
drive entering into the equation (partial
correlation 5 0.67).

Because there were no episodes of
DKA during follow-up and the seven ep-

isodes of DKA before BGAT were ac-
counted for by only five subjects,
statistical analyses were not appropriate.
However, it is of interest to note that re-
duction of DKA was associated with
slightly higher HbA1 (11.4–11.8%) and
an improvement in detection of high BG
levels (.10 mmol, 49 – 63%) in these
subjects.

CONCLUSIONS — These data indi-
cate that BGAT-2, a programmatic train-
ing program directed at teaching adults
with type 1 diabetes to better recognize
and anticipate BG fluctuations, has signif-
icant, sustained, and broad-ranging ben-
efits. Although no placebo group was
used, for both practical and ethical rea-
sons, the fact that dependent variables
generally did not change as a function of
time or monitoring, during either the 6
months of baseline or 12 months of fol-
low-up, demonstrates the robust effects of
BGAT-2. However, whereas improve-
ment in BG estimation was statistically
significant, the improvement in detection
of hypoglycemia and hyperglycemia was
relatively modest. Furthermore, improve-
ment in detection did not correlate with
reduction of severe hypoglycemia or mo-
tor vehicle violations, indicating that the
beneficial effects of BGAT-2 are not solely
a function of better recognition of hypo-
glycemia and hyperglycemia.

However, in BGAT, patients are also
taught to use the feedback provided by
BG estimation and SMBG more appropri-
ately. This is reflected in both the signifi-
cant improvements in decisions to treat
and not to drive a motor vehicle when the
BG level was low, suggesting that changes
in decision-making and attitude may be
just as important as improvements in BG
detection. In fact, improved decisions not
to drive a motor vehicle when the BG level
was low significantly predicted reduction
of motor vehicle violations (R2 5 0.47).
The importance of this fact is underlined
by recent field (17) and laboratory studies
(18) demonstrating that drivers with type
1 diabetes often do decide they can drive
while hypoglycemic. The positive impact
of BGAT on driving mishaps was con-
firmed by our previous long-term follow-
up study (6) and is the only intervention
shown to reduce such life-threatening
events.

BGAT also teaches subjects to better
anticipate future extreme BG levels. An-
ticipation and prevention of extreme BG

levels may account for both the reduc-
tions in DKA and severe hypoglycemia.
Although we have no data to directly test
this speculation, post-hoc analysis of the
current data demonstrated that the signif-
icant reduction in severe hypoglycemia
was due to reduction in nocturnal hypo-
glycemia. It seems likely that this reduc-
tion in nocturnal severe hypoglycemia is
not due to improved detection of hypo-
glycemic symptoms but rather the im-
proved ability to anticipate and prevent
low BG levels during sleep.

In addition to being the first experi-
mental study to demonstrate the reduc-
tion in severe hypoglycemia and DKA
without manipulating diabetic regimen or
metabolic control, this is the first study
demonstrating the improvement in both
fear of hypoglycemia and quality of life.
This may be very important, because con-
cerns about hypoglycemia are suggested
to be the major barrier to intensive insulin
therapy (19). In addition, BGAT seemed
to reduce depression in subjects who
were mildly depressed. In conclusion,
BGAT produced persistent broad-ranging
effects relevant to both hypoglycemia and
hyperglycemia among adults with type 1
diabetes. This intervention may be partic-
ularly beneficial to patients who are at-
tempting intensive insulin therapy, are
bothered with frequent DKA, have had se-
vere hypoglycemia- or diabetes-related car
accidents, or experience wide fluctuations
in BG levels or impaired hypoglycemia
awareness. To date, BGAT has not been
tested either with children or with adults
who have type 2 diabetes.

Acknowledgments— This research was sup-
ported by National Institutes of Health Grants
DK28288, DK27085, DK20579, RR00847,
and RR00036.

We thank the nursing staff at the University
of Virginia’s General Clinical Research Center
for their contribution to this study.

References
1. Gonder-Frederick LA, Cox DJ: Behav-

ioral responses to perceived hypoglyce-
mic symptoms. Diabetes Educ 12:105–109,
1986

2. Cox DJ, Carter WR, Gonder-Frederick
LA, Clarke WL, Pohl SL: Blood glucose
discrimination training in insulin-depen-
dent diabetes mellitus (IDDM) patients.
Biofeedback Self Regul 13:201–217, 1988

3. Cox DJ, Gonder-Frederick LA, Julian D,
Cryer P, Lee JH, Richards FE, Clarke W:

Cox and Associates

DIABETES CARE, VOLUME 24, NUMBER 4, APRIL 2001 641

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/24/4/637/587959/637.pdf by guest on 10 April 2024



Intensive versus standard blood glucose
awareness training (BGAT) with insulin-
dependent diabetes: mechanisms and an-
cillary effects. Psychosom Med 53:453–462,
1991

4. Cox DJ, Gonder-Frederick LA, Polonsky
W, Schlundt D, Julian D, Clarke WL: A
multicenter evaluation of blood glucose
awareness training-II. Diabetes Care 18:
523–528, 1995

5. Kinsley BT, Weinger K, Bajaj M, Levy CJ,
Simonson DC, Quigley M, Cox DJ, Jacob-
son AM: Blood glucose awareness training
and epinephrine responses to hypoglyce-
mia during intensive treatment in type 1
diabetes. Diabetes Care 22:1022–1028,
1999

6. Cox DJ, Gonder-Frederick LA, Julian DM,
Clarke WL: Long-term follow-up evalua-
tion of blood glucose awareness training.
Diabetes Care 17:1–5, 1994

7. Cox DJ, Clarke WL, Gonder-Frederick
LA, Pohl S, Hoover C, Snyder A, Zimbel-
man L, Carter WR, Bobbitt S, Pennebaker
J: Accuracy of perceiving blood glucose in
IDDM. Diabetes Care 8:529–536, 1985

8. Cox DJ, Gonder-Frederick LA, Kovatchev
BP, Julian DM, Clarke WL: Understand-

ing error grid analysis (Editorial). Diabetes
Care 20:911–912, 1997

9. CoxDJ,KovatchevBP,JulianDM,Gonder-
Frederick LA, Polonsky WH, Schlundt
DG, Clarke WL: Frequency of severe hy-
poglycemia in insulin-dependent diabetes
mellitus can be predicted from self-mon-
itoring blood glucose data. J Clin Endocri-
nol Metab 79:1659–1662, 1994

10. Kovatchev BP, Cox DJ, Gonder-Frederick
LA, Clarke W: Symmetrization of the
blood glucose measurement scale and its
applications. Diabetes Care 20:1655–1658,
1997

11. Cox DJ, Irvine A, Gonder-Frederick LA,
Nowacek G, Butterfield J: Fear of hypo-
glycemia: quantification, validation, and
utilization. Diabetes Care 10:617–621,
1987

12. Irvine AA, Cox DJ, Gonder-Frederick LA:
The Fear of Hypoglycemia Scale. In Hand-
book of Psychology and Diabetes. Bradley
C, Ed. Berkshire, U.K.: Harwood Aca-
demic Publishers, 1994, p. 133–155

13. The DCCT Research Group: Influence of
intensive diabetes treatment on quality-
of-life outcomes in the diabetes control
and complications trial (see Comments).

Diabetes Care 19:195–203, 1996
14. Beck AT, Steer RA, Garbin MG: Psycho-

metric properties of the Beck Depression
Inventory: twenty-five years of evalua-
tion. Clin Psychol Rev 8:77–100, 1988

15. Gonder-Frederick LA, Cox DJ, Kovatchev
B, Julian D, Clarke W: The psychosocial
impact of severe hypoglycemic episodes
on spouses of patients with IDDM. Diabe-
tes Care 20:1543–1546, 1997

16. The DCCT Research Group: Epidemiol-
ogy of severe hypoglycemia in the Diabe-
tes Control and Complications Trial. Am J
Med 90:450–459, 1991

17. Clarke WL, Cox DJ, Gonder-Frederick
LA, Kovatchev B: Hypoglycemia and the
decision to drive a motor vehicle by per-
sons with diabetes. JAMA 282:750–754,
1999

18. Cox DJ, Gonder-Frederick LA, Kovatchev
BP, Julian DM, Clarke WL: Progressive
hypoglycemia’s impact on driving simu-
lation performance: occurrence, aware-
ness, and correction. Diabetes Care 23:
163–170, 2000

19. Cryer PE, Fisher JN, Shamoon H: Hypo-
glycemia. Diabetes Care 17:734–755, 1994

Blood glucose awareness training

642 DIABETES CARE, VOLUME 24, NUMBER 4, APRIL 2001

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/24/4/637/587959/637.pdf by guest on 10 April 2024


