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aintaining tight blood glucose control is important in
preventing microvascular complications of diabetes mel-
litus such as retinopathy and nephropathy.1,2 Although
trends in glycemic control look favorable,3 national data

suggest that a substantial proportion of patients remain poorly con-
trolled.4-7 Moreover, as glycemic goals have been progressively lowered,8

achieving targets has become increasingly difficult.
While numerous randomized, placebo-controlled clinical trials have

evaluated the efficacy of diabetes medications alone or in combinations,9

their effectiveness in usual clinical care settings has rarely been assessed.
Furthermore, there is a concern that the effectiveness of diabetes medica-
tions may differ by clinical and demographic factors such as duration of
diabetes, patient age, race, obesity, and chronic renal insufficiency.

We previously reported that, among patients with poorly controlled
diabetes (glycosylated hemoglobin [A1C] > 8%) who initiated a new
antihyperglycemic therapy, only a very low proportion (18.4%; 95%
confidence interval [CI] 17.3%-19.4%) achieved glycemic target (A1C
< 7%) within 3 to 12 months.10 In the present study, we examined the
effectiveness (A1C lowering) of the 4 antihyperglycemic therapies that
are currently most commonly prescribed (metformin, sulfonylureas,
insulin, thiazolidinediones), overall and by clinical subgroups, within a
usual-care setting.

METHODS

Setting and Source Population
Kaiser Permanente of Northern California is a large, integrated

healthcare delivery system that provides comprehensive medical services
to ~3.2 million members (~35% of insured adults) in the San Francisco
and greater Bay area through 39 medical facilities. Health plan members
are predominantly employed or retired individuals and their families, and
representative of the general population ethnically and socioeconomical-
ly, except for the extreme tails of the income distribution.11-13 In 1993,
Kaiser Permanente established the Kaiser Permanente Northern
California Diabetes Registry. This
registry included ~210 000 patients
with diabetes on January 1, 2006,
with an estimated sensitivity of ~99%.
The registry is updated annually by
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initiated any single new antihyperglycemic agent
(metformin, sulfonylureas, thiazolidinediones, 
or insulin added to medical nutrition therapy or
to existing diabetes therapies) during 1999-2000
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an integrated healthcare delivery system.

Methods: Pre–post (3-12 months after initiation)
change in glycosylated hemoglobin (A1C) was
analyzed using ANCOVA (analysis of covariance)
models adjusted for baseline A1C, concurrent
(ongoing) antihyperglycemic therapy, demo-
graphics, health behaviors, medication adher-
ence, clinical factors, and processes of care.

Results: Mean A1C was 9.01% (95% confidence
interval [CI] 8.98%-9.04%) before therapy initia-
tion and 7.87% (95% CI 7.85%-7.90%) 3 to 12
months after initiation (mean A1C reduction 
1.14 percentage points; 95% CI 1.11-1.17). 
Overall, 30.2% (95% CI 29.2%-31.1%) of 
patients achieved glycemic target (A1C < 7%).
Although baseline disease severity and 
concurrent therapies differed greatly across 
therapeutic classes, after adjustment for these
baseline clinical characteristics, no significant 
differences were noted in glucose-lowering 
effect across therapeutic classes. Treatment
effects did not differ by age, race, diabetes 
duration, obesity, or level of renal function.

Conclusions: Metformin, sulfonylures, thiazolidine-
diones, and insulin were equally effective in
improving glucose control. Nonetheless, most
patients failed to achieve the glycemic target.
Findings suggest that, to keep up with progres-
sive worsening of glycemic control, patients and
providers must commit to earlier, more aggres-
sive therapy intensification, triggered promptly
after A1C exceeds the recommended glycemic
target.
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identifying all members with diabetes from automated data-
bases for pharmacy, laboratory, hospitalization records, and
outpatient diagnoses as described previously.12,14-17 This
study was approved by the Kaiser Foundation Research
Institute’s Institutional Review Board.

Cohort Identification
We identified all registry members who initiated a new dia-

betes medication between March 1, 1999, and July 31, 2002,
and had a full year of membership with drug benefits after drug
initiation. Given that individuals who initiate new diabetes
therapies systematically differ from individuals who maintain
ongoing therapies in terms of glycemic control, disease sever-
ity, patient characteristics, and behaviors,18 we used a “new
user” design19 that assesses outcomes occurring after drug ini-
tiation in the subgroup of individuals initiating a single new
therapy, while controlling for potential confounders exist-
ing before initiation. By design, we excluded patients with
type 1 diabetes because they would not switch therapeutic
classes once established on insulin; patients with end-stage
renal disease (ESRD) because of its effects on clearance of
insulin (and thus glycemic control) and sulfonylureas, and
because ESRD is a contraindication for metformin20; and per-
sons without continuous health plan membership (n=4752)
or lacking drug benefits (n=2574) during the study period, to
minimize misclassifying subjects who may have filled prescrip-
tions in non–health-plan pharmacies. Of the 16 746 new users
with pre–post A1Cs recorded, we excluded 1285 (6%) who
simply switched medications (eg, switched from 1 monother-
apy to another monotherapy) because we could not accurate-
ly ascertain each drug’s washout period. We also excluded 145
(0.7%) patients who added more than 1 medication simulta-
neously. Finally, we excluded a small number (n=190) of new
users of α-glucosidase inhibitors (eg, Acarbose), meglitinides
(eg, Repaglinide), and incretins (glycolipoprotein [GLP]-1
analogues and dipeptidylpeptidase-4 inhibitors) because they
were used too infrequently during the study period to provide
sufficient statistical power.

After applying these exclusion criteria, our final analytic
sample included 15 126 health plan members with diabetes
who initiated a single, new diabetes therapy between March 1,
1999, and July 31, 2002, and had A1C measured both during
the 12-month window before initiation and the 3 to 12
months after initiation and before discontinuing or modify-
ing the index therapy.

Pharmacotherapeutic Exposure and Outcome
The exposure of interest was initiation of any 1 of the 4

most commonly prescribed therapeutic regimens (“index ther-

apies”): (1) biguanides (ie, metformin); (2) sulfonylureas; (3)
thiazolidinediones; and (4) insulin, which served as the refer-
ence group. New user exposure cohorts were defined by the
index therapy that was initiated by each participant regardless
of whether the medication was in addition to another thera-
peutic class or to medical nutrition therapy only. The expo-
sure baseline date (“index date”) was defined as the date on
which the first prescription of the index therapy was dis-
pensed. To ensure that patients were truly starting a new reg-
imen, we required that there were (1) no prescriptions filled
for the index therapy during the 12 months before the index
date; and (2) at least 1 refill of the new therapy during the 12
months after the index date.

We censored patients at the first occurrence of any of the
following events: end of individual follow-up (ie, 12 months
after initiation of therapy), discontinuation of the index
therapy, modification of the existing treatment regimen, or
the end of the study. Index therapy discontinuation was
defined as the absence of a drug refill within 90 days of the
projected end date of the last recorded prescription. Therapy
regimen modification included switching from the existing
therapy to another therapy, adding therapy to the existing
regimen, or discontinuing any of the medications included
in the existing combination regimen. These restrictions
allowed us to minimize misclassification of patients who
were switching from a single therapeutic class to a different
class (and thus may have had overlapping prescriptions for
more than 1 class during the transition). A single-tiered drug
benefit was in place at the time of the study, so out-of-pock-
et drug copays were uniform across therapeutic classes,
regardless of whether medications were brand name or
generic.

Therapeutic response was defined as the difference
between the last A1C measured during the 12 months before
the index date and the latest A1C measured between 3 and 12
months after the index date. Measurements taken during the
3-month postinitiation period were not included to give suffi-
cient time for dose titration, physiologic adjustments to the
new medication, and the accurate assessment of postinitiation
control (given that A1C provides an integrated measure of
glycemic control over a 3-month period). For participants
censored because of a therapy modification, we restricted
inclusion of A1C measures to those taken before discontinua-
tion of the index therapy or modification of the treatment reg-
imen. Thus, only measures of glycemic control that could be
most directly linked to the index therapy were analyzed. A1C
levels were obtained from a health plan laboratory database
and all assays were conducted at Kaiser’s centralized laborato-
ry using high-performance liquid chromatography.



n CLINICAL n

600 n www.ajmc.com n NOVEMBER 2007

Analytic Methods
We used a “new-user” cohort study design,19 which

includes only patients initiating a single new therapy (“index
therapy”) and synchronizes cohorts of patients at the time of
initiating the index therapy, thereby avoiding chronology
bias.21 Demographic and clinical characteristics of patients
initiating each index therapy were compared using standard
descriptive statistics. We next estimated change in A1C in
response to initiation of each diabetes therapy using ANCO-
VA (analysis of covariance) models. Among new users of dia-
betes therapies, glycemic control before the index date,
disease severity, concurrent hypoglycemic therapies, and
patient characteristics vary considerably by drug class,18 which
could confound crude estimates of glycemic effect associated
with initiation of different diabetes therapies. Therefore, we
first examined the effect of initiating therapy in minimally
adjusted models, which included the last A1C before initia-
tion of the index therapy, concurrent therapies, age, and sex.
Additional models were then specified by including relevant
covariates available for the entire analysis sample.

Multivariate adjustment included the following factors
assessed during the calendar year before index date: neighbor-
hood-level socioeconomic status, number of annual visits to
assigned primary care provider, primary care provider special-
ty (endocrinologist vs other primary care provider), an indica-
tor variable for the Kaiser facility where most of the care was
provided, rate of missed scheduled outpatient appointments,
inpatient and outpatient comorbidity risk score,22 presence of
chronic heart failure, diagnosed hypertension, smoking status
(current, former, never), serum low-density lipoprotein cho-
lesterol level (mg/dL), serum triglycerides level (mg/dL), and
estimated glomerular filtration rate (in mL/min/1.73 m2)
based on serum creatinine concentration.23 Neighborhood-
level socioeconomic status was assessed by geocoding each
member’s address and linking to associated 2000 US census
block group average annual per-capita income, percentage
below poverty, and proportion in a working class occupation.11

Prevalent heart failure was based on primary discharge diag-
noses or serial outpatient diagnoses found in hospital discharge
and ambulatory visit databases. Diagnosed hypertension and
smoking status were obtained from ambulatory visit databases.
Cholesterol, triglyceride, and serum creatinine levels were
captured from an automated laboratory database. Pharmacy
records were also used to calculate an index of medication
adherence for oral diabetes agents (defined as the percentage
of days during follow-up without adequate supply or “contin-
uous, multiple-interval measure of medication gaps”24), and
self-monitoring of blood glucose frequency (based on glucose
test strip utilization).12,17

Eighty-three percent (n = 77 726) of the 94 024 noninsti-
tutionalized health plan members in the diabetes registry (as
of 1995) responded to a self-administered questionnaire or
computer-assisted telephone interview conducted in 1994-
1997. The survey asked about daily number of insulin injec-
tions, use of exercise and diet as diabetes treatments, time
since diabetes diagnosis, body mass index, smoking history,
educational attainment, and self-identified race/ethnicity.
Data on these variables were available for a subanalysis of
7605 members of our final analysis sample.

Using cross-product terms (index therapy × clinical strata),
we then assessed whether statistical differences (effect modifi-
cation) existed in the glycemic response differences between
initiated therapies, across the clinical substrata of interest:
prevalent chronic heart failure (yes or no); age class (<45,
45-65, or >65 years); body mass index (nonobese [<30 kg/m2]
vs obesity class 1-3 [>30 kg/m2]); estimated glomerular filtra-
tion rate (>60 vs <60 mL/min/1.73 m2); time since diabetes
diagnosis (<10 vs >10 years); and race/ethnicity (African
American, Asian, Latino, non-Latino White). We calculated
least-squares means to estimate adjusted A1C difference for
each index therapy, and again for each clinical substratum. All
analyses were performed using SAS, version 9.1.3 (Cary, NC)
and a 2-sided P < .05 was considered significant.

RESULTS

Metformin and insulin initiators were younger, while sul-
fonylurea initiators were older (Table 1). No relevant differ-
ences were noted in the therapy distributions by sex or
socioeconomic status categories. Asian participants were least
likely, while multiethnic and White participants were the
most likely, to initiate insulin among the 4 therapeutic cate-
gories. Initiation of either thiazolidinediones or insulin was
associated with substantially greater severity of diabetes or
associated complications (including longer duration of dia-
betes, obesity, chronic kidney disease, and peripheral neuropa-
thy), higher comorbidity scores compared with those
initiating either metformin or a sulfonylurea, and a much
greater likelihood of already being on at least 2 oral hypo-
glycemic agents. In contrast, persons initiating sulfonylureas
were much more likely to be transitioning from medical nutri-
tion therapy alone, and metformin users were most likely to
have previously been on a single oral agent, sulfonylureas.
Excessive alcohol consumption was low overall, but somewhat
more common among participants initiating metformin or
sulfonylureas. Prevalent diagnosed heart failure was much less
common among patients who initiated metformin and most
common among patients who initiated insulin. Patients initi-
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n Table 1. Baseline Patient Characteristics Among 15 125 Patients With Type 2 Diabetes Initiating a New 
Diabetes Therapy

Index Diabetes Therapy

Metformin Sulfonylureas Thiazolidinediones Insulin
(n = 8645) (n = 3445) (n = 2115) (n = 921)

Demographic Characteristics

Age, mean (SD), y 61.1 (11.1) 63.6 (11.8) 62.5 (10.8) 59.9 (12.9)

Women 4092 (47.3) 1570 (45.6) 926 (43.8) 473 (51.4)

Race/ethnicity

White 2334 (53.6) 633 (58.8) 872 (59.2) 392 (63.6)

Black/African American 495 (11.4) 123 (11.4) 141 (9.6) 51 (8.3)

Latino 469 (10.8) 93 (8.6) 132 (9.0) 60 (9.7)

Asian 651 (14.9) 137 (12.7) 190 (12.9) 46 (7.5)

Other 89 (2.0) 12 (1.2) 27 (1.8) 7 (1.2)

Multiethnic 320 (7.3) 78 (7.3) 111 (7.5) 60 (9.7)

Socioeconomic Status

Living in deprived neighborhood (>20% below 628 (8.2) 186 (7.7) 139 (6.9) 66 (7.6)
poverty line)

Living in neighborhood <25% with high school degree 2026 (26.4) 597 (24.6) 491 (24.4) 204 (23.6)

Health Behaviors 

Current smoker 754 (8.7) 278 (8.1) 179 (8.5) 97 (10.5)

Excessive alcohol consumption* (>21 drinks per week) 53 (2.7) 18 (3.7) 7 (1.0) 5 (1.7)

Poor refill adherence (<70% time with sufficient 1141 (13.2) 1066 (30.9) 220 (10.4) 233 (25.3)
medication supply) 

Not self-monitoring blood glucose 3412 (39.5) 1945 (56.5) 658 (31.1) 307 (33.3)

Clinical Profile

Poor glycemic control (A1C > 9%) 3963 (45.8) 831 (24.1) 1084 (51.3) 545 (59.2)

Duration of diabetes >10 years* 1823 (45.0) 352 (37.0) 827 (58.8) 321 (55.5)

Chronic heart failure 384 (4.4) 266 (7.7) 207 (9.8) 119 (12.9)

Estimated glomerular filtration 1456 (17.0) 790 (23.3) 617 (29.2) 239 (26.1)
rate <60 mL/min/1.73 m2

Uncontrolled systolic hypertension (>140 mm Hg) 4099 (47.4) 1631 (47.3) 997 (47.1) 407 (44.2)

Uncontrolled diastolic hypertension (>90 mm Hg) 1250 (14.5) 489 (14.2) 229 (10.8) 111 (12.1)

Using antihypertensives 6434 (74.4) 2384 (69.2) 1781 (84.2) 698 (75.8)

LDL (mg/dL), mean (SD) 119.6 (34.2) 121.7 (36.2) 111.9 (33.0) 113.5 (34.9)

Using antilipemics 3172 (36.7) 1156 (33.6) 1032 (48.8) 345 (37.5)

Peripheral neuropathy* 869 (26.1) 198 (23.8) 336 (29.1) 157 (32.7)

Inpatient risk score, mean (SD) 2.40 (2.76) 2.67 (3.30) 3.34 (3.98) 3.36 (4.42)

Outpatient risk score, mean (SD) 2.15 (1.22) 2.12 (1.39) 2.65 (1.48) 2.58 (1.66)

Obesity (body mass index >30 kg/m2) 1928 (55.6) 701 (46.5) 596 (65.9) 221 (65.0)

Baseline Diabetes Therapies

Medical nutrition therapy only 1550 (17.9) 3044 (88.4) 49 (2.3) 159 (17.3)

Single oral hypoglycemic agent 5956 (68.9) 227 (6.6) 497 (23.5) 241 (26.2)

Insulin monotherapy 906 (10.5) 147 (4.3) 355 (16.8) 0 (0)

(Continued)
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ating sulfonylureas were the most likely to have poorer med-
ication adherence for oral agents and the least likely to be self-
monitoring their blood glucose. Smokers were more likely to
initiate insulin.

Among the 15 125 persons initiating a new therapy, 12 215
(81%) maintained their new therapy regimen without further
change throughout the 3- to-12-month postinitiation obser-
vation window. A total of 1421 (9%) discontinued the index
therapy during the follow-up period, and 1490 (10%) modi-
fied their treatment regimen by adding or switching therapies
within 12 months of initiation of the index therapy. In the lat-
ter cases, only A1C measurements obtained before index ther-
apy discontinuation or modification were assessed. These new
initiations included 4802 (32%) subjects who transitioned
from medical nutrition therapy only to monotherapy, 8329
(55%) from monotherapy to dual therapy, 1953 (13%) from
dual to triple therapy, and 42 (0.3%) from triple therapy to
4-drug combinations.

In the entire cohort, mean A1C was 9.01% (95% CI
8.98%-9.04%) before and 7.87% (95% CI 7.85%-7.90%) at
3 to 12 months after initiation of the index therapy (mean
AIC reduction 1.14; 95% CI 1.11-1.17) (Table 2). However,
only 30.2% (95% CI 29.2%-31.1%) achieved the recom-
mended target (A1C < 7%) overall during the 3 to 12 months
after initiation of the index therapy. Sulfonylureas were initi-
ated at the lowest A1C (8.32%; 95% CI 8.27%-8.38%), then
metformin (9.15%; 95% CI 9.11%-9.18%), thiazolidine-
diones (9.32%; 95% CI 9.25%-9.39%), and insulin (9.63%;

95% CI 9.50%-9.76%). The proportion that achieved the
glycemic target (A1C < 7%) was highly dependent on the
starting point (Figure). Of patients with baseline A1C at 7%-
8%, 8%-9%, and >9%, only 45.8%, 28.3%, and 17.6%,
respectively, achieved target (P < .0001).

While baseline A1C and disease severity differed across
initiators of each therapeutic class, the adjusted glycemic
response did not differ significantly across index therapy (test
of homogeneity P < .937). The similar magnitude of therapeu-
tic response across index therapies was not modified signifi-
cantly by age, race, duration of diabetes, obesity, or level of
renal function, although younger age and chronic kidney dis-
ease were independent predictors of poorer glycemic response
to therapy initiation (data not shown). As expected, poorer
adherence was associated with a smaller reduction in A1C
after index therapy initiation; however, adjustment for med-
ication adherence did not change the lack of differences in
glycemic response across index therapies.

DISCUSSION

We examined glycemic response (absolute change in
A1C) 3 to 12 months after adding a single diabetes therapy to
an existing regimen and evaluated whether initiation brought
a patient under the glycemic target (A1C < 7%). Glycemic
response (mean change: −1.14 points; 95% CI −1.11 to
−1.17) did not differ significantly across the 4 therapeutic
classes, and was similar in magnitude to that reported for ran-

n Table 1. Baseline Patient Characteristics Among 15 125 Patients With Type 2 Diabetes Initiating a New 
Diabetes Therapy (Continued)

Index Diabetes Therapy

Metformin Sulfonylureas Thiazolidinediones Insulin
(n = 8645) (n = 3445) (n = 2115) (n = 921)

Baseline Diabetes Therapies (continued)

>2 Oral hypoglycemic agents 48 (0.6) 8 (0.2) 1111 (52.5) 521 (56.6)

Oral hypoglycemic agent plus insulin 185 (2.1) 19 (0.6) 103 (4.9) 0 (0)

Access to Care

Primary care visit in prior year 6642 (76.8) 2626 (76.2) 1731 (81.8) 739 (80.2)

Ophthalmology examination in prior year 4017 (46.5) 1446 (42.0) 1215 (57.5) 472 (51.3)

Cholesterol check in prior year 5600 (64.8) 2125 (61.7) 1470 (69.5) 566 (61.5)

Values are given as numbers and percentages unless otherwise indicated.
*Survey-based covariates: not all of the 15 125 subjects were survey respondents. Thus, the denominator varies for these items used in the survey
responder subanalysis.
A1C indicates glycosylated hemoglobin; LDL, low-density lipoprotein; SD, standard deviation.



domized trials of the individual therapies.25,26 Moreover,
glycemic response did not differ by age, race, duration of dia-
betes, obesity, or level of kidney function. Our finding of uni-
form glycemic response is consistent with a systematic review
(based on 216 controlled trials and cohort studies, and 2 pre-
vious systematic reviews),27 which reported similar findings of
comparative effectiveness (about a 1-point improvement in
A1C) among oral medications for type 2 diabetes. Similar
findings were also reported by an Agency for Health Care
Research and Quality review of randomized trials, which
reported no substantive differences between therapy efficacy
across oral diabetes therapies.28 We acknowledge that our
findings are based on 1-year follow-up and may not be durable
over a longer time frame. A randomized trial with a median
follow-up of 4 years, the study known as A Diabetes Outcome
Progression Trial (ADOPT), showed differences in the cumu-
lative incidence of monotherapy failure at 5 years (15% for
rosiglitazone, 21% for metformin, and 34% for glyburide).29

Although few studies have evaluated differences in effective-
ness among special clinical subgroups, our findings are also
consistent with a recent study reporting no differences in met-
formin effectiveness between obese and nonobese patients.30

Despite the observed favorable and uniform glycemic
response, only about 30% of new users achieved glycemic tar-
get (<7%) 3 to 12 months after initiation. However, since the
time of the study, the prevalence of well-controlled patients
has increased in the source population for this study. In a pre-
vious study of the Kaiser Permanente Northern California
Diabetes Registry,10 we reported that only 18% of patients

with poor glycemic control (A1C > 8%) achieved target 3 to
12 months after initiating new therapy. In the current study,
we included all patients initiating new therapy, regardless of
their baseline glycemic control, and found that even patients
with a seemly reasonable level of control (baseline A1C
between 7% and 8%), less than 50% achieved the glycemic
target within 1 year. Therapy was typically initiated only after
A1C had advanced too far beyond the threshold at which the
expected therapeutic benefit (ie, about 1% lowering) would
bring A1C under target. These findings are consistent with an
earlier study31 demonstrating that intensification was general-
ly not initiated until after A1C exceeded 9%.

Glycemic Response to Newly Initiated Diabetes Therapies

VOL. 13, NO. 11 n THE AMERICAN JOURNAL OF MANAGED CARE n 603

n Figure. Percentage of Patients With Diabetes
Initiating New Diabetes Medications Who Achieved
Glycemic Target Glycosylated Hemoglobin (A1C) < 7%
3 to 12 Months After Initiation, Stratified by Preinitiation
A1C (P < .0001)

n Table 2. Crude and Adjusted Change in Glycemic Control (A1C) Within 3 to 12 Months After Initiation of a New
Diabetes Therapy Among 15 126 Adults With Type 2 Diabetes

Mean
Baseline Posttherapy

Mean A1C A1C Crude P From
(Prior to (3-12 Months (Unadjusted) Adjusted* Adjusted Model

Initiation) After Initiation) Change Change (Relative to
Added Therapy n (95% CI) (95% CI) (95% CI) (95% CI) Reference)

Sulfonylureas 3445 8.32 (8.27-8.38) 7.34 (7.29-7.38) −0.98 −1.32 (0.71-1.93) 0.3

Metformin 8645 9.15 (9.11-9.18) 7.99 (7.96-8.02) −1.16 −1.28 (0.68-1.89) 0.3

Thiazolidinedione 2115 9.32 (9.25-9.39) 8.11 (8.05-8.17) −1.21 −1.30 (0.69-1.90) 0.2

Insulin 921 9.63 (9.50-9.76) 8.27 (8.17-8.36) −1.36 −1.26 (0.65-1.88) Reference

*Models adjusted for baseline A1C, concurrent diabetes therapy, age, sex, socioeconomic status (census block group average annual per capita
income, percentage below poverty and proportion in a working class occupation), smoking status (current, former, never), self-monitoring of blood
glucose frequency based on glucose test strip utilization, number of annual visits to assigned primary care provider, primary care provider specialty
(endocrinologist vs other primary care provider), Kaiser facility where most care was provided, rate of missed scheduled outpatient appointments,
inpatient and outpatient comorbidity risk score, presence of chronic heart failure, diagnosed hypertension, serum low-density lipoprotein cholesterol
level, serum triglycerides level, estimated glomerular filtration rate.
A1C indicates glycosylated hemoglobin; CI, confidence interval.
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Findings suggest that, to keep up with the expected pro-
gressive, age-related worsening of glycemic control,32,33

patients and providers must commit to more aggressive thera-
py intensification. Clinical “targets” should be considered syn-
onymous with “action levels,” with therapy intensified as soon
as target values are exceeded. In the present study, initiation
was delayed longer for second-line therapies; thiazolidine-
diones and insulin were started in patients with mean A1C of
9.3% and 9.6%, respectively, whereas first-line therapies, sul-
fonylureas and metformin, were initiated at 8.3% and 9.2%,
respectively. While therapy intensification algorithms26,34-36

vary somewhat and are evolving, typically the history of pre-
vious therapy, concurrent therapy, current level of glycemic
control, therapy cost, and patient factors (age, competency,
and preferences) are considered when determining the next
therapy to be prescribed. Typically metformin or a sulfony-
lurea is prescribed as a first step, followed by thiazolidine-
diones, insulin, or other agents (eg, nonsulfonylurea
secretagogues, α-glucosidase inhibitors, or incretins), for more
difficult-to-control glycemia. We show that with each step of
intensification, the added therapy has a similar glycemic-low-
ering effect, but steps are initiated at progressively higher A1C
levels. Thus intensification is not keeping pace with worsen-
ing glycemic control.

Our study had several limitations. Nonrandomized expo-
sures preclude us from ruling out the effect of residual con-
founding (by indication37 or contraindication) or treatment
selection bias. However, controlling for preinitiation A1C,
ongoing therapy, and duration of diabetes did not alter our
findings of similar medication effect sizes. Also, although no
differences in response by therapy were detected, differential
response to pharmacologic agents at the individual patient
level cannot be excluded. It is important to note that selective
prescribing renders our findings uninformative for standard
cost-effectiveness assessments, given that lower cost, first-line
therapies (eg, generic sulfonylureas) would simplistically
appear substantially more cost-effective than more expensive,

second-line therapies (eg, thiazolidinediones).
The similar effectiveness across select demograph-
ic and clinical subgroups may be due to a selection
process whereby physicians are prescribing opti-
mal agents for a given patient’s characteristics.
While a randomized trial provides an estimate of
efficacy in selected volunteers, these observation-
al study findings should reflect outcomes in typical
clinical practice; thus this study provides an
important complement to trial findings.38,39 Also,
it is important to note that both patient and
provider may play a role in delayed intensification.

The relative role of each person remains undetermined
because we were unable to distinguish whether the provider
failed to prescribe a needed therapy or the patient failed to
obtain the prescribed prescription from the pharmacy.

We excluded patients who discontinued 1 medication and
substituted another (ie, switchers), because analysis of
response to therapy was intractable. Although we did not
attempt to directly ascertain the glycemic response to newly
initiated medications in switchers, we suspect it would not be
substantively different.

Finally, we were unable to ascertain pharmacy utilization at
non-Kaiser pharmacies. However, we limited our analysis to
members with a drug benefit, which is only recognized at
Kaiser pharmacies; thus there is a substantial economic incen-
tive for members with a drug benefit to use only Kaiser phar-
macies. In a 2005-2006 survey of 20 188 diabetic Kaiser
members (DISTANCE Study), those patients with drug
benefits reported using non-Kaiser pharmacies on average less
than a single time (0.4 times) in the past 12 months.40

Our study had certain unique strengths. Our source popu-
lation of more than 3 million individuals represents approxi-
mately one third of the population of northern California.
Our population had broad age, sex, and racial/ethnic diversity
and uniform access to care. The Kaiser Permanente Northern
California population is representative of the local surround-
ing and statewide population, except for slight underrepresen-
tation of the extremes of income.11,13,41 Our rich clinical
databases also facilitated statistical adjustment for relevant
confounding variables usually unavailable in administrative or
claims databases. Levels of glycemic control in our population
are similar to those in other published studies from a similar
time period,42 suggesting that our findings are likely generaliz-
able to the large number of insured individuals with diabetes
throughout the United States. Additionally, whereas this
study focused on the glycemic target of A1C less than 7%, a
target used by Kaiser Permanente at the time the study was
carried out (and recommended by the American Diabetes

Take-away Points
About one third of patients with diabetes initiate new-therapy regimens
annually. Thus, understanding the effect of newly added therapies in clinical
practice has public health relevance.

n Initiating metformin, sulfonylurea, thiazolidinediones, or insulin had a sim-
ilar effect in adults with type 2 diabetes (~1 point lowering of A1C).

n Therapy intensification occurred too late in the course of worsening
glycemic control at which point the glucose-lowering effect of a single added
therapy was insufficient to lower A1C under the glycemic target.

n Findings indicate that greater patient and provider commitment to earlier
therapy intensification is needed.



Association), findings are likely applicable to other targets
(eg, less aggressive targets may be desirable for frail or geriatric
patients43).
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