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OBJECTIVE — To evaluate once- and twice-daily self-monitored blood glucose testing strat-
egies in assessing glycemic control and detecting hypoglycemia or hyperglycemia in patients
with stable insulin-treated type 2 diabetes.

RESEARCH DESIGN AND METHODS — Subjects with stable insulin-treated type 2
diabetes monitored blood glucose four times daily (prebreakfast, prelunch, predinner, and
bedtime) for 8 weeks. We correlated mean blood glucose values with HbA | measured after 8
weeks and determined the number of hypoglycemic (=3.33 mmol/l) and hyperglycemic
(=22.20 mmol/D) readings captured at the various testing times.

RESULTS — A total of 150 subjects completed the monitoring period; their average age was
67 years, 90% were men, and the mean HbA, _ at baseline was 8.0 = 1.8%. The overall corre-
lation of glucose testing and HbA, . was 0.79 (P < 0.0001). Mean blood glucose values for each
of the four once-daily testing strategies were significantly correlated with HbA . (r = 0.65-0.70,
P < 0.0001), as were mean blood glucose values for each of the six twice-daily testing strategies
(r = 0.73-0.75, P < 0.0001). The prebreakfast/prelunch measurements captured the largest
proportion (63.6%) of the hypoglycemic readings, the predinner/bedtime measurements cap-
tured the largest proportion (66.2%) of hyperglycemic readings, and the prelunch/predinner
measurements captured the largest proportion (57.7%) of all out-of-range readings.

CONCLUSIONS — Twice-daily testing strategies, particularly prelunch/predinner, effec-
tively assess glycemic control and capture a substantial proportion of out-of-range readings.
However, personal testing strategies will vary depending on an individual’s risk for hypoglyce-
mia and hyperglycemia.
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he American Diabetes Associa- enough to facilitate the goals of achiev-

tion (ADA) recommends that self-
monitoring of blood glucose
(SMBG) be done on a regular basis for
insulin-treated patients with type 2 dia-
betes (1). Testing should be frequent

ing appropriate glycemic control and to
detect asymptomatic hypoglycemia (1).
More frequent monitoring may be ap-
propriate for poorly controlled patients
and for patients who adjust their pre-
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meal short-acting insulin. Stable pa-
tients who do not adjust insulin doses
require less intensive testing. However,
the optimal SMBG testing strategy for
these patients is unknown.

Data from the third National Health
and Nutrition Examination Survey
(NHANES 1II), collected between 1991
and 1994, provided information on the
testing practices of insulin-treated pa-
tients (2). Only 39.1% of those perform-
ing SMBG tested their sugars daily. Fewer
than 10% reported testing two or more
times per day, and poorly controlled pa-
tients did not test more frequently than
well-controlled patients. These results
suggest that insulin-treated patients with
type 2 diabetes may not be performing
SMBG often enough to achieve optimal
glycemic control or to avoid hypoglyce-
mia, and certainly not often enough to
make frequent insulin adjustments.

The ADA has recommended that ef-
forts be made to substantially increase the
appropriate use of SMBG (1). The uncer-
tainties about the frequency and timing of
SMBG in type 2 diabetes and the relatively
poor compliance with frequent monitor-
ing suggest that strategies are needed to
enhance compliance. Additionally, test-
ing strategies must obtain sufficient data
to accurately assess glycemic control and
patterns of hypoglycemia and hypergly-
cemia. The purpose of this study is to
evaluate once- and twice-daily SMBG
testing strategies compared with four-
times daily testing in assessing glycemic
control and detecting hypoglycemia or
hyperglycemia in patients with stable in-
sulin-treated type 2 diabetes.

RESEARCH DESIGN AND

METHODS — Subjects were part of
the prospective, multicenter, 1-year ob-
servational Diabetes Outcomes in Veter-
ans Study. The study evaluated the role of
psychosocial, clinical, and demographic
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variables in predicting glycemic control,
as measured with HbA, .. The study pop-
ulation was comprised of veterans receiv-
ing care at the New Mexico VA Health
Care System in Albuquerque, NM; the
Carl T. Hayden VA Medical Center in
Phoenix, AZ; and the Southern Arizona
VA Health Care System in Tucson, AZ.
Inclusion criteria for the study were type
2 diabetes diagnosed after age 35 years,
therapy with long-acting insulin, and
mental competence. We further required
stable glycemic control, defined as either
not having received new oral agents or not
having adjusted insulin doses by >10%
or >15 units in the preceding 2 months.
Subjects were excluded if they were not
enrolled in primary care, had a history of
diabetic ketoacidosis, were titrating insu-
lin doses, were unable to test blood glu-
cose regularly, were unlikely to survive 1
year, or abused alcohol or other sub-
stances. Other exclusion criteria included
chronic liver or pancreatic disease,
chronic infectious diseases, endocrinopa-
thies other than diabetes that affected glu-
cose homeostasis, immunocompromised
states, and treatment with glucocorticoids
or an insulin pump.

We randomly selected potentially el-
igible subjects from electronic pharmacy
profiles reporting prescriptions for at least
one daily injection of long-acting insulin.
We reviewed medical records to deter-
mine eligibility and contacted the primary
care provider of each eligible subject for
approval to enter the subject into the
study. All study participants provided in-
formed consent. The institutional review
boards at each medical center approved
the study protocol.

At the baseline visit, we obtained data
from study subjects on demographics,
socioeconomic status, mental status, psy-
chological profiles, diabetes complica-
tions and treatments, hypoglycemic
medications, comorbidity, and barriers to
care. Patients were observed obtaining an
SMBG reading and given further training
if necessary. We measured HbA, . and in-
structed subjects to test their blood glu-
cose prebreakfast, prelunch, predinner,
and at bedtime everyday for 8 weeks.
Whole-blood readings were obtained
with Comfort Curve test strips and an
AccuChek Complete electronic blood
glucose meter (Roche Diagnostics, India-
napolis, IN). The meter, which is cali-
brated to give plasma-like values, can
store 1,000 readings. The SD for low

readings with this monitoring system is
0.15 mmol/l (3). Subjects returned at 4
and 8 weeks to download meters and
measure HbA, .. HbA,. was measured at
each study site with a Tosoh high-
performance liquid chromatography
method. The normal range for HbA,,
with this assay is 4—6%, and the coeffi-
cient of variation is 4.7% for low controls
(HbA,,. 5%) and 2.8% for high controls
(HbA,. 10.2%). We encouraged patients
to comply with the testing protocol but
provided no treatment recommenda-
tions.

Statistical analysis

Blood glucose meter data were down-
loaded and entered into an Access data-
base. We used descriptive statistics to
assess patient characteristics, including
age, race/ethnicity, diabetes duration,
treatment, control, and compliance with
testing. Because we were interested in
four-times daily testing results, we ex-
cluded subjects who missed either 4 or
more consecutive days of monitoring or
who obtained four daily readings fewer
than 7 days during the study period.

We determined mean blood glucose
values and SDs for each individual testing
time, for each combination of twice-daily
testing, and for all four testing times com-
bined. We also evaluated once-daily test-
ing strategies by rotating the analyzed
testing time result each successive day,
beginning with prebreakfast on the first
day and ending with bedtime on the
fourth day. Similarly, we evaluated rotat-
ing testing times for twice-daily testing
strategies by analyzing results obtained
from alternating days of 1) prebreakfast/
predinner readings with prelunch/
bedtime readings, 2) prebreakfast/
prelunch with predinner/bedtime, and 3)
prebreakfast/bedtime with prelunch/
predinner. Bivariate linear regression was
performed to determine the correlation of
mean blood glucose readings for various
times of day with the 8-week HbA .

We also described the occurrence of
hypoglycemic readings (defined as blood
glucose =3.33 mmol/l) and hyperglyce-
mic readings (defined as blood glucose
=22.20 mmol/l). We used the McNemar
test to compare the yield of out-of-range
readings captured by the various twice-
daily testing strategies. Statistical tests
were performed with the Statistica soft-
ware package (4).

Hoffman and Associates

Table 1—Subject characteristics

Characteristics
n 150
Age (years) 65.6 9.6
Sex (male) 95%
Ethnicity/race
Non-Hispanic white 73%
Hispanic 15%
African-American 10%
Other 2%
Duration of diabetes (years) 14.6 = 9.5
Long-acting insulint
NPH 67%
Ultralente 3%
70/30 Insulin 30%
Lente 2%
Duration of insulin treatment 8.1*8.2
(years)
Mean daily insulin dose (units)  66.6 * 49.4
Mean daily number of insulin 2.1+0.6
doses
Oral agents 33%
Baseline HbA, . (%) 80*+18

Data are means *= SD, unless otherwise indicated.
tTotal exceeds 100% because some patients were
using NPH in the evening and 70/30 insulin in the
morning.

RESULTS — We enrolled 247 subjects
into the blood glucose meter study, and
212 subjects completed the 8-week mon-
itoring period. We excluded 48 subjects
for noncompliance and an additional 14
subjects whose follow-up HbA |, was not
obtained by 4 days after the end of mon-
itoring. Table 1 shows the baseline char-
acteristics of the 150 study subjects who
completed the monitoring protocol. Sub-
jects were elderly men with longstanding
diabetes and high daily insulin require-
ments.

Study participants obtained, on aver-
age, 187 of the 224 required glucose read-
ings (84.2%) during the 8-week testing
protocol, representing 28,956 prospec-
tively collected measurements. The over-
all mean = SD for all glucose readings was
9.55 = 2.2 mmol/l and for HbA,_ mea-
sured at 8 weeks was 7.48 = 1.43%. The
correlation coefficient between the mean
glucose from all four testing times com-
bined and the 8-week HbA,. was 0.79
(P < 0.0001). The correlation coefficients
between mean glucose and HbA, . for the
once-daily testing strategies are shown in
Table 2. The correlation coefficients
ranged from 0.65 to 0.70, explaining 42—
49% of the variance in HbA,_, and were
all highly significant. The correlation co-
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Blood glucose testing strategies

Table 2—Correlation of mean glucose by testing time(s) of day with 8-week HbA;

Testing time Glucose (mmol/l) Correlation coefficient P

Prebreakfast 8.50 = 2.39 0.67 <0.0001
Prelunch 042 =254 0.67 <0.0001
Predinner 9.70 = 2.68 0.70 <0.0001
Bedtime 10.75 £ 2.51 0.65 <0.0001
Prebreakfast/prelunch 8.93 £2.26 0.73 <0.0001
Prebreakfast/predinner 9.08 £2.31 0.75 <0.0001
Prebreakfast/bedtime 053 +2.12 0.75 <0.0001
Prelunch/predinner 0.56 = 2.45 0.74 <0.0001
Prelunch/bedtime 10.09 + 2.24 0.74 <0.0001
Predinner/bedtime 10.21 £ 2.40 0.74 <0.0001

Data are means = SD.

efficients between mean glucose and
HbA,, for the twice-daily testing strate-
gies are also shown in Table 2. The corre-
lation coefficients ranged from 0.73 to
0.75, explaining 53-56% of the variance
in HbA,, and were all highly significant.

We found that 2% of all glucose read-
ings were =3.33 mmol/l, and 64% of the
subjects recording at least one hypoglyce-
mic reading. Nearly 1% of all glucose
readings were =22.20 mmol/l, and 38%
of the subjects recorded at least one hy-
perglycemic reading. The proportions of
out-of-range readings— hypoglycemic,
hyperglycemic, and combined
captured by each of the single and twice-
daily testing strategies are shown in Table
3. The prebreakfast/prelunch measure-
ments captured the largest proportion of
the hypoglycemic readings, although the
yield from prelunch/predinner testing
was statistically equivalent. The predin-
ner/bedtime measurements captured the
largest proportion of hyperglycemic read-
ings and produced a statistically higher
yield than any other testing strategy. Fi-
nally, the prelunch/predinner measure-
ments captured the largest proportion of
all out-of-range readings, although the
yields from prebreakfast/prelunch and
prelunch/bedtime testing were statisti-
cally equivalent.

We evaluated the possible benefit of
varying the time of the measurements in
the once- and twice-daily testing strate-
gies. Rotating the once-daily testing strat-
egies increased the correlation with
HbA,. to 0.75, explaining 56% of the
variance in HbA |, and captured 26.4% of
hypoglycemic readings, 20.1% of hyper-
glycemic readings, and 24.2% of all out-
of-range readings. When we rotated the
twice-daily testing strategies, the overall

correlations with HbA,_ also increased,
ranging from 0.77 to 0.79, and 59-62%
of the variance in HbA,. could be ex-
plained. The rotating strategy of pre-
breakfast/predinner alternating with
prelunch/bedtime captured 51.9% of hy-
poglycemic readings, 50.6% of hypergly-
cemic readings, and 51.4% of all out-of-
range readings. However, the fixed
strategy of daily prelunch/predinner test-
ing captured a significantly greater pro-
portion of hypoglycemic readings
(60.2%, P < 0.009) and total out-of-
range readings (57.7%, P < 0.02), al-
though the proportion of hyperglycemic
readings was similar (52.8%, P = 0.66).
Rotating the other twice-daily strategies,
prebreakfast/prelunch with predinner/
bedtime and prebreakfast/bedtime with
prelunch/predinner, also slightly in-
creased the correlation with HbA, .. How-

ever, these strategies captured significantly
fewer hypoglycemic readings and out-of-
range readings than daily prelunch/
predinner testing.

CONCLUSIONS — We evaluated 8
weeks of prospectively collected blood
glucose meter readings from a population
of stable insulin-treated patients with type
2 diabetes, comprised mostly of older
men with fair glycemic control. Overall
mean blood glucose results from the four
daily conventional testing times, pre-
breakfast, prelunch, predinner, and
prebedtime, were each significantly cor-
related with HbA | measured at the end of
the 8-week monitoring period. The corre-
lation coefficients between HbA, . and the
means of the four once-daily testing strat-
egies ranged from 0.65 to 0.70 (all statis-
tically significant). The correlation
coefficients further increased (range
0.73-0.75) with the twice-daily testing
strategies (all statistically significant). Ro-
tating once- and twice-daily testing strat-
egies produced marginally higher
correlation coefficients (range 0.77-
0.79).

We found that out-of-range readings
were commonly recorded. The highest
proportion of hypoglycemic readings oc-
curred prelunch, and the highest propor-
tion of hyperglycemic readings occurred
at bedtime. Each of the twice-daily testing
strategies captured different proportions
of these out-of-range readings. The com-
binations of testing prebreakfast/
prelunch and prelunch/predinner

Table 3—Proportion of out-of-range readings captured by testing time(s)

Hypoglycemic
Testing time readings (%)
Readings (n) 530
Prebreakfast 24.7
Prelunch 38.9
Predinner 213
Bedtime 15.1
Prebreakfast/prelunch 63.6*
Prebreakfast/predinner 46.0
Prebreakfast/bedtime 39.8
Prelunch/predinner 60.2*
Prelunch/bedtime 54.0
Predinner/bedtime 36.4

Hyperglycemic Out-of-range
readings (%) readings (%)
269 799
12.6 20.7
21.2 32.9
31.6 24.8
34.6 21.7
33.8 53.67
44.2 45.2
472 423
52.8 57.7%
55.8 54.6T
66.2F 46.4

*Results from these testing times are statistically equivalent and have a significantly higher yield of hypo-
glycemic readings (=3.33 mmol/l) than all other testing strategies. tResults from these testing times are
statistically equivalent and have a significantly higher yield of out-of-range readings than all other testing
strategies. ¥Results from this testing time have a significantly higher yield of hyperglycemic readings (=22.20

mmol/l) than all other testing strategies.
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captured the highest yield of hypoglyce-
mic readings. Testing predinner/
prebedtime captured the highest yield of
hyperglycemic readings. The highest
yield of out-of-range readings came from
the combination of testing prelunch/pre-
dinner, followed by prelunch/bedtime
and prelunch/prebreakfast. Overall, the
prelunch/predinner testing strategy was
the most effective because it captured the
highest yield of out-of-range readings and
hypoglycemic readings and the second
highest yield of hyperglycemic readings.
Compared with prelunch/predinner test-
ing, the rotating strategies for twice-daily
testing captured significantly fewer hypo-
glycemic and out-of-range readings.

Our results have implications for glu-
cose-monitoring strategies. Although the
ADA recommends blood glucose meter
testing frequently enough to assess glyce-
mic control and reduce the risk of hypo-
glycemic events, testing compliance is
often poor. The majority of subjects in the
NHANES III were testing less than once
daily (2). When testing infrequently, pa-
tients often obtain only morning fasting
readings. Although these values can be
highly correlated with glycemic control
(5-8), we found that correlations with
HbA , were equally high for the prelunch,
predinner, and bedtime readings.

Avignon et al. (9) also reported that
fasting plasma glucose levels were not
necessarily the best predictors of glycemic
control. These investigators measured
HbA,. and four readings of plasma glu-
cose (prebreakfast, prelunch, postlunch,
and extended postlunch) during a single
day in 66 non—insulin-treated outpatients
with type 2 diabetes. The postlunch read-
ings were most correlated with HbA, .
(r = 0.81, P = 0.009), followed by the
extended postlunch readings (r = 0.78,
P = 0.032). The prebreakfast readings
were not significantly correlated (r =
0.62, P = 0.079), and the authors con-
cluded that the postlunch readings
should be used to supplement or replace
the fasting readings. Other investigators
have reported similar findings (10,11).
However, all of these studies were limited
because subjects were studied for only 1
day and in a controlled laboratory setting.
Our results are more generalizable to clin-
ical care because we were able to demon-
strate associations between glycemic
control and multiple glucose measure-
ments obtained over a much longer study

period in subjects who were not in a con-
trolled research setting.

Choosing an effective glucose-
monitoring strategy also depends on cap-
turing out-of-range readings. We found
no literature looking at the yield of com-
bining multiple testing times to detect hy-
poglycemic or hyperglycemic readings.
Our findings suggest that twice-daily test-
ing strategies can capture a substantial
proportion of out-of-range readings, par-
ticularly the prelunch/predinner read-
ings, and present a reasonable alternative
to four-times daily testing. Rotating strat-
egies captured fewer out-of-range read-
ings than the prelunch/predinner testing
strategy. With twice-daily testing, there is
no optimal strategy for capturing both hy-
poglycemic and hyperglycemic readings.
Therefore, testing strategies will be based
on the individual’s risk for hypoglycemia
or hyperglycemia.

There were some limitations to our
study. Subjects were predominantly older
male veterans with type 2 diabetes, and all
were using long-acting insulin. Results
may not be applicable in other popula-
tions, especially for patients treated with
diet alone or oral hypoglycemic agents.
We did not obtain delayed postprandial
readings throughout the day, although
the bedtime readings were usually ob-
tained ~3 h after the evening meal. The
postmeal glucose excursions captured by
postprandial readings are hypothesized to
better explain glycemic control, and re-
sults from these testing times may be bet-
ter correlated with HbA,. (12). We also
did not evaluate whether subjects with
hypoglycemic readings were symptom-
atic. Our study design, however, was con-
sistent with the ADA objective of using
SMBG to detect asymptomatic hypoglyce-
mia (1). Medications can be adjusted
based on the timing and frequency of
these hypoglycemic readings, potentially
preventing symptomatic episodes. Hypo-
glycemic readings were often recorded in
our study; without data on symptoms, we
may have overestimated their occurrence.
However, the AccuChek Complete mon-
itoring system is very precise (3), and the
mean hypoglycemic reading in our study
was 2.18 * 0.48 mmol/l (means * SD).
This suggests that the great majority of
hypoglycemic readings (=3.33 mmol/l)
were accurate.

We found that readings obtained
from once- and twice-daily testing strate-
gies were almost as highly correlated with

Hoffman and Associates

HbA,. as readings obtained from four-
times daily testing. For patients perform-
ing once-daily testing, a rotating strategy
(alternating testing times on successive
days) could explain more of the variance
in HbA, . than any of the fixed once-daily
testing strategies. The rotating once-daily
testing strategy also captured nearly a
quarter of the out-of-range readings, sug-
gesting that patients testing once daily
should obtain readings from different
times of day. The twice-daily testing strat-
egies explained a significant amount of
the variance in HbA, . and captured a sub-
stantial proportion of hypoglycemic and
hyperglycemic readings. Measuring pre-
lunch/predinner readings appeared to be
the best overall twice-daily testing strat-
egy because the correlation with HbA,
was high (r = 0.74) and these measure-
ments captured the statistically highest
yield of hypoglycemic and combined out-
of-range readings. By rotating the timing
of the twice-daily strategies, we explained
more of the variance in HbA . than any of
the fixed twice-daily strategies, but the
yield in capturing out-of-range readings
decreased by ~10%. However, the ro-
tating strategies, particularly alternating
prelunch/predinner with prebreakfast/
bedtime readings, are intuitively appeal-
ing because medication adjustments can
target glucose readings at different times
of day.

Our findings are relevant to clinical
practice because the NHANES III re-
ported that ~60% of insulin-treated pa-
tients with type 2 diabetes tested at least
once weekly, including 39.1% who tested
everyday (2). Although we do not know
whether these testing patterns are appro-
priate for individual patients, our strate-
gies are reasonable for optimizing the
yield of testing for the many patients who
are testing at these frequencies. Personal
testing strategies, however, will vary de-
pending on an individual’s risks for hypo-
glycemia and hyperglycemia. Further
prospective studies are needed to evaluate
the efficacy, safety, and compliance of
these testing strategies.
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