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OBJECTIVE — The objective of this study was to assess the impact of active versus usual
monitoring of algorithmic insulin titration and point-of-care (POC) versus laboratory HbA1c

(A1C) measurement on glycemic control in primary care.

RESEARCH DESIGN AND METHODS — The Glycemic Optimization with Algo-
rithms and Labs at Point of Care (GOAL A1C) study was a 24-week, randomized, parallel-group,
four-arm, open-label study of 7,893 adults with type 2 diabetes uncontrolled by oral antidiabetic
agents and requiring insulin. Patients were randomly assigned by investigators from 2,164 sites
in the U.S. to insulin glargine with either 1) usual (no unsolicited contact between visits) insulin
titration using a simple algorithm with laboratory A1C testing, 2) usual titration with POC A1C
testing, 3) active (weekly monitored) titration with laboratory A1C testing, or 4) active titration
with POC A1C testing. Outcome measures included a change in A1C and fasting self-monitoring
of blood glucose (SMBG) levels, percentage of patients achieving A1C �7.0%, and hypoglycemia
frequency.

RESULTS — Significant A1C and SMBG reductions were observed in all arms (P � 0.0001).
Compared with usual insulin titration, active titration achieved greater A1C reduction (1.5 vs.
1.3%; P � 0.0001), SMBG reduction (88 vs. 79 mg/dl; P � 0.0001), and proportion of patients
achieving A1C �7.0% (38 vs. 30%; P � 0.0001). Among patients receiving active titration, POC
A1C testing was associated with an increase in the proportion achieving an A1C �7.0% (41% for
POC vs. 36% for laboratory; P � 0.0001). Hypoglycemia rates were low (usual vs. active groups:
3.7 vs. 6.0 all confirmed episodes/patient-year [P � 0.001]; 0.09 vs. 0.14 severe episodes/
patient-year [NS]).

CONCLUSIONS — In a predominantly primary care setting, addition of insulin glargine
using a simple algorithm achieved significant improvements in glycemic control in patients with
type 2 diabetes in all four study arms. Active titration resulted in significant incremental im-

provements in glycemic control, and, among
patients receiving active titration, POC A1C
testing resulted in a greater portion achieving
A1C �7.0%.

Diabetes Care 29:1–8, 2006

Combination therapy with basal insu-
lin and oral antidiabetic agents can
safely improve glycemic control (1–

3); however, insulin is often delayed or
inadequately titrated in patients with type
2 diabetes, resulting in failure to achieve
glycemic targets (4,5). Recently, a forced-
titration algorithm for basal insulin was
shown to be effective in reducing HbA1c

(A1C) in two large multicenter clinical tri-
als (2,6). Both trials used the same titra-
tion algorithm, but only in the trial in
which algorithm adherence was actively
monitored was an average A1C level of
�7.0% achieved in the majority of pa-
tients. We seek here to formally test the
impact of active versus usual monitoring
of algorithm adherence.

Another monitoring approach that
may improve glycemic control is point-
of-care (POC) A1C testing. The immedi-
ate availability of an A1C result during an
office visit may enhance the ability to
make timely and appropriate adjustments
to therapy and facilitate patient education
(7,8). The anticipated benefits of POC
A1C testing compared with routine A1C
testing have yet to be demonstrated con-
vincingly (9).

The Glycemic Optimization with Al-
gorithms and Labs at Point of Care (GOAL
A1C) study was designed to examine the
influence of active (weekly monitored) in-
sulin titration versus usual titration of in-
sulin glargine using a simple titration
algorithm and office-based POC A1C test-
ing versus laboratory A1C testing on gly-
cemic control in patients with type 2
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diabetes uncontrolled by oral antidiabetic
therapy. Secondary objectives were to
evaluate whether such treatment strate-
gies to facilitate achievement of glycemic
goals could be readily implemented in a
predominantly primary care setting and
to assess demographic and epidemiologic
characteristics in a large nationwide sam-
ple of patients with type 2 diabetes.

RESEARCH DESIGN AND
METHODS — Eligible patients in-
cluded men and women 18 years of age or
older who had a diagnosis of type 2 dia-
betes for at least 1 year, had inadequate
glycemic control (A1C �7.0%) despite
diet, exercise, and oral antidiabetic
agents, and were identified by their phy-
sicians as candidates for starting insulin.
Patients had to be taking stable doses of
their current oral antidiabetic medica-
tions for at least 2 months before
randomization.

Exclusion criteria included severe
heart failure (cardiac status New York
Heart Association Classification III–IV),
known clinically significant renal or he-
patic disease (serum creatinine �3.0
mg/dl [�265.2 �mol/l] or serum gluta-
mate pyruvate transaminase �2.5 times
upper limit of normal range), pregnancy
or lactation, malignancy within the last 5
years (except adequately treated basal cell
carcinoma), dementia, hypersensitivity to
insulin glargine, or any other condition
that could interfere with study comple-
tion. Patients treated with metformin who
had impaired renal function (shown by,
but not limited to, serum creatinine �1.5
mg/dl for men or �1.4 mg/dl for women)
were excluded. Because of an unexpect-
edly large number of exclusions resulting
from elevated creatinine concentrations
concurrent with metformin therapy (10),
the protocol was amended after 498 ran-
domized patients to allow such patients to
continue the protocol provided that met-
formin was discontinued.

This was a 24-week, randomized,
parallel-group, four-arm, open-label
study conducted between 26 March 2002
and 30 September 2003 at 2,164 sites in
the U.S. The protocol was reviewed and
approved by local ethical review commit-
tees/institutional review boards. Each
study site was to randomly assign four pa-
tients (i.e., one patient to each study arm).

Eligible patients gave informed con-
sent and were consecutively and immedi-
ately randomly assigned (no screening
period) through a telephone interactive
voice response system to begin algorith-

mic titration of insulin glargine in one of
the following arms: 1) usual titration of
insulin glargine and laboratory A1C test-
ing, 2) usual titration and POC A1C test-
ing, 3) active titration and laboratory A1C
testing, or 4) active titration and POC
A1C testing.

“Usual titration” was defined as pa-
tient instruction at study visits (every 6
weeks) but no unsolicited patient contact
between visits. Active titration was de-
fined as weekly patient contact (via tele-
phone, E-mail, or fax) to evaluate general
well-being, review glucose values, and re-
inforce the insulin titration and follow-up
visit schedule, in addition to instruction
at study visits occurring every 6 weeks.
Self-monitoring of blood glucose (SMBG)
levels, insulin dose changes, and hypogly-
cemic events were documented on titra-
tion sheets and faxed weekly by study
coordinators at each site to the centralized
study monitor. At each visit, patients in
the POC A1C arms had A1C values tested
via fingerstick using the A1cNow monitor
(Metrika, Sunnyvale, CA). Patients in the
central laboratory A1C testing arms
(Quest Diagnostics Clinical Trials Labora-
tory, Van Nuys, CA) did not have current
A1C values available at study visits. The
laboratory A1C value was measured at
each visit and then made available to the
physician within 2 or 3 days; among pa-
tients assigned to usual titration with lab-
oratory A1C testing, this value may not
have been acted upon until the subse-
quent study visit (because there was no
unsolicited patient contact).

Protocol and study medications
Clinic visits occurred at study initiation
(visit 1) and every 6 weeks up to 24 weeks
(visits 2–5). Visit 1 included a complete
medication history, urine pregnancy test,
serum chemistry (i.e., serum glutamate
pyruvate transaminase and serum creati-
nine by venipuncture), monofilament
testing, and fasting SMBG and A1C mea-
surements (via fingerstick and capillary
collection tube) by both POC testing (to
determine eligibility before randomiza-
tion) and laboratory testing. Efficacy as-
sessments were based on the laboratory
A1C values (visits 1 and 5 only for pa-
tients assigned to POC testing; visits 1–5
for patients assigned to laboratory A1C
testing) and fasting SMBG values (mea-
sured once daily before breakfast). SMBG
was assessed using the Accu-Chek Ad-
vantage glucose meter (Roche Diagnos-
tics, Laval, Quebec, Canada), which
converted the fingerstick capillary blood

glucose values to plasma glucose values.
Vital signs were recorded at each visit, and
weight, BMI, and diabetes complications/
risk factors were recorded at visits 1 and
5. Safety assessments included any ad-
verse events or hypoglycemic episodes
throughout the study.

Patients were to continue their oral
antidiabetic agents at a fixed dose (dose at
randomization). Thiazolidinediones
(TZDs) were discontinued at or before
randomization because of concerns about
their use with insulin (11,12). Thus, with
the exception of TZDs and, in some cases,
metformin, patients continued their oral
antidiabetic agents and received long-
acting (24-h) basal insulin glargine (Lan-
tus; Aventis Pharmaceuticals) once daily,
subcutaneously, at bedtime. Patients were
instructed on insulin administration and
provided with a one-page instructional
pamphlet on the dose titration (APPENDIX

1). The starting dose of insulin glargine
was 10 IU/day, titrated weekly until the
average of the last 2–4 days of morning
fasting SMBG values was �100 but �70
mg/dl. Insulin was increased by 0–2, 2, 4,
6, or 8 units for corresponding mean fast-
ing SMBG �100–�120 mg/dl, �120–
�140 mg/dl, �140 –�160 mg/dl,
�160–�180 mg/dl, and �180 mg/dl, re-
spectively. If the fasting SMBG value was
�70 mg/dl, the insulin dose was de-
creased to the previous lower dose. If se-
vere hypoglycemia (e.g., SMBG �36 mg/
dl) occurred, upward titration was
stopped for 1 week. If the A1C was
�8.0% after visit 1, the insulin glargine
dose could be increased, at the investiga-
tor’s discretion, by up to 5 additional
units to meet glycemic targets at each sub-
sequent study visit.

Outcome assessments
The primary outcome was the mean
change in A1C from baseline to end point.
Secondary outcomes included the change
in fasting SMBG from baseline to end
point and the proportion of patients
achieving A1C levels of �7.0%. The in-
fluence of baseline factors (i.e., age, sex,
race, BMI, and diabetes duration) on the
change in A1C was evaluated. Safety as-
sessments included incidence of hypogly-
cemia and other adverse events. Serious
events included those that were life
threatening or resulted in death, hospital-
ization, prolongation of hospitalization,
or persistent or significant disability or in-
capacity. Hypoglycemia was defined as a
SMBG level �70 mg/dl. Hypoglycemic
events were characterized as severe if the
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patient required assistance and 1) there
was prompt response to treatment (e.g.,
glucose or glucagon) or 2) SMBG level
�36 mg/dl. Per protocol, severe hypogly-
cemic episodes were reported as serious
events. If the SMBG level was �70 mg/dl
but did not meet the criteria for severe
hypoglycemia, it was considered moder-
ate (�50 mg/dl) or mild (�50 but �70
mg/dl). Nocturnal hypoglycemia in-
cluded episodes occurring between mid-
night and 6 A.M.

Standardization procedures
More than 2,000 investigators were to be
involved in the study; therefore, several
measures were taken to ensure consis-
tency of study procedures and accuracy of
the data. These are noted in APPENDIX 2.

Statistical methods
Randomization of 8,000 patients was es-
timated to provide 90% power to detect
an absolute treatment difference of 0.2%
in the primary outcome measure (change
in A1C). A nominal � � 0.0167 was cho-
sen to offset multiple comparisons. Pa-
tients who completed the study and had a
24-week laboratory A1C measurement
constituted the primary analysis popula-
tion. This population represents the most
complete set of data and will be the pri-
mary analysis population for subsequent

epidemiologic analyses. An intent-to-
treat (ITT) analysis with the last observa-
tion carried forward (LOCF) was not
conducted for the change in A1C, because
this parameter was only measured at base-
line and at the end point for patients in the
POC testing arms (thus, if patients did not
have an end point A1C, the baseline value
would have been carried forward, creat-
ing bias). An ITT analysis was, however,
carried out for SMBG to assure that the
results did not vary from those obtained
from the primary analysis population.
Homogeneity of baseline characteristics
across study arms was assessed using a
one-way ANOVA for cont inuous
variables, Pearson’s �2 test for discrete
variables, and the Kruskal-Wallis non-
parametric test for nonnormally distrib-
uted variables.

The primary outcome (change from
baseline in A1C) was analyzed using AN-
COVA with baseline A1C as the primary
covariate. The secondary outcome
(change in SMBG from baseline) was an-
alyzed in the same manner with baseline
SMBG as the primary covariate. APPENDIX 3
provides additional details on the statisti-
cal analyses.

The number and percentage of pa-
tients achieving the goal A1C �7.0%
were summarized descriptively. A logistic
regression model (treatment, patient

number, treatment by patient number,
and baseline A1C were included, with re-
sponder rate as the dependent variable)
was fit to the data. The SAS LOGIT pro-
cedure was used to conduct the analysis,
and significance of the effects was as-
sessed via Wald �2 statistics from a logis-
tic regression analysis (13).

The effects of demographic and epi-
demiologic factors on the primary end
point were analyzed using ANCOVA with
subgroup, treatment, and patient number
as factors and baseline A1C as a covariate.
The subgroups were stratified based on
age (�65 and �65 years), BMI (�28
kg/m2 [normal to slightly overweight],
28–40 kg/m2 [overweight to obese], and
�40 kg/m2 [extremely obese], respec-
tively), diabetes duration (�5 and �5
years), and race. P values for pairwise
comparisons in these subgroup analyses
were interpreted descriptively.

Safety assessments were based on the
population of patients who were random-
ized, received study medication, and had
follow-up data. The proportions of pa-
tients in each treatment group reporting
at least one hypoglycemic event, severe
hypoglycemic events, and nocturnal hy-
poglycemic events were compared across
the four study arms via Wald �2 statistics
from a logistic regression analysis. The
rates of all and severe hypoglycemic

Table 1—Patient disposition randomization*

Usual titration and
laboratory A1C

Usual titration
and POC A1C

Active titration and
laboratory A1C

Active titration
and POC A1C

n 1,978 1,975 1,967 1,973
Did not start insulin† 46 39 47 37
No data beyond visit 1‡ 40 26 24 29
Safety population§ 1,892 1,910 1,896 1,909
Modified ITT population� 1,774 1,764 1,765 1,763
Reason for discontinuation

Death 4 (1.0) 9 (2.5) 7 (1.9) 6 (1.6)
Adverse events 24 (6.2) 29 (7.9) 25 (6.9) 20 (5.3)
Failed entry criteria 28 (7.2) 37 (10.1) 30 (8.3) 34 (9.1)
Withdrew consent 74 (19.1) 69 (18.9) 73 (20.1) 66 (17.6)
Treatment failure 21 (5.4) 21 (5.8) 17 (4.7) 18 (4.8)
Protocol violation 19 (4.9) 9 (2.5) 20 (5.5) 23 (6.1)
Lost to follow-up 60 (15.5) 57 (15.6) 35 (9.6) 46 (12.3)
Other reason 59 (15.2) 48 (13.2) 60 (16.5) 63 (16.8)
No reason 98 (25.3) 86 (23.6) 96 (26.4) 98 (26.2)

Population completing¶ 1,591 1,610 1,604 1,599
Primary analysis population# 1,491 1,363 1,501 1,366

Data are n or n (%). N � 7,893. *All patients were randomized by the interactive voice response system. †All randomized patients who did not take study medication
because they did not meet the inclusion/exclusion criteria. ‡Patients who took the study medication but only had data for visit 1. §All patients who were randomized,
who took the study medication, and for whom there was an opportunity to collect safety data. �All patients who were randomized, who were included in the safety
analysis population, and who either 1) had a blood glucose measurement at visit 1 before randomization and another after the start of study medication but not more
than 2 days after the end of study medication or 2) had an A1C measurement performed at an outside laboratory at visit 1 and another after the start of study
medication but not more than 7 days after the end of study medication. ¶Patients in the modified ITT population who completed the study. #Patients in the modified
ITT population who completed the study and had both baseline and end-of-study laboratory A1C values.
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events were analyzed using Poisson
regression.

RESULTS

Study investigators and sites
A total of 2,164 investigators participated
in the study. Primary care or internal
medicine physicians represented 76% of
investigators. Less than 10% of the inves-
tigators were endocrinologists, and the re-
maining 14% were categorized as “other
specialty” or “unknown.” More than half
of the 2,164 participating sites (n �
1,255) enrolled the planned four patients
each. To compensate for lower recruit-
ment rates at other sites, some sites (n �
190) were permitted to enroll up to eight
patients; 235 sites enrolled one patient,
and 123 sites enrolled eight patients.

Patient disposition
A total of 7,893 eligible patients were ran-
domized (Table 1). Of the total patients
randomized, 169 patients (2.1%) did not
take the study medication and 119 pa-
tients (1.5%) had no follow-up data; the
remaining 7,605 patients (96.4%) com-
posed the safety population. The overall
completion rate for the study was 81.0%
(n � 6,404), with no significant differ-
ences in patient disposition among the
four study arms. Of 6,404 patients, 5,721
who had a laboratory A1C measurement
at week 24 comprised the primary analy-

sis population, as defined in RESEARCH DE-
SIGN AND METHODS.

Patient characteristics
Baseline characteristics were comparable
across all study arms (Table 2). The racial
distribution of the primary analysis pop-
ulation was 71% (4,034) white, 16%
(914) black, 10% (587) Hispanic, and 3%
(172) other groups. Mean baseline BMI
was 34 kg/m2; 60% of patients had a BMI
between 28 and 40 kg/m2, and 20% had
BMI �40 kg/m2. The mean age was 57
years, with 26% (n � 1,470) of patients
aged �65 years. Across the four arms, the
mean duration of diabetes was 8.5 years,
and �28% of patients had diabetes for
�10 years. The mean fasting plasma glu-
cose level was 211 mg/dl and mean labo-
ratory A1C level was 8.9%. Baseline A1C
was �9.8% in 25% of patients and was
higher among patients who had a lower
BMI (9.1% for BMI �28 kg/m2 vs. 8.8%
for BMI �28 kg/m2) or were younger
(9.0% for those �65 years vs. 8.5% in
those �65 years). Patients who were
black or Hispanic had higher baseline
A1C levels (9.5 and 9.2%, respectively)
than white patients (8.7%) (Table 2). The
majority of patients (77%) were receiving
combination therapy, most commonly a
sulfonylurea plus metformin (40%), fol-
lowed by triple therapy with a sulfonyl-
urea, metformin, and a TZD (18%). The

distribution of oral therapy was similar
across the four arms (Table 2).

Insulin dose
Because all groups followed the same ti-
tration algorithm, the insulin dose was ti-
trated weekly and increased in a similar
pattern across the study arms; however,
the active titration groups consistently
had higher doses from week 6 onward. At
end point, the average insulin dose in the
usual titration groups was 50 IU (inter-
quartile range 24 – 66) compared with
55–56 IU (28–76) in the active titration
groups. The insulin dose at the end of the
study was significantly higher in the ac-
tive titration groups versus the usual titra-
tion groups (P � 0.001).

Primary outcome: change in A1C
A1C improved significantly from baseline
to end point in all four arms (P � 0.0001).
Patients in the usual titration groups had
mean A1C reductions of 1.3% from base-
line to end point, whereas patients in the
active titration groups achieved a mean
reduction of 1.5% (a significant incre-
mental reduction of 0.2%; P � 0.0001).
By the final study visit, mean A1C values
for the usual and active groups were 7.6
and 7.3%, respectively. Figure 1A depicts
the decline in A1C over the 24-week
study duration. The change in A1C for
groups receiving POC A1C testing versus
laboratory testing was not significantly

Table 2—Patient characteristics by treatment group

Usual titration and
laboratory A1C

Usual titration
and POC A1C

Active titration and
laboratory A1C

Active titration
and POC A1C Total

n 1,491 1,363 1,501 1,366 5,721*
Age (years) 57 � 11 57 � 12 57 � 12 57 � 11 57 � 12
Sex, male/female (%) 52/48 53/47 49/51 50/50 51/49
Race

White 1,057 (71) 968 (71) 1,026 (68) 983 (72) 4,034 (71)
Black 237 (16) 201 (15) 269 (18) 207 (15) 914 (16)
Hispanic 149 (10) 146 (11) 154 (10) 138 (10) 587 (10)
Other 45 (3) 41 (3) 51 (4) 35 (3) 172 (3)

Duration of diabetes (years) 8.4 � 6.4 8.4 � 6.4 8.6 � 6.4 8.7 � 6.4 8.5 � 6.4
BMI (kg/m2) 34.5 � 7.4 34.3 � 7.4 34.2 � 7.6 34.4 � 7.5 34.3 � 7.5
A1C (%) 8.9 � 1.5 8.9 � 1.6 8.9 � 1.6 8.8 � 1.5 8.9 � 1.5
Fasting SMBG (mg/dl) 209 � 69 212 � 71 212 � 73 209 � 68 211 � 70
Prior therapy (%)

Sulfonylurea alone 13 12 14 12 13
Metformin alone 9 8 8 8 8
TZD alone 1 1 1 1 1
Sulfonylurea 	 metformin 39 40 40 41 40
Sulfonylurea 	 TZD 4 5 5 3 4
Metformin 	 TZD 4 4 3 3 3
Sulfonylurea 	 metformin 	 TZD 18 19 17 18 18

Data are means � SD, n (%), or n unless otherwise noted. *N varies based on availability of data.
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different (P � 0.2771 and P � 0.0888 for
POC vs. laboratory testing with either
usual or active titration, respectively). In-
teraction between the type of insulin titra-
tion monitoring and the method of A1C
testing was not statistically significant.
Based on statistical analysis, there is no
evidence that the number of study sub-
jects previously treated or the treatment
arm assigned had an impact on a patient’s
outcome.

Secondary outcomes
Proportion of patients achieving A1C
<7.0%. The proportion of patients
achieving the goal A1C �7.0% was 30%
for usual titration monitoring groups ver-
sus 38% for active titration monitoring
groups (P � 0.0001). Within the active
titration group, a significantly greater pro-
portion of patients in the POC group
achieved the A1C goal than did patients in
the laboratory A1C group (41 vs. 36%;
P � 0.0001). When stratified by baseline
A1C, pairwise comparisons indicated that
a baseline A1C �8.5% was associated
with the greatest proportion (45–50%,
across study arms) of patients achieving
their A1C goal. In contrast, a baseline
A1C �10.0% was associated with only
14 –27% of patients attaining an A1C

�7.0% (Fig. 2). Within the active groups,
POC A1C testing significantly increased
the proportion of patients who achieved
A1C �7.0% for the subgroup of patients
whose baseline A1C was �10.0% (P �
0.0021 vs. laboratory A1C testing). Based
on model-adjusted estimates at the same
baseline A1C, POC testing resulted in a
greater proportion of patients achieving
the target A1C compared with laboratory
testing (for baseline A1C at the 75th per-
centile [9.7%], P � 0.0387 and for base-
line A1C at the 90th percentile [10.7%],
P � 0.0423).
Subgroup analysis for A1C. Subgroup
analysis revealed that significant reduc-
tions in A1C from baseline to end point
were observed in all study arms regardless
of baseline age, race, BMI, and duration of
diabetes. Although greater reductions in
A1C were associated with age �65 years,
BMI �28 kg/m2, and duration of illness
of �5 years, these differences did not
reach statistical significance. Medication
discontinuation was similar across the
four arms, and the change in A1C from
baseline to end point was significant re-
gardless of baseline oral antidiabetic med-
ications; however, the subgroup of
patients who discontinued TZD and/or
metformin therapy at study entry had a

higher mean A1C at end point than pa-
tients who did not discontinue oral
agents.
Change in fasting SMBG. Fasting
SMBG improved significantly from base-
line to end point in all four arms (P �
0.0001). In the usual titration groups,
mean fasting SMBG at end point was 133
mg/dl compared with 123 mg/dl in the
active titration groups. Figure 1B depicts
the decline in fasting SMBG over the 24-
week study. Patients in the usual titration
groups had mean reductions in SMBG
from baseline to end point of 77–81 mg/
dl, whereas patients in the active titration
groups achieved mean reductions of
87–89 mg/dl (a significant incremental
reduction of 9 mg/dl; P � 0.0001). The
change in SMBG for groups receiving
POC A1C testing versus laboratory test-
ing was not significantly different (P �
0.1309 and P � 0.2891 for POC vs. lab-
oratory testing with either usual or active
titration, respectively). The ITT analysis
with LOCF (as described in RESEARCH DE-
SIGN AND METHODS) for fasting SMBG
showed significant mean reductions of 79
mg/dl for the usual titration groups and
89 –90 mg/dl for the active titration
groups (P � 0.0001 from baseline to end

Table 3—Effect of baseline patient characteristics on change in A1C

N*

Usual laboratory Usual POC Active laboratory Active POC

Baseline
A1C

Change in
A1C

Baseline
A1C

Change in
A1C

Baseline
A1C

Change in
A1C

Baseline
A1C

Change in
A1C

n 1,491 1,363 1,501 1,366
Overall 5,721 8.8 –1.3 8.9 –1.3 8.9 –1.5 8.8 –1.5
Age

�65 years 4,241 9.0 –1.4 9.0 –1.4 9.1 –1.7 9.0 –1.7
�65 years 1,470 8.5 –1.0 8.6 –1.0 8.6 –1.3 8.4 –1.1

Race
White 4,034 8.7 –1.2 8.7 –1.2 8.7 –1.4 8.6 –1.5
Black 914 9.4 –1.5 9.6 –1.9 9.5 –1.9 9.3 –1.7
Hispanic 587 9.2 –1.5 9.1 –1.4 9.3 –1.7 9.2 –1.8
Other 172 9.1 –1.1 8.9 –1.1 9.7 –1.9 9.1 –1.2

Duration of diabetes
�5 years 1,653 8.8 –1.4 9.0 –1.6 8.8 –1.6 8.9 –1.8
�5 years 4,037 8.9 –1.3 8.9 –1.2 9.0 –1.5 8.8 –1.4

BMI
�28 kg/m2 1,096 9.0 –1.5 9.0 –1.4 9.2 –1.8 9.0 –1.7
28 kg/m2 � BMI �40 kg/m2 3,322 8.8 –1.3 8.9 –1.3 8.9 –1.5 8.8 –1.5
�40 kg/m2 1,176 8.8 –1.1 9.0 –1.3 8.8 –1.3 8.8 –1.5

Baseline A1C
25th percentile 7.7 –0.4 7.8 –0.3 7.8 –0.6 7.7 –0.5
50th percentile 8.5 –1.0 8.7 –1.1 8.6 –1.2 8.6 –1.3
75th percentile 9.6 –1.7 9.8 –1.7 9.8 –2.0 9.7 –2.1
90th percentile 10.8 –3.1 11 –3.4 11.1 –3.6 10.8 –3.4

*N varies based on availability of data. P � 0.01 for all age, diabetes duration, and BMI subgroups in all study arms.
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point and between active and usual
groups).
Hypoglycemia. Mild, moderate, and se-
vere hypoglycemia was reported in 33,
10, and 3% of patients, respectively. Noc-
turnal hypoglycemic events were re-
ported by �10 and 17% of patients in the
usual titration and active titration groups,
respectively. Expressed as events per pa-
tient-year, the rate of hypoglycemia
(blood glucose �70 mg/dl) was 3.7 in the
usual titration groups and �6.0 in the ac-
tive groups (P � 0.0001); the rate of mod-
erate and severe events was �0.53 and
0.09, respectively, in the usual titration
groups and 0.69 and 0.14, respectively, in
the active titration groups (NS). Overall,
only nine patients (0.1%) discontinued
participation because of treatment-
emergent hypoglycemic events.
Changes in weight and BMI. Mean in-
creases in weight and BMI ranged from
1.6 to 2.0 kg and from 0.4 to 0.8 kg/m2,
respectively, across the four study arms
(baseline to end point, P � 0.0001). No
significant differences were seen among
the arms.

Safety and tolerability
There were no unexpected findings in the
frequency or spectrum of adverse events.
A total of 2,737 (35%) patients reported
at least one treatment-emergent adverse

event (TEAE); of these, 751 (10%) re-
ported one TEAE that was assessed as
possibly related to study medication. A
total of 642 (8%) of patients reported at
least one serious TEAE. Serious TEAEs re-
ported by �0.1% of patients included, in
order of decreasing frequency: hypogly-
cemia (160 patients; 2.1%), cardiac fail-
ure (46 patients; 0.6%), chest pain (39
patients; 0.5%), coronary artery disease
(35 patients; 0.5%), cellulitis (27 patients;
0.4%), pneumonia (27 patients; 0.4%),
myocardial infarction (25 patients;

0.3%), transient ischemic attack (14 pa-
tients; 0.2%), and cerebrovascular acci-
dent (13 patients; 0.2%). Possibly related
serious TEAEs were reported in 129
(1.7%) patients; among these, only hypo-
glycemia was reported in �0.1% of pa-
tients across study arms. Overall, 95
(1.2%) patients discontinued the study
medication because of adverse events. A
total of 35 (0.4%) patients died; the ma-
jority of deaths were due to cardiovascu-
lar causes, and none were assessed by
investigators as possibly related to the
study medication.

CONCLUSIONS — This study was
designed to determine the impact of ac-
tive versus usual monitoring of the use of
a simple insulin dose titration algorithm
and POC versus laboratory A1C testing
on glycemic control and whether these
strategies could be readily implemented
in a predominantly primary care setting
for patients with type 2 diabetes who had
not achieved glycemic targets with oral
antidiabetic therapy.

With minimal instruction, patients
were able to follow the insulin dose titra-
tion algorithm and achieve significant
A1C reductions, regardless of the inten-
sity of titration monitoring. All groups
showed significant reductions in A1C
over 6 months, with significantly greater
reductions in the active titration arms
compared with the usual titration arms
(1.5 vs. 1.3%; P � 0.0001). These A1C
reductions are of clinical importance as
each 1.0% reduction corresponds to a
35% reduction in the risk of microvascu-
lar complications (14) and an 18–21%
reduction in the risk of cardiovascular
events (15,16). Although available time

Figure 1—Impact of active versus
usual titration of basal insulin
glargine on glycemic control. A:
Mean A1C over time. B: Mean
fasting SMBG over time. *For the
POC A1C arms, central labora-
tory A1C values were available at
baseline and end point only. †P �
0.0001 between the active and
usual treatment arms.

Figure 2—Percentage of patients with A1C �7.0% at week 24 in each treatment arm, stratified
by baseline A1C.
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and resources in clinical practice may
limit the application of active titration
monitoring, this approach provides a sig-
nificant but marginal benefit and may be
considered for patients whose diabetes is
most uncontrolled. Significant reductions
in A1C were achieved in all study arms
regardless of baseline age, race, BMI, or
duration of diabetes. Because laboratory
A1C testing was done only at the baseline
and end-of-study visits for the two POC
A1C testing arms, an ITT analysis was not
conducted to avoid bias. However, be-
cause SMBG was measured at every visit
in all four arms, an ITT analysis using
LOCF was conducted and demonstrated
results consistent with those of the pri-
mary analysis population.

Active titration with POC A1C testing
compared with laboratory testing resulted
in a greater proportion of patients achiev-
ing the goal A1C of �7.0% (41 vs. 36%;
P � 0.0001). Stratification by baseline
A1C levels suggested that immediate
availability of an A1C result may be more
likely to have an impact on glycemic con-
trol in patients with higher baseline A1C
values (�10.0%).

There are several notable differences
between the current study and previous
reports. More than 2,000 investigators
were involved in GOAL A1C, and the ma-
jority (75%) were research-naive primary
care physicians with busy clinical prac-
tices. Because the study assessed methods
of monitoring patient management rather
than therapeutic interventions, investiga-
tor technique had the potential to affect
outcomes. However, standardized inves-
tigator training sessions and rigorous trial
monitoring were implemented to mini-
mize variability. The insulin dosing algo-
rithm was less aggressive than that in
previous studies (2) to minimize the po-
tential of hypoglycemia; nevertheless, the
algorithm resulted in average daily insulin
doses of at least 50 IU in all four treatment
arms within 6 months. Although obtain-
ing complete glucose profiles would have
been ideal for assessing pre- and post-
prandial glucose control and hypoglyce-
mia (especially asymptomatic episodes),
we felt that, for the addition of basal insu-
lin treatment in this patient population,
limiting monitoring to one test daily be-
fore breakfast would encourage greater
compliance with the protocol. Overall,
the approach and outcomes in the large
nationwide patient sample represented in
the GOAL A1C study may more closely
reflect what can be anticipated with the
adoption of a similar insulin algorithm in

primary care clinical practices attended
by most patients with type 2 diabetes in
the U.S.

In general, the immediate availability
of an A1C value at the clinic visit (POC
testing) did not have any additional im-
pact on glycemic control beyond active
titration. This could be because insulin
dose titration was primarily driven by a
fasting SMBG target �100 mg/dl, which
may correlate with A1C �7% (17). In ad-
dition, the POC testing device was not
certified by the National Glycohemoglo-
bin Standardization Program at the time
of this study, and a post hoc analysis re-
vealed poor precision of the POC A1C
methodology when baseline POC A1C re-
sults were compared with the baseline
laboratory A1C results; this lack of preci-
sion may have resulted in diminished in-
vestigator reliance on POC A1C results
(18).

The overall safety profile of insulin
glargine was similar to or better than that
observed in prior studies of insulin ther-
apy in type 2 diabetes (2,19). Riddle et al.
(2) reported a rate of hypoglycemia (�70
mg/dl) of 9 and 13 events/patient-year for
the glargine and neutral protamine Hage-
dorn insulin groups, respectively. Rates of
severe events were �0.05 for both
groups. In the U.K. Prospective Diabetes
Study, the rate of hypoglycemic events
per year for ultralente insulin was 52–70
for any hypoglycemic events (4–12 for
severe hypoglycemic events) (19). In the
current study, the overall rate of con-
firmed episodes of SMBG �70 mg/dl was
relatively low (4–6 events/patient-year).
The rate of severe hypoglycemia in GOAL
A1C was extremely low (�0.15 event/
patient-year) with no difference across
study arms. Mild to moderate hypoglyce-
mia was reported in a significantly greater
proportion of patients who were moni-
tored weekly, probably as a result of in-
creased ascertainment by these patients.

In summary, the GOAL A1C study
demonstrates that basal insulin glargine
treatment can be initiated with ease in a
predominantly primary care setting using
a simple titration algorithm and safely re-
sults in significant A1C reduction. Addi-
tion of basal insulin therapy should be
considered in all patients with type 2 di-
abetes previously uncontrolled with oral
antidiabetic agents alone. Weekly moni-
tored (active) insulin titration resulted in
significant improvement in glycemic con-
trol compared with every 6 weeks moni-
tored (usual) titration. POC A1C may
have an additional impact compared with

laboratory monitoring among patients
with baseline A1C �10.0%. Regardless of
study arm, the majority of patients
achieved significant and clinically impor-
tant improvements in glycemic control.

APPENDIX 1

Implementation of titration
algorithm
Dose titration table. The starting dose
was 10 IU administered subcutaneously
at bedtime. Titration occurred weekly ac-
cording to the fasting SMBG value based
on the mean of the last 2–4 days’ morning
fasting SMBG values. Adjustments to the
daily basal insulin dose were made every
7 days based on fasting SMBG as shown in
Table 1A.
Patient instruction at baseline. Patients
were instructed on insulin administration
and were required to demonstrate the
self-injection technique. To simplify and
assure consistent education, all patients
received a one-page educational pam-
phlet providing instructions on the insu-
lin dose titration. Patients were also
required to demonstrate proper use of the
glucose meter and were given written in-
structions. Finally, patients were in-
structed to record all SMBG readings in
diary cards and were informed that the
meter’s memory was to be reviewed peri-
odically to check the accuracy of their glu-
cose diaries.

APPENDIX 2

Standardization procedures
The protocol, case report forms, and
study procedures were reviewed and dis-
cussed at identically structured meetings
across the U.S. In addition, 350 investiga-
tors who were unable to attend a meeting
were provided with a Web-based training
session. After these investigator training
sessions and before the shipment of study
supplies, phone calls were made to each
site to clarify any issues relating to the
protocol, procedure, or supplies. Most
study monitoring was coordinated and
conducted through a call center. All titra-
tion sheets were forwarded to a central
study coordinator (ParExel) for review.
On-site monitoring visits were made only
to sites that had reported a serious adverse
event or were found to be noncompliant
to monitoring calls. Laboratory tests were
performed by a National Glycohemoglo-
bin Standardization Program– certified
centralized laboratory (Quest Diagnostics
Clinical Trials).
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APPENDIX 3

Statistical methods
Assessment of potential carryover ef-
fect, period effect, and study arm inter-
action. The potential for a carryover
effect (as an investigator’s experience with
one study arm might influence the out-
come in subsequent study arms) was ex-
amined using ANCOVA with treatment,
previous number of patients enrolled at a
given site, and effect of prior treatments as
factors and baseline A1C as covariate.
Only the first four patients enrolled at a
site were included in the analysis.

The possibility of a period effect (i.e.,
cumulative experience might improve in-
vestigator proficiency and possibly im-
prove outcomes) was also addressed by
using ANCOVA, applying the SAS gener-
alized linear models procedure to com-
pare changes in A1C among the study
arms. The model included treatment and
patient number as factors, treatment by
patient number and treatment by baseline
interactions, and baseline A1C as covari-
ate. If the treatment by baseline interac-
tion was not statistically significant, it was
dropped from the model. In contrast, the
treatment by patient number interaction
remained in the model regardless of its
significance/lack of significance. The sig-
nificance of model effects was assessed us-
ing type III sums of squares. Pairwise
comparisons of treatment effects, based
on least squares means, were conducted.

A secondary analysis was conducted
to determine whether there was an inter-
action between the method of capture for
A1C and the type of titration monitoring.
This analysis was conducted using AN-
COVA with method of capture of A1C,
type of titration monitoring, and patient
number as factors; A1C method of cap-

ture by type of titration monitoring inter-
action; and baseline A1C as covariate.
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Table 1A—Weekly dose titration for basal insulin glargine

Mean of fasting SMBG from preceding
2–4 days Increase of insulin dosage (IU/day)*

�180 mg/dl 8
�160–�180 mg/dl 6
�140–�160 mg/dl 4
�120–�140 mg/dl 2
�100–�120 mg/dl 0–2
Glycemic target: fasting SMBG �100 mg/dl

and no hypoglycemia (SMBG �70 mg/dl)
No change

If mean fasting SMBG �70 mg/dl† Dose decreased to the previous lower dose

*If the subject’s A1C was �8.0% after visit 1, the investigator may have, at his or her discretion, increased
the insulin glargine dose by up to 5 additional units to meet glycemic targets at each subsequent study visit.
†Upward titration was to be stopped for 1 week after an occurrence of severe hypoglycemia.
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