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Aim: To compare the efficacy, safety and tolerability of adding rosiglitazone (RSG) vs. sulphonylurea (SU) dose

escalation in older type 2 diabetes mellitus (T2DM) patients inadequately controlled on SU therapy.

Methods: A total of 227 T2DM patients from 48 centres in the USA and Canada, aged �60 years, were randomized to

receive RSG (4 mg) or placebo once daily in combination with glipizide 10 mg twice daily for 2 years in a double-

blind, parallel-group study. Previous SU monotherapy was ¼ to ½ maximum recommended dose for �2 months prior

to screening with fasting plasma glucose (FPG) �7.0 and �13.9 mmol/l. Treatment options were individualized, and

escalation of study medication was specifically defined.

Results: Disease progression (time to reach confirmed FPG �10 mmol/l while on maximum doses of both glipizide

and study medication or placebo) was reported in 28.7% of patients uptitrating SU plus placebo compared with only

2.0% taking RSG and SU combination (p < 0.0001). RSG þ SU significantly decreased HbA1c, FPG, insulin

resistance, plasma free fatty acids and medical care utilization and improved treatment satisfaction compared with

uptitrated SU.

Conclusions: Addition of RSG to SU in older T2DM patients significantly improved glycaemic control and reduced

disease progression compared with uptitrated SU alone but without increasing hypoglycaemia. These benefits were

associated with increased patient treatment satisfaction and reduced medical care utilization with regards to

emergency room visits and length of hospitalization. Early addition of RSG is an effective treatment option for older

T2DM patients inadequately controlled on submaximal SU monotherapy.

Keywords: early combination treatment, elderly subjects, glycaemic control, rosiglitazone, type 2 diabetes

Received 15 March 2005; returned for revision 2 June 2005; accepted 28 June 2005

Introduction

Current guidelines emphasize the importance of achiev-

ing tight glycaemic targets in order to reduce the risk of

complications. Unfortunately, conventional monothera-

pies such as sulphonylureas (SUs) and metformin are

generally unable to maintain glycaemic control in the

long term [1]. The response to this continual loss of

glycaemic control, which was associated with progres-

sive loss of b-cell function in UK prospective diabetes

study (UKPDS) [2], has often been to increase the dose of
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agent given in monotherapy. Despite studies demon-

strating a flattening of the dose–response for SUs at

half the maximal labelled dose [3] and that 50% of

patients required polypharmacy after 3 years in

UKPDS [1], high doses of monotherapy continue to be

widely used in general clinical practice.

New approaches are required therefore in order to

attain and maintain good glycaemic control over time

and aggressive earlier introduction of combination ther-

apy is being increasingly recommended over conven-

tional stepwise strategies [4]. At the same time,

management of elderly patients with type 2 diabetes

mellitus (T2DM) involves special considerations, parti-

cularly with regard to the risk of drug-induced hypogly-

caemia [5]. Here, we describe results from the

Rosiglitazone Early vs. SULphonylurea Titration

(RESULT) Study. This is the longest (2 years), prospec-

tive, double-blind trial that challenges the conventional

paradigm of dose escalation of SU monotherapy in older

subjects with T2DM by comparing the addition of a

thiazolidinedione rosiglitazone (RSG) to submaximal

SU therapy.

Methods

Study Population

Male and female patients aged �60 years, with docu-

mented T2DM [6], who had been treated with submax-

imal SU monotherapy for �3 months prior to screening,

were eligible for inclusion in the study. Patients must

have been on one-quarter to one-half of the maximum-

labelled SU dose for �2 months prior to screening with

fasting plasma glucose (FPG) �7.0 and �13.9 mmol/l at

randomization. Mean duration of diabetes was 6.8 years.

Although patients with ischaemic heart disease (IHD)

could be included in the study, those with severe or

unstable angina, coronary insufficiency or congestive

heart failure (NYHA class III/IV) were excluded.

Study Design

Patients were recruited into this 2-year, randomized,

double-blind, parallel group study from 48 North

American centres. All subjects were converted to glipi-

zide [10 mg BID (twice daily)] at study entry, then

entered a 4-week run-in period (placebo and glipizide

10 mg BID). Thereafter, subjects were randomized to

RSG 4 mg once daily (OD) in combination with glipizide

10 mg BID (RSG þ SU) or RSG-matched placebo OD in

combination with glipizide 10 mg BID (uptitrated SU).

During the study period, physicians individualized

each patient’s treatment using a systematic, stepwise

titration schedule (fig. 1) and were encouraged to titrate

medication to attain American Diabetes Association

(ADA)-recommended targets.

The study was conducted in accordance with Good

Clinical Practice guidelines and the Declaration of

Helsinki, as amended in the Republic of South Africa

(1996). The protocol and informed consent were

approved by an Ethics Committee at each participating

centre prior to study initiation. Each patient gave their

written, informed consent prior to enrolment.

Efficacy and Safety Measurements

The primary endpoint was disease progression, defined

as the time at which FPG rose to �10 mmol/l, confirmed

by a second FPG test within 3 days, for a patient who

had been titrated to maximum doses of SU and study

medication (RSG or placebo).

Secondary endpoints included time to titration of

maximum SU dose and changes from baseline to 24

months in FPG, HbA1c and free fatty acids (FFAs).

Percentage change from baseline at 24 months in insulin

resistance (for patients who did not begin insulin ther-

apy) was estimated using the homeostasis model assess-

ment (HOMA) [7]. Changes in responses from patient

self-administered instruments [the Diabetes Treatment

Satisfaction Questionnaire (DTSQ), the Short Form

36 (SF-36) and the Diabetes Symptom Checklist (DSC)]

[8–11] were assessed from baseline to the end of the

study. Self-reported medical care utilization [emergency

room (ER) visits and hospitalizations] was prospectively

collected at each study visit.

Safety and tolerability were assessed, including

changes in physical examination, vital signs, body

weight, clinical laboratory tests, adverse events (AEs)

and electrocardiograms. Symptomatic hypoglycaemia

data were collected through patient report of suspected

symptoms and did not require confirmation or docu-

mentation of glucose levels.

Assays and Calculations

All assays were performed at a central laboratory. FPG

was measured using a hexokinase method (Olympus

America Inc., Melville, NY, USA), and HbA1c was deter-

mined using the Bio-Rad Variant HbA1c assay (Hercules,

CA, USA). Serum immunoreactive insulin was quanti-

fied using a double-antibody radioimmunoassay (Linco,

St. Louis, MO, USA). Cholesterol was measured by an

enzymatic method that hydrolyses cholesterol esterase

to cholesterol and FFAs. High-density lipoprotein (HDL)
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cholesterol was measured using the direct HDL choles-

terol methodology. Triglycerides were measured using

an enzymatic method that hydrolyses the sample by

lipase to FFAs and glycerol and measures colour forma-

tion. Low-density lipoprotein (LDL) cholesterol was cal-

culated using the Friedwald equation when triglyceride

levels were <400 mg/dl.

Statistical Analysis

The primary efficacy population was the intent-to-treat

(ITT) population, including all patients randomized to

receive study medication who had at least one on-therapy

value for an efficacy parameter. On-therapy data consisted

of observations after baseline, and up to and including 1

day after the last dose of randomized study medication,

but not including data points collected more than 1 day

after initiation of insulin therapy. The safety population

comprised randomized patients who were dispensed

study medication.

The ‘time to event’ endpoints were compared between

treatment groups using a proportional hazard regres-

sion, with baseline HbA1c as a covariate. For the assess-

ment of differences between treatment groups with

regard to continuous variables, a repeated measures ana-

lysis incorporating on-therapy values at all time points

and including the baseline value as a covariate was

employed. Insulin resistance data were log-transformed

prior to analysis. Hospitalizations and ER visits were

assessed using a Poisson regression model, which

included terms for treatment and baseline HbA1c and

accounted for the duration of therapy. This trial was not

Screened: 357

Randomized: 227

         Not randomized: 130 
Inclusion/exclusion criteria: 101 
Adverse experiences: 12 
Lost to follow-up: 2 
Deviation from protocol: 1 
Other: 14 

RSG + SU: 
116 

RSG 4 mg/day + 
glipizide 20 mg/day

Uptitrated SU alone: 
111 

Placebo + 
glipizide 20 mg/day 

        Withdrawals: 54 
Lack of efficacy: 32 
Adverse experiences: 8 
Deviation from protocol: 7 
Lost to follow-up: 1 
Other: 6

        Withdrawals: 24
Lack of efficacy: 3 
Adverse experiences: 11 
Deviation from protocol: 4 
Other: 6

Progressive titration 
If FPG ≥ 10 mmol/l or at 

study physician’s 
discretion

Step 1 ≥Week 6 
Increase RSG (or 

placebo) to 8 mg/day 

Step 2 ≥Week 12 
Increase glipizide to 

30 mg/day 

Step 3 >Week 12 
Increase glipizide to 

40 mg/day

Step 4 >Week 12
Initiate insulin therapy, 
stop glipizide treatment

Completed study: 
90

Completed study: 
57

Fig. 1 Study profile and titration regimen for patients randomized to receive rosiglitazone or placebo in combination with

sulphonylurea. Although study medications could be adjusted at the discretion of the study physicians, step-wise uptitration to

maximum approved doses of glipizide (40 mg/day) and rosiglitazone (8 mg/day, as divided doses) was required if fasting glucose

(FPG) �180 mg/dl (10 mmol/l) and recommended if FPG exceeded 140 mg/dl (7.8 mmol/l). Patients who experienced disease

progression could initiate insulin therapy and remain in the study. Eleven patients required insulin therapy (all from the

uptitrated SU group) and of these, four withdrew early from the study. No patient in the rosiglitazone (RSG) þ sulphonylurea

(SU) group required insulin intervention.
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powered for the statistical analysis of safety data, which

were analysed descriptively.

Results

A total of 357 patients were screened for eligibility, with

227 patients randomized to double-blind medication, of

whom 225 had at least one on therapy efficacy measure-

ment and formed the ITT population (fig. 1).

Baseline demographics were similar between the groups

(table 1). Mean baseline HbA1c, FPG and time since T2DM

diagnosis were well matched between groups. Concomitant

illnesses at baseline were typical of those in older T2DM

patients and were similar in both treatment groups.

Commonly reported concomitant conditions included

hypertension (57% of randomized patients), dyslipidaemia

(47%), IHD (16%), angina pectoris (9%) and oedema (10%).

Nearly all patients (99%) were taking at least one con-

comitant medication, most commonly statins, thiazide

diuretics, calcium channel blockers, nitrates and digoxin.

Disease Progression

Twenty-seven of 110 SU-uptitrated patients (28.7%,

adjusted for early withdrawals) compared with only

two of 115 patients in the RSG þ SU group (2.0%,

adjusted for early withdrawals) reached the primary

endpoint of disease progression (p < 0.0001; fig. 2).

RSG þ SU reduced the risk of losing glycaemic control

by approximately 95% relative to uptitrated SU alone

(hazard ratio 0.048, p < 0.0001). An additional five

patients in the uptitrated SU group and one patient in

the RSG þ SU group withdrew due to ‘lack of efficacy’.

Requirement for Titration of Maximum Permitted Doses

Among the RSG þ SU patients, 51.3% (59/115)

remained on RSG 4 mg/day plus the initial SU dose

over the 2 years of the study. Only 11.3% (13/115) of

the RSG þ SU group required titration to the maximum

SU dose compared with 48.1% (53/110) with uptitrated

SU alone.

Glycaemic Effects

FPG was reduced by a mean of 1.32 mmol/l (p < 0.0001)

from a baseline of 8.71 mmol/l over 104 weeks with

RSG þ SU. This compares with a significant increase of

0.78 mmol/l (p ¼ 0.0010) from baseline (8.84 mmol/l)

with uptitrated SU alone. The difference between treat-

ment groups was statistically significant (�2.09 mmol/l,

p < 0.0001).

RSG þ SU significantly decreased HbA1c by a mean of

0.65% from a baseline of 7.72% over 104 weeks

(p < 0.0001), whereas uptitrated SU alone produced

no significant improvement from baseline

(D ¼ þ0.13%, baseline ¼ 7.65%, p ¼ 0.1871). The

HbA1c reduction with RSG þ SU was significantly dif-

ferent from uptitrated SU alone (�0.79%, p < 0.0001).

RSG þ SU produced maximal improvements in HbA1c

by 24 weeks that were sustained over the 2 years of the

study, with a mean HbA1c of <7% at study end (fig. 3).

Specifically, 50 and 32% of patients in the RSG þ SU

group achieved target HbA1c < 7% and �6.5%, respec-

tively, compared with only 22 and 9% with uptitrated

SU alone (fig. 3A).

Effects on Estimates of Insulin Resistance

RSG þ SU decreased HOMA estimates of insulin resis-

tance by 14% vs. baseline (p ¼ 0.001) compared with an

increase of 18% with uptitrated SU alone (p ¼ 0.0028).

The difference between the two treatment groups was

statistically significant (p < 0.0001). RSG þ SU signifi-

cantly decreased mean FFA by 2.037 mg/dl from base-

line to week 104 (13.2% reduction from baseline;

p ¼ 0.0021) compared with no significant change with

Table 1 Baseline characteristics

Treatment group

(all randomized population)

Parameter

Uptitrated SU

alone (n = 111)

RSG + SU

(n = 116)

Age (years)

�65 64.5% 64.3%

�75 29.1% 27.5%

Mean � SD 68.2 � 6.3 68.7 � 6.1

Sex

Male 71.8% 74.8%

Body mass index (kg/m2)

�27 72.7% 80.0%

Mean � SD 30.5 � 4.9 30.2 � 4.5

Duration of diabetes (years since diagnosis)

Mean � SD 6.8 � 6.4 6.8 � 5.3

Treatment group

(intent-to-treat population)

Uptitrated SU

alone (n = 110)

RSG + SU

(n = 115)

HbA1c (%)

Mean � SD 7.65 � 0.99 7.72 � 1.03

FPG (mmol/l)

Mean � SD 8.84 � 1.59 8.71 � 1.19

RSG, rosiglitazone; SU, sulphonylurea
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uptitrated SU alone (0.077 mg/dl, p ¼ 0.9232). The

reduction with RSG þ SU represented a significant

decrease of 2.114 mg/dl (p ¼ 0.0416) compared with

uptitrated SU alone.

Safety and Tolerability

Withdrawal due to deterioration of glycaemic control

occurred more frequently with uptitrated SU alone,

resulting in a different mean duration of exposure to

medication in the two groups (644 days with

RSG þ SU compared with 560 days with uptitrated SU

alone). Despite this, the overall incidence of AEs was

comparable between the groups. Only two on-therapy

deaths were reported, both in the uptitrated SU alone

group and of cardiovascular origin. The incidence of

on-therapy AEs leading to withdrawal was similar in

both groups: 11 (9.5%) with RSG þ SU and 8 (7.2%)

with uptitrated SU alone.

The incidence of symptomatic hypoglycaemia was

similar in the two treatment groups (32% for

RSG þ SU, 27% for uptitrated SU alone). Mean body
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RSG + SU (n = 115*); n = 2 achieved FPG ≥ 10 mmol/l
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Hazard ratio = 0.048
p < 0.0001
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7.4

7.2

7.0

6.8

0.0
0

Estimated means and standard errors from a repeated measures analysis adjusted
to a common baseline and incorporating on-therapy values at all time points

24 52
Weeks

76 104

6 12 18 24 32 42 52
Weeks

Uptitrated SU alone (n = 110*); n = 27 achieved FPG ≥ 10 mmol/l

*ITT population

ITT population

Patients were on maximum doses of RSG and SU

64 76 88 96 104

Uptitrated SU alone

RSG + SU

Fig. 2 Effect of rosiglitazone added to sulphonylurea on (a) disease progression and (b) HbA1c. RSG, rosiglitazone; SU,

sulphonylurea.
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weight increased by 4.3 kg over 104 weeks with

RSG þ SU compared with a slight decrease (�1.2 kg)

with uptitrated SU alone. Oedema was more frequent

with RSG þ SU (23 vs. 9%), but all cases were mild-to-

moderate, and only two patients withdrew due to

oedema-related AEs. There was no difference in the

incidence of congestive heart failure between groups

(RSG þ SU 4/116 patients; uptitrated SU alone 3/111

patients).

Mean changes in HDL-cholesterol and LDL-cholesterol

at week 104 compared with baseline were small

and broadly comparable between treatment groups

(HDL-cholesterol þ2.7 and þ1.6%, LDL-cholesterol

þ3.3 and �1.3% for RSG þ SU and uptitrated SU

alone, respectively). Total cholesterol was slightly

reduced with uptitrated SU alone (�1.7%) but increased

with RSG þ SU (þ6.2%). However, the total

cholesterol : HDL and LDL : HDL cholesterol ratios

were unchanged in both treatment groups.

Triglycerides increased with RSG þ SU (þ9.5%) but

were reduced with uptitrated SU alone (�5.4%).

All hepatic enzyme parameters (AST, ALT, total bilir-

ubin and alkaline phosphatase) were reduced with

RSG þ SU at week 104 compared with baseline. There

were no hepatic enzymes greater than three times the

upper limit of normal at any visit in either treatment

group. The incidence of anaemia was low and compar-

able between treatments, and there were no withdrawals

due to anaemia.

Health Care Utilization and Quality of Life

Compared with uptitrated SU alone, RSG þ SU was

associated with significantly fewer ER visits

(p ¼ 0.0006) and hospitalizations (p ¼ 0.0263; fig. 3b).

Mean length of stay per hospitalization was

60
(a)

(b)

50

Uptitrated SU alone
RSG + SU

Uptitrated SU alone (n = 110)
RSG + SU (n = 115)

9%

AACE goal (≤6.5%)

Emergency room visits

*
**

Hospitalization

Responder status evaluated at last on-therapy HbA1c value

ADA goal (<7.0%)

ITT population

ITT population
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22%
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Fig. 3 Effect of rosiglitazone added to sulphonylurea on (a) percentage of HbA1c responders and (b) emergency room visits

and hospitalizations. *p < 0.001 for number of emergency room visits; **p < 0.05 for number of hospitalizations. RSG,

rosiglitazone; SU, sulphonylurea.
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significantly lower with RSG þ SU compared with upti-

trated SU alone (4.48 days vs. 7.41 days, p < 0.001).

Approximately half of the hospitalizations in each

treatment group (RSG þ SU 10/19 patients; uptitrated

SU alone 12/25 patients) were due to cardiac-related

events. Five patients in the uptitrated SU alone group

experienced chest pain that resulted in hospitalization

but were not classified as cardiac-related events. One

patient in the RSG þ SU group was admitted to the

hospital due to hypoglycaemia and one due to oedema.

One patient in the RSG þ SU group and two patients in

the uptitrated SU alone group were hospitalized due to

congestive heart failure. Proportionately fewer patients

had ER visits due to cardiac-related events with

RSG þ SU as compared with uptitrated SU alone.

Effect on Quality of Life

At study completion, patients in the RSG þ SU group

had a significantly higher DTSQ satisfaction score than

at baseline (1.15 point increase; p < 0.05), while treat-

ment satisfaction decreased by 1.61 points in the upti-

trated SU alone group (p < 0.01). The difference

between treatments was statistically significant

(p < 0.001).

While there were no statistically significant differ-

ences between the two groups, SF-36 component scores

in the uptitrated SU alone group were significantly

lower in the physical health (�2.43 points) and mental

health (�1.71 points) components at study end than in

the self-reported scores at the start of the study, suggest-

ing a deterioration in health. There were no significant

changes in SF-36 scores in the RSG þ SU group or DSC

scores in either group.

Discussion

This study was designed to evaluate in older patients

with T2DM the efficacy, durability, safety and tolerabil-

ity of early combination of RSG with glipizide compared

with glipizide monotherapy while allowing the conven-

tional dose escalation of glipizide in both treatment

groups.

The difference between the two treatment groups in

terms of disease progression (see fig. 2) indicates that

glycaemic control was more durable with RSG þ SU.

Furthermore, with RSG þ SU, only 3 patients withdrew

from the study due to lack of efficacy compared with 32

patients with uptitrated SU alone. Improvements in FPG

with RSG þ SU and the 0.8% difference in HbA1c

between treatment groups were both clinically and sta-

tistically significant and were durable for the 2-year

study duration. ADA HbA1c goals were achieved and

sustained in significantly more patients with

RSG þ SU compared with uptitrated SU alone.

The data demonstrating a dose–response relationship

for SUs are limited [12]. Indeed, while the recom-

mended maximum total daily dose of glipizide is

40 mg, increasing the glipizide dose above 10 mg/day

has been found to provide little or no additional

improvement in glycaemic control [3]. This study pro-

vides further rationale for the early introduction of com-

bination therapy rather than uptitration of the SU dose.

The early addition of RSG was also SU-sparing.

Importantly, and indicative of the efficacy of their treat-

ment with combination therapy at 2 years, the majority

of patients in the RSG þ SU group remained on the

starting dose (4 mg) of RSG and did not require further

titration of either RSG or glipizide.

Insulin resistance and endogenous hyperinsulinaemia

have been associated with increased risk of cardiovas-

cular disease [13]. A significant and sustained decrease

in insulin resistance, as assessed using HOMA, was

noted in the RSG þ SU group compared with the upti-

trated SU alone group providing additional evidence of

the potential benefits of this combination treatment. In

addition, analyses have shown that RSG þ SU signifi-

cantly improved b-cell function [14]. These changes

may be related to the significant reductions in FFAs

seen in the RSG þ SU group because elevated FFA

levels are associated with insulin resistance and

impaired insulin secretion [15,16].

Treatment with RSG þ SU had a favourable safety

profile and was generally well tolerated. Comparable

numbers of patients reported AEs in the two treatment

groups despite the exposure to medication being signif-

icantly greater with RSG þ SU. Intensive glycaemic

control has been found to increase the risk of hypogly-

caemia especially with SUs [17]. Despite tighter glycae-

mic control with RSG þ SU treatment, the incidence of

hypoglycaemia was not increased. This is likely to be

due to the mechanism by which thiazolidinediones

improve glycaemic control, that is, by reducing insulin

resistance [18,19].

Weight gain is a known class effect of thiazolidine-

diones and is due in part to improved glycaemic control.

Importantly, it is associated with an increase in subcu-

taneous adipose deposits rather than abdominal fat

deposits [20]. Oedema is a class effect of the thiazolidi-

nediones and occurred more frequently with RSG þ SU

than uptitrated SU alone. All cases were mild to mod-

erate and only two patients withdrew due to oedema

in the RSG þ SU group. Importantly, the rates of con-

gestive heart failure and other cardiac events were
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similar between the treatment groups. This suggests that

the oedema observed did not increase cardiac risk in

this predominantly older patient cohort over a 2-year

period.

The RESULT study was the first study with a thiazo-

lidinedione in which information and data on medical

care utilization was prospectively obtained, as

described by Herman et al. [21]. Treatment with

RSG þ SU was associated with significantly fewer ER

visits and hospitalizations compared with uptitrated SU

alone. The explanation for these consistent observations

is not clear. It could represent a non-specific effect of

improved glucose control or potential benefits owing to

the action of RSG to improve insulin sensitivity with its

associated conditions and risks. However, it could also

represent potential negative consequences of SU dose

escalation.

Conclusions

This 2-year prospective study, the longest double-blind,

placebo-controlled study in T2DM, demonstrated

clearly that the early addition of RSG to a submaximal

dose of SU was significantly more effective at improving

and sustaining glycaemic control in individuals with

T2DM than dose escalation of SU alone. In clinical

practice, the addition of RSG to a submaximal dose of

a conventionally used SU is expected to provide excel-

lent control of hyperglycaemia with a predictable safety

profile.
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