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C
urrently, an estimated 10.3 million persons in the United
States have diagnosed type 2 diabetes mellitus (DM),1 and
DM causes substantial morbidity and mortality. Consequent-
ly, DM represents an enormous burden to US healthcare

budgets. Medical expenditures in the United States were estimated at
$132 billion in 2002.2 The American Diabetes Association3 has estab-
lished a target glycosylated hemoglobin (A1C) level of less than 7.0% for
patients with type 2 DM overall, with individual patient goal A1C levels
as close to normal (<6.0%) as possible because reductions in A1C level
in patients with type 2 DM can lower the risk of microvascular and
macrovascular complications.4 Despite more aggressive treatment guide-
lines and the introduction of several novel oral antihyperglycemic thera-
pies (including thiazolidinediones) during the past few years, glycemic
control rates in patients with type 2 DM have not substantially improved
from 1988-1994 (42.9%) to 1999-2002 (45.0%).5

Metformin is recommended for first-line therapy, in addition to diet
and exercise, in patients with type 2 DM6 primarily because of reduced
weight gain and fewer hypoglycemic episodes associated with a metformin
regimen compared with sulfonylureas.7 However, because of the progres-
sive decline of β-cell function and consequent deterioration of glycemic
control in type 2 DM, most patients will eventually require combination
therapy to maintain goal A1C level.8 The long-term use of metformin
and sulfonylureas, oral antihyperglycemic therapies frequently used in the
management of type 2 DM, has been studied in the United Kingdom
Prospective Diabetes Study.8 In addition, recently published findings from
ADOPT (A Diabetes Outcome Progression Trial) provided information
on the long-term use of rosiglitazone (a thiazolidinedione), in comparison
with metformin and glyburide (a sulfonylurea), and the effect on glycemic
control when used as monotherapy in patients diagnosed as having type
2 DM for less than 3 years.9 A common treatment algorithm in the cur-
rent management of patients with type 2 DM comprises lifestyle modifi-
cations, followed by metformin monotherapy after diet and exercise
failure, followed by the addition of 1 or more oral antihyperglycemic
agents in a combination, with eventual progression to insulin therapy

alone or in combination with oral
agents.

This study evaluated glycemic con-
trol associated with the use of thiazo-
lidinediones or sulfonylureas when
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Objective:To assess glycemic control and second-
ary failure in patients adding thiazolidinedione 
or sulfonylurea therapy to a metformin regimen
in a managed care setting.

Study Design: Retrospective cohort study using
administrative claims data.

Methods: Participants (mean age, 51.1 years;
55.4% female) were required to have at least 1
prescription claim for a sulfonylurea (n = 300) or
a thiazolidinedione (n = 279) between January 1,
2001, and March 31, 2004, as well as metformin
use during the prior 6 months and continued
metformin use. Secondary failure was measured
for patients who initially achieved a glycosylated
hemoglobin (A1C) level of less than 7.0% and 
was defined as a subsequent A1C level of
at least 7.0%.

Results:The mean baseline A1C level was 8.2%
and was higher for the patients receiving a com-
bination of metformin and sulfonylurea (A1C
level, 8.4%) compared with patients receiving a
combination of metformin and thiazolidinedione
(A1C level, 8.0%) (P < .05). Overall, 77.7% of
patients had a baseline A1C level of at least 7.0%.
The mean A1C level decreased by 1.2 (to 7.0%),
and 65.1% of patients with a baseline A1C level 
of at least 7.0% reached goal A1C level. Therapy
intensification via addition of another antihyper-
glycemic agent occurred in 60.7% of study
patients. Approximately 2 in 5 patients (41.5%)
who initially achieved goal A1C level experienced
secondary failure; the mean time to failure was
1.3 years.

Conclusion: Although most patients failing met-
formin monotherapy reached goal A1C level after
addition of a sulfonylurea or a thiazolidinedione,
41.5% of patients observed for up to 4 years who
initially attained goal A1C level experienced 
secondary failure.

(Am J Manag Care. 2007;13:457-463)
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added to existing metformin therapy in a managed care set-
ting. Patients were observed longitudinally for up to 4 years
after the addition of a thiazolidinedione or a sulfonylurea to
metformin therapy to determine the proportion attaining
goal A1C level in a usual care setting. We also evaluated
the ability of thiazolidinediones and sulfonylureas to main-
tain glycemic control in combination with metformin ther-
apy by assessing rates of secondary failure following initial
goal A1C level achievement.

METHODS

This longitudinal retrospective cohort study used an
administrative medical and pharmacy claims database with
integrated laboratory data from a large, geographically diverse
US managed care plan. The index date was defined as the date
of a patient’s first prescription for a thiazolidinedione or a sul-
fonylurea during the study identification period, January 1,
2001, through March 31, 2004. Patients who received at least
1 new prescription for a thiazolidinedione (rosiglitazone or
pioglitazone hydrochloride) or a sulfonylurea during the iden-
tification period who also received at least 90 days of met-
formin therapy during the 6 months preceding the index date
were identified for cohort inclusion. To ensure that patients
were receiving combination therapy and were not switching
to a different oral antidiabetic medication, at least 1 prescrip-
tion fill of metformin on or after the study index date was
required. Patients were required to be continuously eligible for
benefits for at least 6 months before and 75 days after the
index date and were required to have no other oral antidiabet-
ic medication or insulin prescriptions during the 6 months
before the index date. Patients using fixed combination
tablets (metformin-glyburide or metformin-glipizide) were
also included, provided that other study entry criteria were
met. Patients were observed for up to 48 months after the
index date and were required to have at least 1 A1C laborato-
ry result during a baseline window of 3 months before and
7 days after the study index date, as well as at least 1 A1C lab-
oratory result following a stabilization period of 76 days fol-
lowing the study index date. For patients with more than 1
test result during the baseline period, the most recent test
result was used. We used a study design that evaluated the
study cohort until the end of the observation period or until
the end of patient health plan benefit eligibility.

The primary study outcome variable was the progressive
loss of glycemic control, evaluated as the rate of secondary
therapy failure. Secondary outcome variables related to
glycemic control included change in A1C level, percentage
change in A1C level, goal A1C level attainment, and thera-

py intensification. Secondary failure was evaluated for study
patients whose A1C level was at least 7.0% at study baseline
and who achieved goal A1C level at some time during the
study follow-up period; secondary failure was defined in this
subset of patients as the presence of a subsequent A1C test
result of at least 7.0%. Change in A1C level was calculated as
the last available A1C test result during the follow-up period
minus the baseline A1C level. Percentage change in A1C
level was also calculated as the percentage change from the
baseline A1C test result to the last available A1C test result
(change in A1C level/baseline A1C level). Goal A1C level
was defined according to American Diabetes Association3 rec-
ommendations as less than 7.0%. The percentage of patients
with secondary failure was calculated as the number of
patients who experienced failure divided by the number of
patients who were not at goal A1C level at baseline who sub-
sequently met goal A1C level and who also had at least 1
A1C test result available for analysis following goal A1C level
achievement. Time to secondary failure was defined as the
number of days elapsed from the index prescription date until
occurrence of goal A1C level failure. Therapy intensification
was defined as the addition of a nonindex antidiabetic drug
(oral agent or insulin) to the index drug regimen after the
index prescription date, with at least 1 refill of the index drug
following the date of the addition of the second agent. Patient
A1C level before therapy intensification was assessed using
A1C test results during the period between the A1C level
stabilization period and 7 days following the therapy intensi-
fication date and was only calculated for patients who experi-
enced an intensification of antidiabetic therapy.

To assess and control for other patient comorbid condi-
tions, the Charlson index was used.10 The Charlson index was
calculated based on medical claims during the 6 months
before the study index period that corresponded to specific
International Classification of Diseases, Ninth Revision, Clini-
cal Modification diagnostic codes to identify the presence of
specific comorbid conditions. A single numeric index was cal-
culated for each patient that represented that patient’s total
comorbid status on a numeric scale. In addition to using this
index, specific comorbid conditions were identified, including
DM with complications, hypertension, hyperlipidemia, car-
diovascular disease, and retinopathy.

Descriptive statistics were used for patient demographic
and clinical characteristics. For continuous variables such as
age, means or medians were compared using t test or Mann-
Whitney test. For categorical variables, χ2 test was used for
statistical comparisons. Time-to-event variables such as time
to therapy failure are presented using Kaplan-Meier curves.
All study analyses were performed using SAS version 8.2

n CLINICAL n

458 n www.ajmc.com n AUGUST 2007



(SAS Institute, Cary, NC) and STATA version 9 (StataCorp
LP, College Station, Tex).

RESULTS

The final study cohort consisted of 579 patients who
added a sulfonylurea (n = 300) or a thiazolidinedione (n =
279) to existing metformin therapy. Study cohort character-
istics are given in Table 1. The mean ± standard deviation
(SD) age of the cohort was 51.1 ± 8.7 years, and 55.4% were
female. The mean age was similar for patients receiving a
combination of metformin and a sulfonylurea (metformin-sul-
fonylurea) compared with patients receiving a combination of
metformin and a thiazolidinedione (metformin-thiazolidine-
dione). The mean duration of patient follow-up was 1.8
years and did not differ for patients receiving metformin-sul-
fonylurea compared with patients receiving metformin-thia-
zolidinedione. The Charlson index was similar for patients
receiving metformin-sulfonylurea (mean, 1.3) compared with
patients receiving metformin-thiazolidinedione (mean, 1.4),
indicating that study patients had a similar number of comor-
bid conditions at study baseline; 59.2% of the study cohort
had hypertension, 59.8% had hyperlipidemia, and 20.7% had
a claims history of eye disease or retinopathy.

Baseline A1C levels are given in Table 2. The mean ± SD
baseline A1C level for the study cohort was 8.2% ± 1.9%. The
patients receiving metformin-sulfonylurea had slightly higher
baseline A1C levels (mean A1C level, 8.4%) compared
with patients receiving metformin-thiazolidinedione (mean
A1C level, 8.0%) (P < .05). At the start of the study, 22.3%
of the study cohort had a
baseline A1C level of less
than 7.0%; patients receiv-
ing metformin-thiazolidine-
dione (27.6%) were more
likely to be at or below goal
A1C level at study baseline
compared with patients
receiving metformin-sul-
fonylurea (17.3%) (P < .01).

The mean A1C level of
the cohort at follow-up was
7.0%, corresponding to a
mean decrease of 1.2. The
mean decrease in A1C level
was similar for patients
receiving metformin-sulfo-
nylurea and for patients
receiving metformin-thiazo-

lidinedione (Table 2). Overall, 71.7% of the entire study
cohort achieved goal A1C level at some point during the
study follow-up period. In the subset of patients whose base-
line A1C level was greater than or equal to 7.0%, 67.8% of
patients receiving metformin-sulfonylurea and 62.9% of
patients receiving metformin-thiazolidinedione achieved goal
A1C level during the follow-up period. Among this subset of
patients with a baseline A1C level greater than or equal to
7.0%, the mean ± SD A1C level at follow-up was 7.3% ±
1.3% for patients receiving metformin-sulfonylurea and 7.2%
± 1.3% for patients receiving metformin-thiazolidinedione.
Patients with a higher baseline A1C level had lower odds of
ever achieving goal A1C level (odds ratio, 0.68; 95% confi-
dence interval, 0.59-0.79), and patients with hyperlipidemia
had higher odds of ever achieving goal A1C level (odds ratio,
1.56; 95% confidence interval, 1.05-2.33).

Overall, 60.6% of the study cohort experienced therapy
intensification; 67.4% of patients receiving metformin-thiazo-
lidinedione and 57.0% of patients receiving metformin-sul-
fonylurea intensified the initial therapeutic regimen (Table
2). The rates of therapy intensification among the subset of
patients with a baseline A1C level greater than or equal to
7.0% were 69.3% for patients receiving metformin-thiazo-
lidinedione and 57.3% for patients receiving metformin-sul-
fonylurea. The mean duration from the study index date until
the date of therapy intensification was 59.7 days overall, 48.0
days for patients receiving metformin-thiazolidinedione, and
72.6 days for patients receiving metformin-sulfonylurea. Only
21.4% of cohort patients who experienced therapy intensi-
fication had an available A1C test result before intensifica-
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n Table 1. Study Cohort Demographic and Clinical Characteristics*

Metformin- Metformin-
Sulfonylurea Thiazolidinedione Total

Variable (n = 300) (n = 279) (N = 579)

Mean age, y 51.0 ± 8.5 51.2 ± 9.0 51.1 ± 8.7

Female sex 53.0                        58.1                      55.4

Mean follow-up, y 1.8 1.7 1.8

Charlson Index 1.3 ± 0.7 1.4 ± 0.8 1.4 ± 0.7

Comorbid condition

Diabetes mellitus with complications 8.7 7.5 8.1

Hypertension 60.3 58.1 59.2

Hyperlipidemia 60.7 58.8 59.8

Cardiovascular disease 17.0 10.4 13.8

Eye disease or retinopathy 21.7 19.7 20.7

*Data are given as percentage or as mean ± SD unless otherwise indicated.
SD indicates standard deviation.



tion. For this patient subset, the mean A1C level preceding
therapy intensification was 7.9% overall, 7.8% for patients
receiving metformin-sulfonylurea, and 7.9% for patients
receiving metformin-thiazolidinedione. As seen in Table 2,
intensification with insulin therapy was infrequent in this
cohort, as fewer than 5% of study patients used insulin during
the follow-up period.

Overall, 104 patients receiving metformin-sulfonylurea
and 89 patients receiving metformin-thiazolidinedione met
the eligibility criteria for assessment of secondary failure, and
41.5% of cohort patients experienced secondary failure. Fifty
percent of patients receiving metformin-sulfonylurea and
31.5% of patients receiving metformin-thiazolidinedione
experienced secondary failure. The mean ± SD time from the
index date to secondary failure was 489.5 ± 239.2 days for
patients receiving metformin-sulfonylurea and 480.1 ± 207.1
days for patients receiving metformin-thiazolidinedione and is
depicted using Kaplan-Meier techniques in the Figure.

DISCUSSION

This usual care study of a type 2 DM managed care popula-
tion who added a sulfonylurea or a thiazolidinedione to met-
formin therapy found that 2 of every 5 patients who initially
achieved goal A1C level experienced secondary treatment fail-
ure during the follow-up period, although 65.1% of patients

with a baseline A1C level greater than or equal to 7.0%
reached goal A1C level at some point during the follow-up peri-
od. Overall, the mean time to secondary failure after the addi-
tion of a sulfonylurea or a thiazolidinedione was 1.3 years.
Approximately 1 in 4 patients in this managed care setting
had a second agent added to their initial metformin
monotherapy regimen, despite having a baseline A1C level of
less than 7.0%. Although an intensified therapeutic regimen
at an A1C level of less than 7.0% is more aggressive than the
American Diabetes Association guidelines11 in place at the
time of the study, this finding is consistent with the American
College of Endocrinology12 2001 consensus guidelines recom-
mending the treatment of patients with DM to an A1C level
of less than 6.5%.

The recent publication of the results of ADOPT9 demon-
strated the differences between initial monotherapy regimens
of metformin, glyburide, and rosiglitazone. ADOPT found that
at 5 years the cumulative incidence of monotherapy failure was
21% with metformin and 34% with glyburide, compared with
15% with rosiglitazone. However, the study had a high rate of
discontinuation, and patients receiving rosiglitazone gained
substantially more weight during the study follow-up period
than patients receiving glyburide or metformin. Another
recent investigation of combination regimens, a randomized
trial of pioglitazone or gliclazide added to metformin therapy,
found that at 1 year and at 2 years after study initiation patients
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n Table 2. Baseline Glycosylated Hemoglobin (A1C) Level and Change During the Follow-up Period*

A1C Level of >7.0% 
Total (N = 579) at Baseline (n = 450)

Metformin- Metformin- Metformin- Metformin-
Sulfonylurea Thiazolidinedione Sulfonylurea Thiazolidinedione

Variable (n = 300) (n = 279) (n = 248) (n = 202)

Baseline A1C (%) level 8.4 ± 1.9 8.0 ± 1.8 8.9 ± 1.8 8.8 ± 2.0

A1C level of <7.0% at baseline, % 52 (17.3) 77 (27.6) — —

A1C level (%) at follow-up 7.1 ± 1.3 7.0 ± 1.3 7.3 ± 1.3 7.2 ± 1.3

Change in A1C level from baseline −1.2 ± 1.9 −1.2 ± 1.7 −1.4 ± 2.0 −1.6 ± 1.7

Change in A1C level from baseline, % −12.3 ± 18.3 −12.1 ± 16.5 −14.2 ± 18.9 −17.2 ± 15.0

Achieved goal A1C level during the follow-up period 207 (69.0) 208 (74.6) 156 (62.9) 137 (67.8)

Therapy intensification 171 (57.0) 188 (67.4) 142 (57.3) 140 (69.3)

Insulin use after index date 14 (4.7) 11 (3.9) 13 (5.2) 9 (4.5)

Secondary failure

Patients meeting eligibility criteria, no.† — — 104 89

Patients who experienced secondary failure — — 52 (50.0) 28 (31.5)

*Data are given as mean ± SD or as number (percentage) unless otherwise indicated.
†To be eligible for assessment of secondary failure, patients were required to have a baseline A1C greater than or equal to 7.0%, have a follow-up
A1C test result during the study period that was less than 7.0%, and have a subsequent A1C test result available for assessment.
SD indicates standard deviation.



receiving pioglitazone and gliclazide, when
added to metformin, had similar reductions in
A1C level and were equally as likely to achieve
target A1C level.13,14 However, few studies
have evaluated these second-line therapy regi-
mens in usual care, nonclinical trial settings.
Bell and Ovalle,15 in a retrospective study of
100 patients, found that after monotherapy
failure (A1C level, >8.0%), combination ther-
apy with metformin plus a sulfonylurea main-
tained glycemic control (A1C level, <7.9%)
for a mean of 7.9 years. Another study16 of
patients who added a sulfonylurea to existing
metformin therapy in primary care practices in
the United Kingdom found that, although
glycemia improved initially, within 4 years
85% of all patients and 68% of patients who initially achieved
an A1C level of less than 7.0% had A1C levels that exceeded
8.0%. An analysis of thiazolidinediones used in “triple therapy”
demonstrated that the addition of a thiazolidinedione to met-
formin-sulfonylurea resulted in maintenance of glycemic con-
trol (A1C level, <7.0%) and delay of insulin therapy initiation
for a median duration of 6 years.17 Finally, Karter et al18 con-
ducted a study among poorly controlled (A1C level, >8.0%)
patients with type 2 DM from Kaiser Permanente in Northern
California that included 329 patients using thiazolidinediones
as monotherapy and in combination with other oral antidia-
betic medications and found that the presence of thiazolidine-
diones in the therapeutic regimen was associated with greater
odds of achieving glycemic control than the odds of controlled
A1C for patients using a metformin-sulfonylurea regimen. In
the Kaiser Permanente cohort of poorly controlled (A1C level,
>8.0%) patients with type 2 DM with a change in treatment
regimen, despite an overall mean reduction in A1C level of
1.3%, only 18% of patients studied achieved A1C levels of
7.0% or lower within a year.18 This is in contrast to the present
study, in which 65.1% of patients who were poorly controlled
(A1C level, >7.0%) at study baseline achieved glycemic con-
trol during the study period. However, the differences in the
patient populations studied, in addition to the threshold used
to define “poorly controlled” patients may explain these appar-
ent discrepancies, as the mean baseline A1C level in the pres-
ent study was 8.3% compared with a mean baseline A1C level
of 9.9% in the Kaiser Permanente study cohort.18

Other investigators have evaluated patients transitioning
from oral antihyperglycemic monotherapy to dual combi-
nation therapy and have reported mean A1C levels of
approximately 9% to 10% at the time of therapy intensifica-
tion.16,18-21 The mean baseline A1C level reported in the pres-

ent study at the point of dual combination therapy initiation
was 8.3%, which is somewhat lower than what has been
reported for patients transitioning from monotherapy to dual
therapy in the other studies. Therefore, our managed care
population may have better glycemic control than popula-
tions studied elsewhere. One potential reason for this may be
that 96.5% of our study population was younger than 65 years,
as the database used for our study was primarily limited to
patients before eligibility for Medicare benefits. By contrast,
other observational studies16,18-20 included a greater propor-
tion of patients 65 years or older. Another possibility may be
that our data are slightly more current and may reflect more
recent changes in provider practice patterns than what has
been reported in the earlier studies.

A recent retrospective, population-based study by Brown
et al,21 conducted at Kaiser Permanente Northwest, under-
scores the implications of our study findings. They calculated
glycemic burden, defined as months of A1C level that exceed-
ed 8.0% or 7.0%, and used multivariate analysis to predict
future deterioration of glycemic control. Patients on average
accumulated 10 years of glycemic burden greater than 7.0%
and 5 years of glycemic burden greater than 8.0%. Further-
more, the authors found that a change in therapeutic regimen
at an A1C level of 7.0% or lower was more likely to prevent
future additional deterioration of glycemic control than an
action point of 8.0%. On average, patients in our study had a
second therapeutic agent added at an A1C level of 8.2% and
had dual therapy intensified at an A1C level of 7.9%. The
importance of earlier interventions aimed at more aggressive
patient management to improve glycemic control over time
and to delay the onset of complications cannot be overstated.

The present analysis provides insight to the real-world
effectiveness of dual-combination oral antihyperglycemic
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n Figure.Time Elapsed From Initiation of Combination Therapy to
Secondary Failure (Kaplan-Meier Curves)
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therapy during 4 years, but a few limitations must be consid-
ered. Secondary failure refers to the concept of the failure of
oral antihyperglycemic medications to control blood glucose
level after a period of initial success.22 Our study used pharma-
cy claims and laboratory results data to examine the frequency
of secondary failure, defined in a subset of patients not at goal
A1C level at baseline who during the study initially achieved
goal A1C level but subsequently had their A1C level increase
greater or equal to 7.0%. Other studies22-25 examined this con-
cept using different data sources or definitions of secondary
failure, often using the criterion of elevated A1C level (>7.0%
or >8.0%) or fasting glucose level after a period of initial med-
ication efficacy. Comparisons of rates of secondary failure in
the literature should consider the data source and the criteria
used to identify secondary failure specific to each study. We
used a stabilization period of more than 76 days after the index
prescription to assess follow-up A1C level; this may have been
disadvantageous to thiazolidinediones because they may take
up to 12 weeks to reach A1C stabilization. Because we con-
ducted a retrospective study using claims data, the duration of
DM, body mass index, and patient racial/ethnic background
information was unavailable for analysis. We studied patients
from a large US managed care plan; therefore, findings may not
be applicable to patients without health insurance. Also, few
patients (3.5%) 65 years or older were included because the
study database was primarily limited to persons younger than
65 years. This study also did not assess concomitant use of med-
ications to treat other related cardiovascular conditions such as
hyperlipidemia. Nevertheless, although retrospective studies
cannot facilitate comparisons of drug efficacy that are evaluat-
ed in prospective clinical trials, they provide valuable informa-
tion about real-world treatment effectiveness outside of the
controlled clinical trial setting. Therefore, this study provides
important information that reflects the usual care of patients
with type 2 DM.

CONCLUSIONS

We used a retrospective design to analyze a
unique managed care database with integrated A1C
level, medical, and pharmacy claims data. We evalu-
ated commonly used second-line oral antihyper-
glycemic therapies added to the regimen of patients
with type 2 DM receiving metformin monotherapy
for up to 4 years following dual-combination therapy
initiation. Despite initial decreases in A1C level, the
proportion of patients who experienced goal A1C
level failure after initially achieving goal A1C level
after adding a thiazolidinedione or a sulfonylurea to

metformin therapy was 41.5%, and the mean time elapsed
from addition of a thiazolidinedione or a sulfonylurea to exist-
ing metformin therapy was only 1.3 years. Furthermore, 60.7%
of study patients had another antihyperglycemic agent added
to their initial combination therapy regimen during the study
period. Our study highlights the need for continual patient
follow-up and monitoring and for more aggressive manage-
ment of type 2 DM in usual practice. Earlier initiation of
combination therapy may delay the onset of secondary failure
and may have a beneficial effect on the course of type 2 DM
by preventing or delaying the onset of microvascular and
macrovascular complications.
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Take-away Points
Type 2 diabetes mellitus treatment guidelines recommend initial therapy
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period in a managed care setting, this study highlights the need for contin-
ual patient monitoring, more aggressive patient management, and earlier
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n The availability of multiple antidiabetic therapeutic options is important
to effectively treat patients with type 2 diabetes mellitus in the long term.
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