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OBJECTIVE— Blood glucose awareness training (BGAT) has been found effective
in teaching individuals with insulin-requiring diabetes to improve their ability to
better recognize blood glucose (BG) fluctuations. This study investigated whether
subjects who underwent BGAT a mean of 4.9 years previously were superior to past
control subjects in terms of their ability to recognize BG fluctuations, and whether
past BGAT subjects had fewer automobile crashes and lost work days and better
glycosylated hemoglobin than control subjects. Additionally, the beneficial effects of
providing booster training to past BGAT subjects also was evaluated.

RESEARCH DESIGN AND METHODS— This study followed up 28 past
BGAT subjects. Half of these subjects (n = 14) received a simple booster-training
program. Twelve previous control subjects also were evaluated. Booster subjects were
given a BGAT diary to complete for 2 weeks before evaluation. Evaluation for all
subjects included completion of a retrospective questionnaire on work and driving
history, blood drawing for a glycosylated hemoglobin analysis, and having subjects
estimate and measure their BG levels 50-80 times during a 3- to 4-week period
during their daily routine.

RESULTS— At long-term follow-up, BGAT subjects had significantly fewer auto-
mobile crashes than control subjects. BGAT subjects receiving booster training were
significantly more accurate at estimating their BG levels and were more aware of
hypoglycemia. Post hoc analyses indicated that the ability to accurately estimate BG
fluctuations correlated positively with follow-up glycosylated hemoglobin and the
number of hypoglycemic and hyperglycemic symptoms participants demonstrated.
Both BGAT and control subjects demonstrated significantly improved glycosylated
hemoglobin relative to baseline measures.

CONCLUSIONS— These data suggest that BGAT has long-term benefits, which
can be enhanced with booster training. Specifically, BGAT and simple booster
training may result in reduction of severe hypoglycemic episodes and automobile
crashes in the long term.
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Blood glucose awareness training
(BGAT) is a patient education pro-
cedure designed to teach insulin-

requiring diabetic patients to more accu-
rately estimate their general blood
glucose (BG) levels and specifically de-
tect hypoglycemia. BGAT involves teach-
ing patients how to identify symptoms
sensitive and specific to their hypoglyce-
mia and hyperglycemia. Additionally, it
teaches patients how to accurately inter-
pret information concerning types,
amounts, and timing of insulin, food,
and exercise to better anticipate extreme
BG levels. BGAT typically requires seven
weekly classes, reading the training man-
ual, and daily homework exercises de-
signed to apply and personalize the ma-
terial presented in a particular chapter of
the manual. Numerous studies have now
demonstrated, in the short term, that
BGAT is effective in improving patients'
ability to estimate their BG levels and
glycosylated hemoglobin (1-10). Main-
tenance of such gains is critical in eval-
uating the cost-effectiveness of BGAT.
No studies to date have evaluated the
long-term benefits of BGAT. With the
growing concern about the increased in-
cidence of hypoglycemia with attempts
to normalize BG (11-14), it is especially
important to know whether BGAT leads
to greater awareness of hypoglycemia
and fewer severe hypoglycemic episodes
in the long term.

This study followed-up subjects
who had participated in BGAT and con-
trol subjects from our previous studies
(1,3). At follow-up, half (n = 14) of the
BGAT subjects received a brief booster-
training program intended to review
BGAT procedures. The general question
addressed was: Are BGAT participants
better off at long-term follow-up com-
pared with baseline or control subjects?
The specific hypotheses tested were ]) at
long-term follow-up, BGAT subjects in
general would be more accurate at esti-
mating their BG levels and more aware of
their hypoglycemia in particular; 2)
BGAT subjects would have fewer nega-
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Table 1—Subject characteristics for the three groups

Control
group

BGAT
group

BGAT plus
booster

Final n
Age (years)
Duration of disease (years)
Follow-up (months)

Data are means ± SD.

13
41.1 ±3.1
17.6 ± 4.0
47.0 ± 5.3

14
40.3 ± 3.2
14.2 ± 1.8
51.2 ±3.6

14
47.2 ± 4.3
17.1 ±2.8
55.5 ± 4.0

tive consequences caused by severe hy-
poglycemic episodes, as defined by lost
work days and fewer automobile crashes;
3) BGAT subjects would maintain their
improved glycosylated hemoglobin; and
4) a brief booster-training program
would enhance overall accuracy of BG
estimation and, specifically, sensitivity to
hypoglycemia.

RESEARCH DESIGN AND
METHODS— We were able to locate
52 of 64 subjects from two previous
studies (1,3), 41 of whom were able and
willing to participate. Twenty-eight of
these subjects had undergone BGAT and
13 were past control subjects. Table 1
lists subject characteristics. No signifi-
cant differences existed between groups
on any of these variables. Incentives to
participate included a free glycosylated
hemoglobin determination and a $75
payment at the conclusion of data collec-
tion.

At an introductory meeting, sub-
jects signed an informed consent, com-
pleted a questionnaire concerning past
experiences with hypoglycemia and driv-
ing, and had blood drawn for a glycosy-
lated hemoglobin analysis (15). The driv-
ing questions were

1. How many years have you been
driving? years.

2. Please estimate how many miles
you drive a year: miles/year.

3. Have you ever had an automobile
accident? Yes _, No

If yes, please list the approximate
dates of the accidents:

Past BGAT subjects were matched
on posttreatment BG estimation accuracy
and months of follow-up and then ran-
domly assigned to either BGAT or BGAT
plus booster training. Before use of the
hand-held computer, BGAT plus booster
subjects were given a 2-week diary. This
diary was similar to those used in BGAT.
Each time booster subjects measured
their BG, they recorded in the diary any
BG-relevant symptoms and relevant in-
formation about insulin, food, and/or ex-
ercise; estimated and recorded their BG;
measured and logged their actual BG;
and plotted their estimated-actual BG
readings on an error grid (16,17). Plot-
ting the actual-estimated BG provided
booster subjects feedback on the types of
estimation errors being made. For exam-
ple, the error grid provided subjects with
information such as whether they were
systematically overestimating their low
BGs and/or underestimating their high
BGs. After 2 weeks of completing diaries,
booster subjects were given hand-held
computers to collect follow-up data.

All subjects were given a Psion
P250 hand-held computer to use imme-
diately before home self-monitoring of
BG. They were instructed to use the
computer-BG monitoring during routine
measurements and whenever they
thought their BG was either low or high.
Each computer trial required subjects to
enter their BG estimates, rate a variety of
perceived autonomic and neuroglyco-
penic symptoms on a 0 = none to
6 = extreme scale, and measure and en-
ter their actual BG results. Subjects were
instructed to make a minimum of 50

such entries or continue until they had at
least 10 actual BGs <3.9 mM to a max-
imum of 80 entries. This was accom-
plished during the subjects' daily routine
over a 3- to 4-week interval. We have
reported previously how the hand-held
computer data identify individual-spe-
cific symptoms that correlate with the
ability to detect hypoglycemia (18).

The computer tracked date and
time of each entry and elapsed time be-
tween the computer's prompt to measure
BG and the subjects' entry of their actual
BG measurement. This allowed a check
for compliance by examining whether at
least 60 s elapsed between the prompt to
measure BG and entry of actual BG. Be-
cause it requires at least 1 min to lance
the finger, secure a blood sample, and
get a BG reading, any BG readings en-
tered in <60 s were considered unreli-
able and dropped from analysis. Unreli-
able data represented either fabricated
data or BG measurements collected be-
fore BG estimates and symptom ratings.
Based on this compliance check, we
dropped 5 subjects' hand-held computer
data from analysis because they consis-
tently entered actual BG values immedi-
ately after instructions to measure BG.
This resulted in the elimination of hand-
held computer data from 2 subjects each
in the control and BGAT groups and
from 1 subject in the booster group.

Data analysis
The accuracy index is a general index of
BG estimation accuracy (2,3,16). The ac-
curacy index is derived by calculating the
percentage of accurate estimates (those
within 20% of the measured BG or those
estimates and actual BG readings, both
<3.9 mM) and subtracting the number
of dangerously erroneous estimates (fail-
ure to recognize either hypoglycemia or
hyperglycemia).

A univariate analysis of variance
(ANOVA) was performed comparing
only the three groups' follow-up accu-
racy index because of the inequity be-
tween pre- and posttreatment data and
follow-up data; original (1,3) pre- and
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posttreatment accuracy index data were
not equivalent to our follow-up data for
two reasons: 1) the current follow-up
data were gathered using the hand-held
computer, which identified unreliable
trials and subjects and did not incorpo-
rate these data in the summary accuracy
index. In contrast, the original pre- and
posttreatment data (1,3) was gathered
using diaries, and all data were incorpo-
rated in analyses; and 2) our original
error grid analysis program, used in the
pre- and posttreatment analyses, had a
slight but consistent error, classifying
overestimates of up to 32%, instead of
20%, as accurate (upper A zones).

Because our booster training oc-
curred for only a 2-week period just be-
fore data collection, it did not have an
impact on long-term variables, such as
automobile crashes, lost work days, or
glycosylated hemoglobin. Consequently,
booster and nonbooster BGAT subjects
were collapsed in comparison with con-
trol subjects for such variables. Addition-
ally, although subjects whose hand-held
computer data were unreliable were not
analyzed for accuracy of BG estimation,
these subjects were included when ana-
lyzing glycosylated hemoglobin and au-
tomobile crashes.

RESULTS

Effects of BGAT and booster
training on BG estimation accuracy
A univariate A NOVA on the accuracy
indexes for BGAT plus booster, BGAT,
and control subjects (39, 30, and 26%,
respectively) yielded significant results
(F = 7.02, P < 0.001). Planned con-
trasts indicated that BGAT plus booster
subjects were superior to both BGAT
(t = 2.49, P = 0.01) and control (t =
3.64, P = 0.000) subjects. BGAT sub-
jects exhibited a trend toward superior
estimation of their BG levels compared
with control subjects (t = 1.13, P =
0.10).

Of specific interest was whether
BGAT improves subjects' ability to detect
hypoglycemia over the long term. The

Figure 1—Percentage detection of hypoglyce-
mia (BG < 2.7 mM) at long-term follow-up for
past control subjects and BGAT subjects who did
and did not receive booster training.

percentage of low BGs (<2.8 mM) de-
tected by BGAT plus booster, BGAT, and
control subjects was 85, 50, and 43%,
respectively. Overall, this was significant
(F = 4.29, P < 0.02), with BGAT plus
booster better than either BGAT (P <
0.02) or control subjects (P < 0.01; Fig.
1). This would suggest that although a
trend exists for the original BGAT sub-
jects to be better at estimating their BG
levels, subjects who received BGAT with
booster training were more accurate in
general and specifically more aware of
their hypoglycemia.

Ancillary long-term effects of BGAT
Long-term improvement in glycosylated
hemoglobin was analyzed with a 2 X 2
(pre-BGATvs. follow-up; BGAT vs. con-
trol, respectively) A NOVA. This revealed
no group effect, but a significant time
effect (F = 9.48, P <0.005), indicating
both groups showed improved hemoglo-
bin from baseline (Fig. 2).

Although BGAT did not lead to
fewer self-reported lost work days, BGAT
was associated with significantly fewer
automobile crashes. Respective crash
rates per 1,000,000 miles driven were
6.8 vs. 29.8 (U = 77.5, P = 0.01). Of
the control subjects who drove (one sub-
ject did not drive), 42% had at least one
automobile crash during follow-up. In
contrast, only 15% of our BGAT subjects
who drove had accidents. One subject in
each group had two accidents. The re-
maining subjects in both groups had

only a single accident during follow-up.
The mean number of months between
the last group treatment session and ac-
cidents, for those subjects who had acci-
dents, was 14.0 months for control sub-
jects and 28.3 months for BGAT subjects
(t = 1.02, P = 0.13).

Post hoc analyses
To identify possible relationships with
follow-up accuracy index, several ex-
ploratory correlations were performed.
Follow-up accuracy index was signifi-
cantly correlated with the number of hy-
poglycemic symptoms (r = 0.48,
P < 0.001) and hyperglycemic symp-
toms (r = 0.60, P < 0.001) as quantified
by the hand-held computer (19), post-
treatment accuracy index (r = 0.55,
P < 0.001), follow-up glycosylated he-
moglobin (r = 0.30, P < 0.01), and be-
lieved ability to estimate BG levels
(r = 0.37, P = 0.02). Follow-up accu-
racy index was not correlated with the
average number of daily self-monitoring
of BG determinations or with the per-
centage of time subjects reported rou-
tinely estimating their BG before measur-
ing BG.

CONCLUSIONS— Although BGAT
was not originally designed to produce
long-term effects, these data indicate that
BGAT led to sustained improvement in
glycosylated hemoglobin and fewer au-
tomobile accidents. BGAT plus a low ef-
fort booster training led to greater gen-

HGAT Control:)
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Figure 2—Glycosylated hemoglobin from orig-
inal pretreatment data and current follow-up
data for previous control and BGAT subjects.
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eral accuracy in estimating BG and
detecting hypoglycemia in particular. Al-
though improved metabolic control is
important, it was not unique to BGAT.
Our control subjects, who participated in
general diabetes education classes, also
showed a sustained metabolic improve-
ment. This would suggest that both
group programs were effective in sustain-
ing improved self-care behaviors. How-
ever, because we did not have a no-
treatment control group, we cannot rule
out the possibility that the simple pas-
sage of time was responsible for this im-
provement.

One of the more interesting find-
ings of this study is that BGAT may lead
to fewer automobile accidents. Our re-
cent experimental study (19) demon-
strates that moderate hypoglycemia (2.8
mM) was associated with multiple signif-
icant disruptions in driving performance.
In that study, we reported that only 50%
of the subjects who were made moder-
ately hypoglycemic were aware that they
should not drive. Our current data sug-
gest that the effect of BGAT is to increase
awareness of when not to drive. The po-
tential of such an effect might be made
more robust if periodic booster training
were provided.

Findings from the Diabetes Con-
trol and Complications Trial (20) indi-
cate that normalization of BG is associ-
ated with significant reduction in risk of
long-term diabetic complications, but it
is also associated with an increased risk
of severe hypoglycemia. The fact that a
relatively simple and inexpensive booster
training increased detection of BGs <2.8
mM may have significant implications
for those individuals pursuing normal-
ization of metabolic control. Because the
occurrence of severe hypoglycemia has
been demonstrated to impair driving
performance (19) and repeated episodes
of severe hypoglycemia has been associ-
ated with brain damage (21-23), a sim-
ple procedure such as BGAT and peri-
odic booster training may be beneficial in
reducing risks associated with normal-
ization of BG control.

This study also demonstrates the
need to collect field data using a proce-
dure, such as the hand-held computer,
capable of identifying unreliable data.
Five subjects (12%) in our sample were
dropped from analysis because they ap-
parently provided unreliable data. After
identifying unreliable data, we contacted
these subjects to confirm that they had
either measured their BG before entering
their estimates or entered fabricated BG
readings. In all cases, suspicions raised
by the computer were confirmed by the
interview.

Because BGAT has been repeat-
edly demonstrated to improve detection
of BG levels, and our current study has
indicated that it has a significant long-
term benefit, future research should fo-
cus on training that specifically incorpo-
rates periodic practice and therefore
enduring benefits. This study suggests
that such training may be accomplished
by incorporating the simple procedure of
periodic booster-training diaries. Explor-
atory correlations suggest that such train-
ing would be most effective with those
patients who have the largest number of
BG-relevant symptoms and those with
the highest posttraining accuracy.
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