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OBJECTIVE — To determine the efficacy and safety of rosiglitazone (RSG) when added to
insulin in the treatment of type 2 diabetic patients who are inadequately controlled on insulin
monotherapy.
RESEARCH DESIGN AND METHODS — After 8 weeks of insulin standardization and
placebo (PBO) run-in, 319 type 2 diabetic patients with mean baseline HbA1c ⱖ7.5% (8.9 ⫾ 1.1
to 9.1 ⫾ 1.3) on twice-daily insulin therapy (total daily dose ⱖ30 U) were randomized to 26
weeks of additional treatment with RSG (4 or 8 mg daily) or PBO. Insulin dose could be downtitrated only for safety reasons. The primary end point was reduction of HbA1c from baseline.
RESULTS — RSG 4 and 8 mg daily significantly improved glycemic control, which was
unchanged on PBO. By intent-to-treat analysis, treatment with RSG 8 mg plus insulin resulted in
a mean reduction from baseline in HbA1c of 1.2% (P ⬍ 0.0001), despite a 12% mean reduction
of insulin dosage. Over 50% of subjects treated daily with RSG 8 mg plus insulin had a reduction
of HbA1c ⱖ1.0%. Neither total:HDL cholesterol nor LDL:HDL cholesterol ratios significantly
changed with RSG treatment. Serious adverse events did not differ among groups.
CONCLUSIONS — The addition of RSG to insulin treatment results in significant improvement in glycemic control and is generally well tolerated.
Diabetes Care 24:1226 –1232, 2001

T

ype 2 diabetes is a common and serious disorder that accounts for
⬎$100 billion in annual health care
expenditures in the U.S. alone (1), mostly
because of chronic complications associated with the condition. It is characterized

by an impaired sensitivity of target tissues
to insulin and impaired insulin secretion
by pancreatic ␤-cells, which leads to hyperglycemia and, over time, to microvascular and macrovascular complications
(2– 6). Results of the U.K. Prospective Di-
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abetes Study (UKPDS) have shown that
improvement of glycemic control reduces
these complications and that progressive
␤-cell failure usually leads to the need for
combination therapy to maintain glycemic control (7–10). The UKPDS demonstrated that even insulin-treated patients
were unable to sustain adequate glycemic
control.
The insulin-sensitizing effects of the
thiazolidinedione (TZD) class of oral antidiabetic agents may alter the natural history of type 2 diabetes. By improving
insulin sensitivity at the level of the target
tissues, including adipose and muscle tissues, TZDs enhance the effectiveness of
both endogenous and exogenous insulin
(11), thereby improving glycemic control
and perhaps slowing the decline of ␤-cell
function. Rosiglitazone (RSG) is a potent
TZD that binds to the peroxisome proliferator–activated receptor-␥ and improves
insulin action in isolated tissues (11),
␤-cell function in animals (12,13) and
humans (14), and glycemic control in patients with type 2 diabetes (15,16).
This article reports the results of the
efficacy and safety of RSG added to previously ineffective insulin monotherapy in
patients with type 2 diabetes who participated in a multicenter randomized double-blind trial. The aim of this trial was to
demonstrate the therapeutic effect of the
addition of RSG 4 or 8 mg daily while
attempting to keep insulin dosage constant, unless dose reduction was required
to avoid hypoglycemia.
RESEARCH DESIGN AND
METHODS — This randomized double-blind placebo (PBO) controlled study
was conducted at 38 centers in the U.S.
and consisted of a screening visit, a
4-week insulin standardization period, a
4-week PBO run-in period, a 26-week
treatment period, and a follow-up visit.
Patients deemed eligible at screening
entered a standardization period, during
which their insulin regimen was stanDIABETES CARE, VOLUME 24, NUMBER 7, JULY 2001
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dardized to twice-daily injections. Insulin
dose could be adjusted at the investigator’s discretion during this period, but remained constant thereafter, unless dose
reduction was required to avoid hypoglycemia. Subsequent reductions in insulin
dosage were made at the discretion of the
investigator.
After completion of the 4-week insulin standardization period, there was a
4-week single-blind PBO run-in period,
during which the insulin dose was held
constant and patients took RSG-matched
PBO tablets twice daily. Patients were not
eligible for subsequent randomization
unless they had a fasting plasma glucose
(FPG) of 7.8 –16.7 mmol/l on insulin
monotherapy. Eligible individuals were
then randomly assigned to PBO, RSG
2 mg bid (4 mg total daily dose), or RSG
4 mg bid (8 mg total daily dose) in a 1:1:1
ratio. Patients continued their established
insulin dose for the duration of the study,
and alterations were permitted only in patients with sustained low glucose values
(7-day mean capillary glucose level of
⬍5.6 mmol/l on home monitoring), or in
those with severe or recurrent hypoglycemic episodes. No other antidiabetic medications were allowed.
Double-blind study medication taken
during the treatment period consisted of
RSG or matched PBO tablets. Randomization codes were generated with an internal software system, and each bottle was
labeled only with study number, medication code, and instructions for use. No
patients, investigators, or SmithKline
Beecham personnel directly involved in
the study were aware of treatment allocation until the code was broken and the
data analyzed.
Male and female patients 18 – 80
years of age were eligible if they met the
National Diabetes Data Group definition
for type 2 diabetes (17), if they were receiving ⱖ30 U insulin/day, and if they
had a fasting C-peptide level ⱖ0.13
nmol/l and an HbA1c ⱖ7.5% at the initial
screening. Female patients had to be postmenopausal, surgically sterile, or using
adequate contraception.
Patients were excluded from participation if they had any of the following at
baseline: elevated liver enzymes (ⱖ2.5
times the upper limit of the reference
range), serum creatinine ⬎160 mmol/l,
anemia (Hb ⬍11 g/dl for men or ⬍10 g/dl
for women), BMI ⬍22 or ⬎42 kg/m2, a
history of ketoacidosis, angina/New York
DIABETES CARE, VOLUME 24, NUMBER 7, JULY 2001

Health Academy class III/IV cardiac insufficiency, electrocardiographic evidence of
marked left ventricular hypertrophy, uncontrolled hypertension, or hemoglobinopathy. In addition, patients with a
variation in body weight ⬎10% while receiving insulin during the run-in period
were excluded. Patients with FPG ⱖ19.4
mmol/l on two consecutive study visits
were withdrawn from the study.
Each eligible patient gave written informed consent before initiation of any
study-related procedures. Both the statement of informed consent and the study
protocol were approved by an institutional review board at each study location before the center’s initiation into the
study. The study was conducted according
to the U.S. Code of Federal Regulations
Good Clinical Practice Guidelines and the
Declaration of Helsinki (amended).
End points and safety parameters
The primary end point was change in
HbA1c from baseline after 26 weeks of
treatment. Secondary end points included mean change from baseline in FPG, lipids, and total daily insulin dose and
percent change from baseline in daily insulin dose. At each visit, laboratory specimens were collected before the patients’
first daily doses of insulin and study medication.
Medical history, a complete physical
examination, and an electrocardiogram
were conducted before and after the treatment period. Blood pressure (BP), heart
rate, body weight, glucose meter values,
and compliance were monitored at all
study visits. Vital signs, diabetes-related
symptoms, hypoglycemic events, adverse
events, and routine laboratory tests (including blood chemistry, hematology,
urinalysis, and lipid profile) were assessed at weeks 4, 8, 12, 18, and 26. Liver
function was monitored via aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase, and
total bilirubin.
SmithKline Beecham Clinical Laboratories performed all laboratory tests except insulin assays. HbA1c was assessed
by Variant, a high-performance liquid
chromatography method (Bio-Rad, Hercules, CA). Linco Research (St. Charles,
MO) assayed insulin samples. Upon collection, samples for insulin assay were
frozen immediately and shipped to SmithKline Beecham Clinical Laboratories for

storage. The frozen samples were then
shipped in bulk to Linco for analysis.
Statistical methods
The primary population for statistical inferences was the intent-to-treat population, defined as randomized patients with
at least one on-therapy data point for the
specified efficacy parameter. For patients
who were withdrawn before the end of
the 26-week study period, analyses were
based on the last on-therapy value carried
forward.
To assess differences between the
treatment groups with regard to continuous variables (e.g., HbA1c), an analysis
of covariance procedure was used to
account for the variability caused by regions, treatments, and baseline. The treatment comparisons of least-square means
(adjusted treatment means) were performed using PROC MIXED in SAS.
There were no statistically significant
treatment-by-region interactions. Some
secondary end points (total:HDL cholesterol ratio and LDL cholesterol) violated
normality assumptions and were analyzed by Wilcoxon’s rank-sum test.
Change and percent change from
baseline in insulin dose were calculated
by treatment groups. In addition, the extent of change in total daily insulin dose
was also analyzed as ordered outcomes
(decrease, no change, and increase in
dose), and the pairwise comparisons between treatment groups were made using
the extended Mantel-Haenszel 2 test
(mean score statistic) (18). Comparisons
among all three pairs of treatments were
performed using Hochberg’s modification to the Bonferroni multiple-comparison procedure with P ⫽ 0.05.
RESULTS — Of the 370 patients
screened, 367 met the inclusion criteria
and entered the PBO run-in phase. At the
end of the run-in period, 319 patients
(86.9%) were randomized to treatment.
Of the 48 patients withdrawn before randomization, 29 failed to meet entry criteria, 7 were lost to follow-up, 4 were
withdrawn because of protocol deviations, 4 were withdrawn because of adverse events, and 4 withdrew by personal
choice. Six of the randomized patients
were dispensed study medication but
withdrew before valid postbaseline measurements could be obtained. Thus, the
intent-to-treat population comprised 313
patients.
1227
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Table 1—Baseline characteristics (all randomized patients)
Treatment group
Characteristic
n
Age (years)
Range
Sex (M/F)
Race (white/black/other)
BMI (kg/m2)
Years since diagnosis of diabetes

I⫹PBO

I⫹RSG 4 mg/day

I⫹RSG 8 mg/day

104
55.6 ⫾ 10.3
32–79
58/46
71/19/14
32.7 ⫾ 4.5
11.7 ⫾ 6.2

106
57.1 ⫾ 10.0
29–80
60/46
76/20/10
32.1 ⫾ 4.8
12.7 ⫾ 7.3

103
57.7 ⫾ 10.2
26–77
56/47
73/16/14
32.3 ⫾ 4.9
12.5 ⫾ 8.0

Data are means ⫾ SD or n unless otherwise indicated.

Demographic and baseline metabolic
characteristics were comparable among
the three treatment groups (Table 1). Similar proportions of the groups completed
the study: 79, 81, and 77% in the insulin
plus placebo (I⫹PBO), insulin plus rosiglitazone (I⫹RSG) 4 mg/day, and I⫹RSG
8 mg/day treatment groups, respectively.
The most common reasons for withdrawal in the I⫹PBO group were deviation from protocol (7 of 107, 7%), lack of
efficacy (5 of 107, 5%), and loss to follow-up (5 of 107, 5%). In the RSG groups,
the most common reasons were adverse
experiences (17 of 212, 8%) and protocol
deviations (9 of 212, 4%).
Therapeutic efficacy
The patterns of HbA1c and FPG values
over the 26-week treatment period are illustrated in Fig. 1. Substantial reductions
in glucose levels were evident as early as 2
weeks of dosing at 8 mg/day. In the RSG
groups, maximal reductions in FPG and
HbA1c occurred between treatment weeks
8 and 12 (Fig. 1).
I⫹RSG twice daily resulted in statistically significant dose-related decreases
in HbA1c at week 26 compared with baseline or with insulin alone (Table 2). At
week 26, more patients treated with
I⫹RSG 4 or 8 mg/day versus patients
treated with I⫹PBO demonstrated a decrease in HbA1c of ⱖ0.7% (45.3 and 68.0
vs. 17.5%, respectively) or a decrease of
ⱖ1% (34 and 59 vs. 11%, respectively).
There were significant differences in
change from baseline in mean FPG, which
dropped steadily through week 8 in both
I⫹RSG groups but increased to a small
extent in the I⫹PBO group (Fig. 1B).
Patients with baseline HbA1c ⱖ9%
who were treated with I⫹RSG 4 or 8 mg/
day had mean changes from baseline
HbA1c of ⫺0.9 and ⫺1.52%, respec1228

tively. This compares with a mean change
of ⫺0.2% for patients treated with
I⫹PBO. Patients with HbA1c ⱖ9% experienced a reduction from baseline in FPG
levels of ⫺0.14 and ⫺0.17 mmol/l for

I⫹RSG 4 and 8 mg/day, respectively,
whereas FPG increased by 0.09 mmol/l in
the I⫹PBO group.
In patients with baseline HbA1c ⬍9%,
treatment with I⫹RSG 4 or 8 mg/day resulted in reductions from baseline of
⫺0.4 and 0.9%, respectively. FPG levels
decreased from baseline by 0.12 and
0.10 mmol/l in patients treated with
I⫹RSG 4 or 8 mg/day, respectively. In the
I⫹PBO group, HbA1c increased by 0.3%,
and FPG did not change in patients with
baseline HbA1c ⬍9%.
Despite the intended restrictions in
insulin dose reductions, total daily insulin
dose was reduced for significantly more
patients in the I⫹RSG 4 and 8 mg/day
groups (36 of 106 patients, P ⱕ 0.001,
and 45 of 103 patients, P ⱕ 0.001, respectively) than in the I⫹PBO group (14 of

Figure 1—A: HbA1c over time. —F—, I⫹PBO; —f—, I⫹RSG 4 mg daily; ——, I⫹RSG 8 mg
daily. B: FPG over time. —F—, I⫹PBO; —f—, I⫹RSG 4 mg daily; ——, I⫹RSG 8 mg daily.
Error bars ⫽ SE.
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Table 2—Changes in glycemic parameters at week 26
Treatment group

HbA1c (%)*
n†
Baseline
Week 26
Change from baseline
P‡
Difference from PBO§
P㛳
FPG (mmol/l)¶
n†
Baseline
Week 26
Change from baseline
P‡
Difference from PBO§
P㛳
Insulin dose
n†
Baseline (U)
Week 26 (U)
Change from baseline (U)
Percent change from baseline (%)

I⫹PBO

I⫹RSG 4 mg/day

I⫹RSG 8 mg/day

103
8.9 ⫾ 1.1
9.0 ⫾ 1.2
0.1 ⫾ 1.0
0.2032
—
—

106
9.1 ⫾ 1.3
8.5 ⫾ 1.4
⫺0.6 ⫾ 1.1
⬍0.0001
⫺0.7
⬍0.0001

103
9.0 ⫾ 1.3
7.9 ⫾ 1.4
⫺1.2 ⫾ 1.1
⬍0.0001
⫺1.3
⬍0.0001

103
10.8 ⫾ 2.9
11.4 ⫾ 3.6
0.6 ⫾ 3.8
0.1273
—
—

106
11.8 ⫾ 3.2
9.5 ⫾ 3.2
⫺2.3 ⫾ 3.9
⬍0.0001
⫺2.2
⬍0.0001

103
11.6 ⫾ 3.2
9.1 ⫾ 3.3
⫺2.5 ⫾ 3.3
⬍0.0001
⫺2.6
⬍0.0001

104
70.1 ⫾ 30.4
69.7 ⫾ 31.1
⫺0.4 ⫾ 5.6
⫺0.6 ⫾ 8.2

106
71.3 ⫾ 43.8
66.5 ⫾ 38.2
⫺4.8 ⫾ 14.6
⫺5.6 ⫾ 15.9

103
77.7 ⫾ 36.4
68.3 ⫾ 36.7
⫺9.4 ⫾ 16.7
⫺12.0 ⫾ 20.2

Data are means ⫾ SD unless otherwise indicated. *Reference range: ⬍6.5; †intent-to-treat population, last
observation carried forward; ‡paired t test; §adjusted mean difference, pairwise comparison; 㛳from comparisons of least-squares means within generalized linear model; ¶reference range: 13–50 years, 3.9 – 6.4
mmol/l; ⱖ50 years, 3.6 – 6.9 mmol/l.

104 patients). Mean total daily insulin
dose reductions were 12, 5.6, and
0.6% for the I⫹RSG 8 mg/day, I⫹RSG
4 mg/day, and I⫹PBO groups, respectively (Table 2).
At week 26, RSG treatment was associated with significant decreases from
baseline in free fatty acids in both the
I⫹RSG 4 and 8 mg/day treatment groups.
In both I⫹RSG treatment groups, these
changes were significantly different from
the slight increase in free fatty acids observed in the I⫹PBO group (P ⬍ 0.01)
(Table 3).
Mean serum triglyceride levels did
not significantly change from baseline in
either I⫹RSG group compared with a significant increase in patients receiving
I⫹PBO. Mean total cholesterol, LDL cholesterol, and HDL cholesterol increased in
both RSG treatment groups. However,
median total:HDL cholesterol and LDL:
HDL cholesterol ratios were without
changes from baseline in either I⫹RSG
group and were similar across all treatment groups (ratios presented as medians
because they required nonparametric
analyses) (Table 3).
DIABETES CARE, VOLUME 24, NUMBER 7, JULY 2001

Safety parameters
Overall, treatment with RSG in combination with insulin was safe and well tolerated. The most common adverse event
(AE) was symptoms consistent with hypoglycemia, which was reported in 57 of
107 patients (53%) of the I⫹RSG 4 mg
group and 70 of 105 (67%) of the I⫹RSG
8 mg group compared with 41 of 107
(38%) in the I⫹PBO group. In all but
four of these patients, the investigator
classified the hypoglycemia as mild or
moderate. Documented hypoglycemia,
confirmed by an at-home capillary blood
glucose concentration ⱕ2.8 mmol/l, was
observed in 6% (I⫹PBO), 12% (I⫹RSG
4 mg), and 14% (I⫹RSG 8 mg) of patients. Three patients withdrew as a result
of signs or symptoms of hypoglycemia;
one was receiving I⫹PBO, and two were
receiving I⫹RSG 8 mg/day. In the two
groups receiving I⫹RSG, the proportion
of patients having hypoglycemic events increased in the early months of the study.
By 6 months, however, the monthly rate
of hypoglycemia was the same as at baseline for these groups. In general, patients
were managed by insulin dose reduc-

tions. More patients in the I⫹RSG groups
reported edema (13.1% with I⫹RSG
4 mg and 16.2% with I⫹RSG 8 mg) than
in the I⫹PBO group (4.7%). Investigators
classified these events as mild to moderate, and none were considered serious.
Congestive heart failure (CHF) was reported in two patients in each I⫹RSG
group and in one patient in the I⫹PBO
group. Of these, one patient in each
I⫹RSG group had a prior documented
history of CHF.
Small but statistically significant decreases in Hb (0.5 g/dl with I⫹RSG 4 mg
and 1.0 g/dl with I⫹RSG 8 mg vs. 0.0 g/dl
with I⫹PBO) and in hematocrit (1.9%
with I⫹RSG 4 mg and 3.0% with I⫹RSG
8 mg vs. 0.3% with I⫹PBO) occurred
during RSG treatment. A total of 36 patients (5, 14, and 17 in the I⫹PBO,
I⫹RSG 4 mg, and I⫹RSG 8 mg treatment
groups, respectively) had at least one episode of one type of edema during the
double-blind treatment period. Four of
these patients (two in each I⫹RSG treatment groups) entered the study with
edema. No case of edema was considered
to be a serious AE; therefore, no patients
were withdrawn. BP was unchanged in
the I⫹PBO and I⫹RSG 4 mg/day groups.
There was a decrease of 2.6 mmHg in diastolic pressure in the I⫹RSG 8 mg/day
group (P ⬍ 0.005). Body weight increased significantly in all treatment
groups (mean increase 0.9, 4.0, and
5.3 kg in I⫹PBO, I⫹RSG 4 mg, and
I⫹RSG 8 mg groups, respectively). There
was no significant change in mean waistto-hip ratio (WHR) relative to baseline or
to the I⫹PBO group in either I⫹RSG
treatment group. No patients showed an
increase of AST, ALT, or alkaline phosphatase values ⬎2.5 times the upper limit
of the reference range or total bilirubin
⬎1.5 times the upper limit of the reference range.
CONCLUSIONS — The results of
this study demonstrate the efficacy of RSG
in improving glycemic control in inadequately controlled insulin-treated patients with type 2 diabetes. RSG treatment
resulted in a significant dose-related decrease in HbA1c values and in a significant
improvement in FPG concentrations. The
effect of RSG on FPG concentrations was
apparent within 2 weeks of initiating treatment. Its effect on HbA1c values reached
its nadir at 18 weeks and was sustained
for the remainder of the study period. The
1229
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Table 3—Change from baseline in secondary end points at week 26
Treatment group

FFAs (g/I)
Reference range: 0.05–0.25
n*
Baseline
Week 26
Change from baseline
P†
Triglycerides (mmol/l)
Reference range: ⬍2.26
n*
Baseline
Week 26
Change from baseline
P†
Total cholesterol (mmol/l)
Reference range: ⬍5.17
n*
Baseline
Week 26
Change from baseline
P†
HDL cholesterol (mmol/l)
Reference range: ⬎0.88
n*
Baseline
Week 26
Change from baseline
P†
LDL cholesterol (mmol/l)‡
Reference range: 0–3.36
n*
Baseline
Week 26
Change from baseline (median)
P†
Total cholesterol:HDL ratio‡
n*
Baseline
Week 26
Change from baseline (median)
P†
LDL:HDL ratio‡
Reference range: N/A
n*
Baseline
Week 26
Change from baseline (median)
P†

I⫹PBO

I⫹RSG 4 mg/day

I⫹RSG 8 mg/day

101
0.16 ⫾ 0.08
0.18 ⫾ 0.08
0.01 ⫾ 0.08
0.165

104
0.17 ⫾ 0.08
0.15 ⫾ 0.80
⫺0.02 ⫾ 0.07
0.0066

103
0.16 ⫾ 0.07
0.15 ⫾ 0.07
⫺0.02 ⫾ 0.08
0.0138

102
2.57 ⫾ 2.27
3.10 ⫾ 3.70
0.53 ⫾ 2.30
0.0211

104
2.66 ⫾ 2.92
2.91 ⫾ 2.53
0.25 ⫾ 3.24
0.4253

103
2.45 ⫾ 2.13
2.50 ⫾ 2.27
0.05 ⫾ 1.72
0.7527

102
5.36 ⫾ 0.93
5.54 ⫾ 1.29
0.19 ⫾ 0.85
0.0262

104
5.48 ⫾ 1.06
5.99 ⫾ 1.28
0.51 ⫾ 1.15
⬍0.0001

103
5.43 ⫾ 1.24
6.18 ⫾ 1.51
0.75 ⫾ 1.36
⬍0.0001

102
1.20 ⫾ 0.34
1.26 ⫾ 0.35
0.06 ⫾ 0.2
0.0006

104
1.21 ⫾ 0.38
1.28 ⫾ 0.36
0.17 ⫾ 0.36
0.0674

103
1.18 ⫾ 0.39
1.34 ⫾ 0.50
0.16 ⫾ 0.46
0.0005

95
3.10 ⫾ 0.84
3.10 ⫾ 0.94
0.01
0.7598

98
3.19 ⫾ 0.79
3.43 ⫾ 0.85
0.28
0.0001

98
3.23 ⫾ 0.98
3.73 ⫾ 1.18
0.38
⬍0.0001

102
4.75 ⫾ 1.497
4.63 ⫾ 1.546
⫺0.13
0.063

104
4.81 ⫾ 1.407
5.07 ⫾ 1.890
0.11
0.2522

103
4.92 ⫾ 1.595
5.08 ⫾ 2.062
0.06
0.6999

95
2.67 ⫾ 0.923
2.53 ⫾ 0.959
⫺0.13
0.0106

98
2.85 ⫾ 0.986
2.89 ⫾ 1.048
0.05
0.4138

98
2.83 ⫾ 0.956
3.00 ⫾ 1.124
0.07
0.4199

Data are means ⫾ SD unless otherwise indicated. FFA, free fatty acid. *Intent-to-treat population, last
observation carried forward; †from paired t test; ‡parameter required nonparametric analysis.

improvements in FPG were evident despite decreases in the insulin dose of 6 and
12% in the RSG 4 and 8 mg/day treatment
groups, respectively, and the design con1230

straints, which attempted to minimize insulin dose reduction. However, owing to
the robust glycemic reductions in some
subjects, numerous patients required in-

sulin dose reductions; 25 patients (24%)
treated with RSG 8 mg/day and 15 patients (14%) treated with RSG 4 mg/day
required a dose reduction of ⬎20%. This
is consistent with previous reports on the
impact of adding a TZD to insulin therapy
in patients with type 2 diabetes (19,20).
There was no relationship between demographic or metabolic characteristics and
improvements in glycemia. In addition,
there were no predictors of response to
RSG treatment.
These findings indicate that insulintreated patients with type 2 diabetes may
experience improved glycemic control
with the addition of RSG. These data also
suggest that the signs or symptoms of hypoglycemia might be anticipated when
RSG is administered in combination with
insulin and are easily managed with insulin dose reduction.
RSG was generally well tolerated. The
proportion of patients reporting at least
one on-therapy AE was increased in the
I⫹RSG–treated patients. These differences are largely accounted for by the
greater proportions of patients in the
I⫹RSG treatment groups who had hypoglycemia, anemia, edema, arthralgia,
weight gain, and hyperlipidemia. In all
groups, the most frequently reported AE
was hypoglycemia, an expected event by
virtue of RSG’s mechanism of action,
which can be managed expectantly (as
needed) with cautious RSG titration and
insulin dose reduction as needed. An increased incidence of edema and decreases
in mean Hb and hematocrit were also observed in patients treated with I⫹RSG.
These effects are consistent with expansion of plasma volume and hemodilution,
which has been observed during treatment with all members of the TZD class
(11,21). The incidence of edema was
greater than that observed with monotherapy or in combination with metformin and sulfonylureas (11,22,23).
This increased incidence of edema has
also been observed with use of pioglitazone in combination with insulin (24).
The mechanism by which this occurs is
unknown; plausible hypotheses for the
increased incidence of edema with this
combination include enhancement of the
antinatriuretic or peripheral vasodilatory
effects of insulin (25) as well as other
host factors that might increase susceptibility. In this study, the incidence of
heart failure was low in the groups
treated with RSG and not clearly differDIABETES CARE, VOLUME 24, NUMBER 7, JULY 2001
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ent from the group treated with insulin
alone. However, since TZDs and insulin
can cause fluid retention, patients at risk
for heart failure should be closely monitored. RSG treatment was also associated
with significantly greater increases in
weight as compared with patients
treated with I⫹PBO. These increases
may be attributable to several factors previously reported with TZDs, including
improvement in glycemic control, fluid
retention (11,21), adipocyte differentiation (11,26), and increased appetite
(27). It is notable that despite weight
increases observed with RSG treatment,
no significant differences in WHR were
observed between the I⫹RSG and
I⫹PBO groups. There was no evidence
of hepatotoxicity in this trial.
The changes in lipoprotein values
seen during this study require additional
comment. The observed reduction of
plasma free fatty acid levels probably reflects a primary site of action, including
the suppression of lipolysis and RSG at
the adipose tissues (11). This change
could contribute to improvement of insulin sensitivity in other tissues. RSG
treatment had little effect on plasma triglyceride concentration. The ratios of serum HDL:LDL cholesterol and total:HDL
cholesterol, predictors of cardiovascular
risk (28,29), did not change because of
the increase in HDL cholesterol concentrations, which was offset by an increase
in total cholesterol levels.
Prescribers should be aware of the
gradual onset of action of this agent, with
maximal effects on HbA1c occurring up to
ⱖ3 months after treatment begins. Insulin dosage may need to be adjusted to
avoid or manage hypoglycemia. Customary dose titration of RSG should be used,
and insulin dosage should be adjusted.
Furthermore, as reported with other
TZDs, awareness of the potential for fluid
retention in combination use with insulin
is required.
These findings conclude that the coadministration of RSG with insulin results
in a sustained improvement in glycemic
control when administered to patients
with type 2 diabetes who are poorly controlled on insulin therapy alone. In addition, these findings support early studies
suggesting that RSG improves glycemic
control by increasing insulin sensitivity in
patients with type 2 diabetes.
DIABETES CARE, VOLUME 24, NUMBER 7, JULY 2001

APPENDIX
Rosiglitazone Clinical Trials Study
Group
Stuart R.Weiss, MD, San Diego Endocrine
& Medical Clinic, San Diego, CA; G. Stephen DeCherney, MD, Medical Center of
Delaware, Newark, DE; Paresh Dandona,
MBBS, DPhil, FRCP, Millard Fillmore
Hospital, Buffalo, NY; Joseph Barrera,
MD, East Bay Internal Medicine, Berkeley, CA; Kathleen Baskett, MD, Northwest
Physicians Research Network, Missoula,
MT; John D. Stokes, MD, FL Pharmaceutical Research Corp., Palm Harbor, FL;
Bruce T. Bowling, MD, Endwell Family
Physicians, Endwell, NY; Mark R. Burge,
MD, University of New Mexico Hospital,
Albuquerque, NM; Gregory V. Collins,
MD, Charlotte Clinical Research, Charlotte, NC; Harry K. Delcher, MD, GA Baptist Medical Center, Atlanta, GA; Frank
P. Maggiacomo, DO, Silver Lake Medical,
Inc., Providence, RI; John D. Norton, MD,
Internal Medical Specialists Research,
Colorado Springs, CO; W. Thomas Garland, MD, Lawrence Clinical Research,
Lawrenceville, NJ; Andrew J. Lewin, MD,
National Research Institute, Los Angeles,
CA; Daniel H. Brune, MD, Creve Coeur
Family Practice, Peoria, IL; Julio C. Pita,
MD, Miami, FL; Harvey Resnick, MD, R/D
Clinical Research, Inc., Lake Jackson, TX;
Steven D. Hsi, MD, Albuquerque, NM;
John D. Bagdade, MD, Oregon Research
Group, Eugene, OR; John Matlock, MD,
Diagnostic Clinic of San Antonio, San Antonio, TX; Robert J. Noveck, MD, PhD,
Clinical Research Center, New Orleans,
LA; William S. Mullican, MD, MediSphere Medical Research Center, Evansville, IN; David J. Morin, RPh, MD, Tri
Cities Medical Research, Bristol, TN;
David J. Miller, DO, Bucks County Clinical Research, Morrisville, PA; Daniel E.
Gremillion, MD, Nashville Research Associates, Nashville, TN; Phillip D. Toth,
MD, Midwest Institute for Clinical Research, Indianapolis, IN; Robert Zorba
Paster, MD, Dean Medical Center (Oregon), Oregon, WI; Richard L. Weinstein,
MD, Diablo Clinical Research, Inc., Walnut Creek, CA; William J. Henry, MD,
MedQuest, Inc., Greer, SC; Ronald Eric
McAllister, DPhil, MD, Ukiah, CA; Barbara C. Mitchell, MD, Division of Clinical
Research, Mobile, AL; Ronald C. Gove,
MD, Jersey Foundation Group, Inc.,
Pleasantville, NJ; Katikineni Mohan, MD,
Riverside Clinical Research Center of

Washington, Riverdale, MD; Robert K.
Hippert, DO, Fleetwood Medical Associates, Fleetwood, PA; Claudio RenjifroRomero, MD, San Juan, Puerto Rico;
Geoffrey P. Redmond, MD, Foundation
for Developmental Endocrinology, Inc.,
Cleveland, OH; L. Raymond Reynolds,
MD, Lexington Clinic, Lexington, KY;
Jaime E. Trujillo, MD, Salem Research
Group, Inc., Winston-Salem, NC; Andres
Patron, DO, South Florida Clinical Research Center, Hollywood, FL; Richard
M. Tucker, MD, Wenatchee Valley Clinic,
Wenatchee, WA; Lawrence Phillips, MD,
The Emory Clinic, Atlanta, GA; John K.
Earl, MD, Unifour Medical Research Associates/Medical Arts Clinic, Hickory,
NC; George A. Scharyj, MD, Tucker, GA;
Stephen R. Richard, MD, Richmond Family Practice, Richmond, VA; Daniel A.
Nadeau, MD, Eastern Maine Medical
Center, Bangor, ME; Leslie J. Klaff, MD,
PhD, Rainier Clinical Research Center,
Renton, WA; Jeffrey S. Freeman, DO,
Philadelphia College of Osteopathic Medicine, Philadelphia, PA; Seymour J.
Rosenbloom, PhD, MD, Endocrinology
and Internal Medicine Specialists, Marietta, GA; Paul B. Moore, MD, Center for
Clinical Research of Austin Diagnostic
Clinic, Austin, TX; Sam S. Miller, MD, San
Antonio, TX; Jeffrey R. Herbst, MD, Hill
Top Research, Inc., Portland, OR; Carol
Wysham, MD, Rockwood Clinic, P.S. &
Future Scripts, Spokane, WA; John D.
Gabriel, MD, North Hills Medical Research, North Richland Hills, TX; George
Grunberger, MD, Wayne State University
School of Medicine, Detroit, MI; Sid
Rosenblatt, MD, The Irvine Clinical Research Center, Irvine, CA; Corbin P.
Roudebush, MD, Diabetes & Endocrinology Associates, Indianapolis, IN; Carol B.
Teutsch, MD, Northside Internists & Endocrinologists, Atlanta, GA; John A.
Holmes, MD, Sunflower Medical Group,
Mission, KS; Mildred V. Farmer, MD,
Clinical Studies, FL, St. Petersburg, FL;
Emil M. Skobeloff, MD, Crozer-Chester
Medical Center, Upland, PA; William B.
Smith, MD, New Orleans Center for
Clinical Research, New Orleans, LA;
William D. Zigrang, MD, Burlingame,
CA; Abbas E. Kitabchi, PhD, MD, University of Tennessee Hospital, Memphis, TN; Martin J. Stevens, MD,
University of Michigan Medical Center,
Ann Arbor, MI
1231

Rosiglitazone in combination with insulin

Acknowledgments — The authors acknowledge Linda Hand; Jai Patel, MD; Alice Jenik;
and Carolyn Oddo, MPH, for their valuable
contributions.

References
1. Ratner RE: Type 2 diabetes mellitus: the
grand overview. Diabet Med 15 (Suppl. 4):
S4 –S7, 1998
2. Gerstein HC, Pais P, Pogue J, Yusuf S: Relationship of glucose and insulin levels to
the risk of myocardial infarction: a casecontrolled study. J Am Coll Cardiol 33:
612– 619, 1999
3. Reaven GM: Pathophysiology of insulin
resistance in human disease. Phys Rev 75:
473– 486, 1997
4. Klein R, Klein BE, Moss SE: Relation of
glycemic control to diabetic microvascular complications in diabetes mellitus.
Ann Intern Med 124:90 –96, 1996
5. Klein R: Hyperglycemia and microvascular and macrovascular disease in diabetes.
Diabetes Care 18:258 –268, 1995
6. Groop LC, Widen E, Ferrannini E: Insulin
resistance and insulin deficiency in the
pathogenesis of type 2 (non-insulin-dependent) diabetes mellitus: errors of metabolism or of methods? Diabetologia 36:
1326 –1331, 1993
7. Matthews DR, Cull CA, Stratton IM, Holman RR, Turner RC: UKPDS 26: Sulphonylurea failure in non-insulin-dependent
diabetic patients over six years: UK Prospective Diabetes Study (UKPDS) Group.
Diabet Med 15:297–303, 1998
8. Birkeland KI, Rishaug U, Hanssen KF,
Vaaler S: NIDDM: A rapid progressive
disease: results from a long-term, randomised, comparative study of insulin or
sulphonylurea treatment. Diabetologia 39:
1629 –1633, 1996
9. Turner RC: The U.K. Prospective Diabetes
Study: a review. Diabetes Care 21 (Suppl.
3):C35–C38, 1998

1232

10. UK Prospective Diabetes Study Group:
UK Prospective Diabetes Study 16: overview of 6 years’ therapy of type II diabetes:
a progressive disease. Diabetes 44:1249 –
1258, 1995
11. Day C: Thiazolidinediones: a new class of
antidiabetic drugs. Diabet Med 16:179 –
192, 1999
12. Smith S, Boam D, Bretherton-Watt D,
Cawthorne MA, Moore G, Loughborough
S, Warrack J, Wilkinson M, Lis C: Rosiglitazone increases pancreatic islet area,
density and insulin content, but not insulin gene expression (Abstract). Diabetes
47 (Suppl. 1):A18, 1998
13. Finegood DT, McArthur MD, Dunichand-Hoedl A, Thomas MJ, Leonard
TB, Buckingham RE: The PPAR␥ agonist, rosiglitazone, reverses hyperinsulinemia and promotes growth of islet
␤-cell mass. Diabetes 47(Suppl. 1):A47,
1998
14. Fonseca V, Rosenstock J, Patwardhan R,
Salzman A: Effect of metformin and rosiglitazone combination therapy in patients with type II diabetes mellitus. JAMA
283:1695–1702, 2000
15. Grunberger G, Weston WM, Patwardhan
R, Rappaport EB: Rosiglitazone once or
twice daily improves glycemic control in
patients with type 2 diabetes (Abstract).
Diabetes 48 (Suppl. 1):A102, 1999
16. Raskin P, Rappaport EB: Rosiglitazone
short-term monotherapy lowers fasting
and post-prandial glucose in patients with
type II diabetes. Diabetologia 43:278 –284,
2000
17. National Diabetes Data Group: Classification and diagnosis of diabetes mellitus
and other categories of glucose intolerance. Diabetes 28:1039 –1057, 1979
18. Stokes ME, Davis CS, Koch GG: Categorical Data Analysis Using the SAS System.
Cary, NC, SAS Institute, 1995
19. Schwartz S, Raskin P, Fonseca V, Graveline JF: Effect of troglitazone in insulintreated patients with type II diabetes

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

mellitus. N Engl J Med 338:861– 866,
1998
Leiter L, Ross S, Halle J-P, Tomovici A:
Efficacy and safety of troglitazone in
type 2 diabetic patients inadequately controlled on insulin therapy (Abstract). Diabetes 48 (Suppl. 1):A115, 1999
Young MM, Squassante L, Wemer J, van
Marle SP, Dogterom P, Johnkman JH:
Troglitazone has no effect on red cell mass
or other erythropoietic parameters. Eur
J Clin Pharmacol 55:101–104, 1999
Lebovitz H, Dole JF, Patwardhan R, Rappaport EB, Freed MI: Rosiglitazone monotherapy is effective in patients with type 2
diabetes. J Clin Endocrinol Metab 86:280 –
288, 2000
Avandia (Rosiglitazone): Full Prescribing Information. Philadelphia, PA, SmithKline
Beecham Pharmaceuticals, 2000
Actos (Pioglitazone): Full Prescribing Information. Lincolnshire, IL, Takeda Pharmaceuticals America; Indianapolis, IN, Eli
Lilly and Company, 1999
Gupta AK, Clark RV, Kirchner KA: Effects
of insulin on renal sodium excretion. Hypertension 19 (Suppl. 1):178 –182, 1992
Hallakou S, Doare L, Foufelle F, Kergoat
M, Guerre-Millo M, Berthault MF, Dugail
I, Morin J, Auwerx J, Ferre P: Pioglitazone
induces in vivo adipocyte differentiation
in the obese Zucker fa/fa rat. Diabetes 46:
1393–1399, 1997
Shimuzu H, Tsuchiya T, Sato N, Shimomura Y, Kobayashi I, Mori M: Troglitazone reduces plasma leptin concentration
but increases hunger in NIDDM patients.
Diabetes Care 21:1470 –1474, 1998
Criqui MH, Golomb BA: Epidemiologic
aspects of lipid abnormalities. Am J Med
105:48S–57S, 1998
Kinosian B, Glick H, Garland G: Cholesterol and coronary heart disease: predicting risks by levels and ratios. Ann Intern
Med 121:641– 647, 1994

DIABETES CARE, VOLUME 24, NUMBER 7, JULY 2001

