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Initial combination therapy with metformin, pioglitazone

and exenatide is more effective than sequential add-on therapy
in subjects with new-onset diabetes. Results from the Efficacy
and Durability of Initial Combination Therapy for Type 2 Diabetes
(EDICT): a randomized trial
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Aim: To test our hypothesis that initiating therapy with a combination of agents known to improve insulin secretion and insulin sensitivity in subjects
with new-onset diabetes would produce greater, more durable reduction in glycated haemoglobin (HbA1c) levels, while avoiding hypoglycaemia and
weight gain, compared with sequential addition of agents that lower plasma glucose but do not correct established pathophysiological abnormalities.
Methods: Drug-naive, recently diagnosed subjects with type 2 diabetes mellitus (T2DM) were randomized in an open-fashion design in a single-centre
study to metformin/pioglitazone/exenatide (triple therapy; n=106) or an escalating dose of metformin followed by sequential addition of sulfonylurea
and glargine insulin (conventional therapy; n= 115) to maintain HobA1c levels at <6.5% for 2 years.

Results: Participants receiving triple therapy experienced a significantly greater reduction in HbA1c level than those receiving conventional therapy (5.95
vs. 6.50%; p < 0.001). Despite lower HoA1c values, participants receiving triple therapy experienced a 7.5-fold lower rate of hypoglycaemia compared
with participants receiving conventional therapy. Participants receiving triple therapy experienced a mean weight loss of 1.2 kg versus a mean weight
gain of 4.1 kg (p <0.01) in those receiving conventional therapy.

Conclusion: The results of this exploratory study show that combination therapy with metformin/pioglitazone/exenatide in patients with newly
diagnosed T2DM is more effective and results in fewer hypoglycaemic events than sequential add-on therapy with metformin, sulfonylurea and then

basal insulin.
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Introduction versus minimizing risk of hypoglycaemia. The American
Diabetes Association (ADA) recommends ‘lowering HbAlc to
<7.0% in most patients and more stringent targets (6.0-6.5%)
in selected patients if achieved without hypoglycaemia’ [7].

Metformin is recommended as first-line therapy in patients
with T2DM [7]. It lowers HbAlc by inhibiting hepatic glucose
production [8,9], but does not prevent f-cell failure [10,11],
and after an initial decrease, HbAlc levels rise progressively.
Similarly, sulfonylureas, the most common second-line therapy,
lack a protective effect on f-cell function [3,10,11].

Thiazolidinediones are potent insulin sensitizers [12] and
improve f-cell function [13-17]. Clinical trials have also shown
that they achieve durable HbAlc reduction compared with
sulfonylureas and metformin [1,10,18,19].

Glucagon-like peptide-1 (GLP-1) receptor agonists improve
p-cell function [20], an effect which lasts for up to 3 years
[21], and a single liraglutide injection acutely normalizes f-cell
glucose sensitivity in patients with T2DM [22]. Because of the
Co.rrespondence to: Ralph A.‘DeFronzo, MD, D\'abet.es Division, Un‘iversity of Texas Health pivotal role of ﬂ—cell failure in the development/progression
Science Center at San Antonio, 7703 Floyd Curl Drive, San Antonio, TX 78229, USA. .

E-mail: albarado@uthscsa.edu of hyperglycaemia, GLP-1 analogues would be expected to
produce durable decreases in HbAlc levels. Consistent with

Progressive f-cell failure in an insulin-resistant individual
is the principal factor responsible for the development and
progression of hyperglycaemia in individuals with type 2 dia-
betes mellitus (T2DM) [1]. Hyperglycaemia is the major factor
responsible for microvascular complications and every 1%
decrease in glycated haemoglobin (HbA1c) level is associated
with a ~35% decrease in the risk of microvascular compli-
cations [2-5]. Maintaining HbAlc at <6.0% prevents the
development of retinopathy [4], emphasizing the importance
of glycaemic control in T2DM. A major obstacle to main-
taining HbAlc levels within the normal range is progressive
p-cell failure and hypoglycaemia [2,6], and recent clinical
trials have reported that hypoglycaemia is associated with
increased mortality risk [6]. This presents a dilemma between
lowering HbAc level to prevent microvascular complications
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this, a recent clinical trial showed that exenatide was superior
to sulfonylureas in achieving durable HbAlc reductions in
patients with T2DM over a 4-year period [23]. Importantly,
both thiazolidinediones and GLP-1 analogues lower HbAlc
levels without increasing hypoglycaemia risk.

p-cell failure is evident long before overt diabetes is diag-
nosed. We have shown previously that individuals in the upper
tertile of normal glucose tolerance (2-h plasma glucose 6.7-7.7
mmol/l (120-139 mg/dl)] have lost over half of their f-cell
function compared with those with 2-h plasma glucose <6.1
mmol/l (100 mg/dl). By the time diabetes is diagnosed, peo-
ple with diabetes have lost >80% of their f-cell function [24].
Although the initial loss of f-cell function is primarily func-
tional, anatomical loss of f-cell mass ensues with progressive
duration of the disease; thus, intervention with agents that pre-
serve fi-cell function is likely to have a strong positive impact
on glycaemic control in subjects with new-onset diabetes who
maintain residual f-cell function. We hypothesized that ini-
tiation of combination therapy with metformin plus a thia-
zolidinedione and a GLP-1 receptor agonist, the latter two of
which have been shown to improve f-cell function and insulin
resistance in subjects with new-onset T2DM [1,13-17], would
cause a durable HbAlc reduction without increasing hypogly-
caemic risk or causing weight gain. Based on recent results
in patients with T2DM with long-standing disease [25,26],
aggressive HbA1c-lowering with combination therapy, as in the
present study, should be used with caution. The aim of the
present study was to compare efficacy and durability of this
novel triple therapy approach with that of conventional therapy
with metformin followed by sequential addition of sulfonylurea
and then basal insulin to maintain HbA1lc at <6.5% in subjects
with new-onset diabetes [7].

Participants and Methods

The present study, the Efficacy and Durability of Initial Com-
bination Therapy for Type 2 Diabetes (EDICT) study, was an
open-label, single-centre, randomized controlled trial (clinical-
trials.gov registration no.: NCT01107717) to examine the effi-
cacy, durability and safety of initial triple combination therapy
with antidiabetic agents (metformin/pioglitazone/exenatide)
that have previously been shown to correct core metabolic
defects responsible for T2DM [1] versus those of a conven-
tional therapy approach that focuses on lowering plasma
glucose with metformin followed by sequential add-on therapy
with sulfonylureas and basal insulin. The EDICT study is a
3-year study, carried out at Texas Diabetes Institute, San Anto-
nio, TX, USA, and the present report is an interim analysis
with a mean follow-up of 18.5 months. All baseline measure-
ments will be repeated after 3 years or at the time of treatment
failure. Study protocol was approved by the institutional review
board of the University of Texas Health Science Center at San
Antonio and informed written consent was obtained from all
participants before enrolment.

Participants

The participants with T2DM included in this study [age
30-75years, body mass index (BMI) 24-50kg/m?] were
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drug-naive and recently diagnosed (<2 years) according to
ADA criteria; had negative, glutamic acid decarboxylase anti-
bodies, normal liver function/serum chemistries, stable body
weight [+3 pounds (1.4 kg) within preceding year] and nega-
tive pregnancy tests. Exclusion criteria were haematocrit levels
<34%, medications known to affect glucose metabolism, previ-
ous treatment with any antidiabetic agent, evidence of diabetic
proliferative retinopathy, albumin excretion >300mg/day
and major organ system disease as determined by physical
examination, medical history and screening blood tests.

Study Design

Eligible participants were consecutively randomized based
on age, sex, BMI, diabetes duration and HbAlc level to
receive either initial triple combination therapy with met-
formin/pioglitazone/exenatide or metformin with sequential
addition of glipizide and then basal insulin glargine (conven-
tional therapy) to maintain HbA1lc levels at <6.5%. Participants
were randomized consecutively and were matched on age, sex,
BML, initial HbAlc level and diabetes duration. There was no
limit on the upper value of HbAlc (the range of initial HbAlc
was 6.5-14%). Participants with initial HbAlc <9.0% (36% of
participants) and HbAlc>9.0% were evenly randomized to
the two arms.

Participants randomized to triple therapy were started on
metformin 1000 mg/day, pioglitazone 15 mg/day and exenatide
5pg twice daily before breakfast and supper. At 1month,
metformin was increased to 2000 mg, pioglitazone to 30 mg
and exenatide to 10 pg twice daily. If, at 3 months, HbAlc
was >6.5%, pioglitazone was increased to 45 mg. Participants
receiving conventional therapy were started on metformin
1000 mg/day. If, at 1 month, fasting plasma glucose (FPG)
concentration was >6.1 mmol/l (110 mg/dl), metformin was
increased to 2000 mg and glipizide started at 5 mg/day. If, at
2 months, FPG was >6.1 mmol/l (110 mg/dl) or HbAlc was
>6.5%, glipizide was increased to 10 mg and then to 20 mg. If, at
3 months, FPG was >6.1 mmol/l (110 mg/dl) or HbAlc >6.5%,
glargine insulin was started at 10 units before breakfast, and
escalated weekly by 1-5 units (based on FPG and HbAlclevels)
to 60 units/day to maintain FPG at <6.1 mmol/l (110 mg/dl).

After 3 months, participants were seen every 3 months. FPG,
body weight and HbAlc were measured at each follow-up
visit and medication dose was adjusted to maintain FPG at
<6.1 mmol/l (110 mg/dl) and HbAlc at <6.5%, unless hypo-
glycaemia (blood glucose <3.3 mmol/l (60 mg/dl) or symp-
toms) was present. Hypoglycaemia was defined as blood glu-
cose concentration <3.3 mmol/l ( 60 mg/dl), with or with-
out symptoms, or hypoglycaemia symptoms that subsided
after glucose ingestion. Blood glucose levels were measured
by home blood glucose monitoring and verified by the study
coordinator on follow-up visits. During each follow-up visit,
FPG was measured, records of home-measured glucose val-
ues were reviewed, and patients were questioned about symp-
toms of hypoglycaemia. Severe hypoglycaemia was defined as
hypoglycaemia requiring third party assistance.

Overall frequency of hypoglycaemia was calculated as the
total number of hypoglycaemic events divided by the number
of patient-years of follow-up in each arm; the percentage of
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participants experiencing hypoglycaemia was calculated as the
number of participants experiencing at least a single event
divided by number of patients in that arm.

If HbAlc increased to >6.5% on two consecutive visits
(3 months apart, to ensure that the deterioration in glycaemic
control was genuine and not attributable to transient factors)
despite maximum antihyperglycaemic therapy, treatment was
defined as having failed for that participant. All baseline stud-
ies were repeated in participants with treatment failure at the
time of declaration of treatment failure and rescue therapy was
started. Rescue therapy was short-acting insulin which was
started 4-6 units before each meal and the dose was adjusted
based on blood glucose measurements to maintain plasma glu-
cose concentration <7.8 mmol/l (140 mg/dl) 2h after meals.
Rescue therapy in the triple therapy arm was glargine insulin
which was started at 6-10 units/day and the dose was adjusted
to maintain FPG <6.1 mmol/I (110 mg/dl).

Data Analysis

The primary endpoint was HbAlc difference between
participants receiving triple therapy versus conventional
therapy. Secondary endpoints included: percentage of partic-
ipants achieving HbAlc <6.5 and <7.0%; decrease in fasting
and postprandial plasma glucose; change in body weight; and
rate of hypoglycaemic events.

Because treatment failure was determined by two consecu-
tive HbAlc values measured at 3-month intervals, only ran-
domized participants who received therapy and completed at
least 6 months of follow-up were included in the analysis. This
allowed participants to receive the maximum treatment dose
and thereby provided sufficient time to assess the impact of
therapy on two consecutive HbAlc measurements (months 3
and 6). Because rescue therapy was instituted in participants
with treatment failure (n=45 in conventional therapy and
n=15 in triple therapy, see results below), the HbAlc values
after starting the rescue therapy could not be included in the
analysis. The first HbAlc value to exceed 6.5% was censored
and carried forward for analysis.

Statistical Analysis

Values are presented as mean =+ standard error of the mean
(s.e.m.). Two-sided ¢-tests were used to compare mean differ-
ences between treatment arms and the chi-squared test was
used to test the significance of discrete variables. Cox’s pro-
portional hazards model was used to estimate the influence of
therapy on failure to maintain treatment goals. The model was
adjusted for other confounders (age, sex, BMI, disease duration
and baseline HbAlc level). To identify predictors of therapy
failure (HbAlc>6.5%), we created a multilogistic regression
model, with therapy failure as the dependent variable and age,
sex, BMI, disease duration, baseline HbAlc, treatment arm and
weight gain as independent variables.

The study was powered to detect a 0.5% (+0.95 standard
deviation) HbAlc difference between treatment arms based
on the HbAlc decrease in the PROactive study [27]. In the
PROactive study, investigators were blinded to pioglitazone
therapy and instructed to use any antidiabetic drug to maintain
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HbAlc at <6.5% in both arms. At study end, participants who
received pioglitazone had a 0.5% lower HbAlc than partici-
pants who received placebo. Based on this, we assumed that
participants who received triple therapy (who received pioglita-
zone) would achieve a >0.5% lower HbA 1c than those receiving
conventional therapy. We calculated that 76 participants per
arm would provide 90% power to detect a 0.5% HbA1c differ-
ence between treatment arms at an « value <0.05.

Results

In all, 374 subjects with newly diagnosed T2DM were screened
and 249 eligible participants were randomized. A total of 123
participants were randomized to triple therapy and 126 to
conventional therapy (Figure 1).

Of 126 participants randomized to conventional therapy,
11 never received any treatment as they did not return for
the follow-up visit to dispense medication and 24 participants
did not complete the 6-month follow-up visit (18 participants
dropped out before the 6-month visit; 6 participants are active
but have yet to complete the 6-month visit). As pre-specified,
these 24 individuals were not included in the present analysis.
The remaining 91 participants with T2DM were included in the
analysis. Of 91, 11 dropped out before completing 24 months of
follow-up. Thus, the dropout rate in the conventional therapy
arm was 25% [29 (18 4+ 11)/115 participants].

Of 123 individuals randomized to triple therapy, 17 never
received any treatment and 27 did not complete the 6-month
follow-up visit (23 participants dropped out before the 6-month
visit; 4 participants are active but have yet to complete the
6-month visit). Of the 79 remaining participants with T2DM
included in the analysis, 12 dropped out before completing the
24-month visit. The dropout rate in this arm was therefore 33%
[35 (23 + 12)/106 participants]. The baseline characteristics of
participants included in this analysis did not differ from those
who were randomized but did not complete 6-month follow up
visit (Table S1 and Figure SI).

The mean+ (s.eem.) follow-up was 18.1+0.5 and
18.7 £ 0.5months in the conventional and triple therapy

Screened

374 Screen Failure (120)
Decline to Participate (5)

249

Co

Never recieved ¢ Triple C i 3 Never r d
Therapy (17) 123 126 Therapy (11)

Lost to follow-up before 106 115 Lost to follow-up before
6 months (n=23)4-| I—)G hs (n=18)
Still in study but have <€—— ——>Still in study but have
not completed 6 months not completed 6 months

Y
of follow-up (n =4) r" Included '%s of follow-up (n =6)
79 91

Lost to follow-up | Lost to follow-up
before 24 months y before 24 months

(n=12) Y Active in Study (n=11)
n=71 n =386
(67 +4) (80 +6)

Figure 1. Trial profile.
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Table 1. Baseline characteristics of participants randomized to receive
conventional therapy and triple therapy.

Conventional Triple

therapy therapy
Number, n 91 79
Age, years 47 +1 46+1 n.s.
Sex: male, % 55 62 n.s.
Weight, kg 101.6+2.3 101.0+34  ns.
BMI, kg/m? 36.4+1 36.6+1 n.s.
Diabetes duration, months 51+0.7 5.1+0.6 n.s.
HbAlc, % 8.6+0.2 8.6+0.2 ns.
FPG, mmol/l 10.5+0.4 10.7 +£0.4 n.s.
Systolic blood pressure, mmHg 129+3 132+4 n.s.
Diastolic blood pressure, nmHg 79 +2 79+2 n.s.
Total cholesterol, mmol/l 10.3+0.3 10.3+0.2 n.s.
Triglycerides, mmol/l 9.7+0.7 10.3+£0.9 n.s.
HDL cholesterol, mmol/l 24+0.1 2.4+0.1 n.s.

Data are mean = s.e.m. unless otherwise indicated.
BMI, body mass index; FPG, fasting plasma glucose; HbAlc, glycated
haemoglobin; n.s., non-significant.

arms, respectively (p = non-significant). Conclusions from the
as-treated population were not different from intention-to-treat
analysis (Figure S2). Participants in both treatment arms were
well matched for age, BMI, diabetes duration and HbAlc
(Table 1). Participants were generally obese, had a mean initial
HbAlc of 8.6% and a mean diabetes duration of 5.1 months.

The primary outcome, difference in HbAlc between the two
treatment groups, is shown in Figure 2. Baseline HbAlc was
identical in both groups (8.6%) and during the first 6 months
decreased in both treatment arms. At 6 months, there was a
small but significant HbAlc difference (0.2%, p = 0.03) between
groups (triple therapy 6.0% vs. conventional therapy 6.2%).
After 6 months, HbAlc gradually increased with conventional
therapy to 6.5% at 24 months and remained stable at 5.95%
with triple therapy; thus, the difference in HbAlc between the
two treatments progressively increased with time and was sig-
nificantly different at 2 years (AHbA1c 0.55%; p < 0.0001). At
24 months, the HbAlc decrease in participants with HbAlclev-
els >8.5% (4.1 vs. 3.1%; p=0.005) and <8.5% (1.5 vs. 0.9%;
p =0.0005) was greater in the triple therapy than in the con-
ventional therapy group.

More participants receiving conventional therapy failed
to maintain the treatment goal (HbAlc<6.5%) than did
those receiving triple therapy (44 vs. 17%; p = 0.003). Figure 3
shows a Kaplan-Meier plot of time to treatment failure
(HbAlc>6.5%). A total of 40 participants receiving conven-
tional therapy failed to maintain HbAlc at <6.5% at/after
6 months compared with only 13 participants receiving triple
therapy (p <0.0001). Figure S2A shows the change in HbAlc
over the 2-year follow-up in participants who received at least
1 month of therapy (i.e. the intention-to-treat analysis), includ-
ing dropouts, treatment failures (before rescue therapy) and
participants who had <6 months of therapy. Figure S2B shows
the change in HbAlc in participants who completed 2 years of
treatment (without dropouts and incomplete follow-ups). The
difference in HbAlc between the triple therapy and conven-
tional therapy groups was virtually identical with both analyses.
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Figure 2. Time-related change in glycated haemoglobin (HbA1c) in par-
ticipants receiving conventional (convent) therapy and initial triple combi-
nation (Rx) therapy during the 24-month follow-up period. *p < 0.01.
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Figure 3. Kaplan-Meier plot of time to treatment failure, defined as gly-
cated haemoglobin (HbA1c) > 6.5%, in the conventional (convent) therapy
and triple (Rx) therapy groups (p <0.001). Cum, cumulative.

More participants receiving triple therapy (61%) had HbAlc
reduced to the normal range (<6.0%) than those receiving
conventional therapy (27%; p <0.0001). The median HbA1lc
of participants receiving triple therapy was 5.9% compared
with 6.4% for those receiving conventional therapy. More than
90% of participants receiving triple therapy maintained HbAlc
at <7.0% versus <75% of participants receiving conventional
therapy.

In multivariable logistic regression analysis, treatment group
was the strongest predictor of risk of failure to maintain the
glycaemic goal (HbAlc < 6.5%; Table 2). Participants receiving
triple therapy had an 84% lower risk of failing to achieve the
glycaemic goal at 2 years compared with participants receiving
conventional therapy. Younger age, high initial HbAlc and
weight gain were also significant predictors of treatment failure.

Fasting and Postprandial Glucose

The mean =+ s.e.m. baseline FPG levels were similar in the con-
ventional and the triple therapy groups [10.6 +0.4 mmol/l
(190 +7) and 10.7 + 0.4 mmol/l (192 + 7); p = non-significant]
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Table 2. Predictors of failure to achieve glycated haemoglogin <6.5%
during 24 months of treatment.

Odds

ratio 95% CI p
Treatment (triple vs. conventional) 0.16 0.06-0.45 <0.0001
10-year increase in age (>40 years) 0.36 0.21-0.62 <0.0001
Initial HbAc (1%) 1.44 1.10-1.90  <0.01
Weight gain during the study (1 kg) 1.08 1.02-1.14 <0.01

CI, confidence interval; HbAlc, glycated haemoglobin.

and decreased rapidly after starting therapy. At 6 months, the
decrease in FPG was greater in the triple versus the conven-
tional therapy group [6.6+0.2 mmol/l (118 +4) vs. 7.2+0.3
mmol/l (130+5); p=0.02]. FPG levels decreased further at
2 years in both groups but remained lower in the triple therapy
group [5.4 + 0.2 mmol/l (98 +4) vs. 6.4 + 0.3 mmol/l (116 + 5);
p <0.01]. After 2years, participants receiving triple therapy
had markedly lower postprandial plasma glucose concentration
than participants receiving conventional therapy (Figure S3).
The incremental area under the home-monitored blood glu-
cose concentration curve was 1.7 +1.4 (31 +25) and 7.3+ 3.6
(132 + 65) mmol (mg)/dl/h in the triple and conventional ther-
apy groups, respectively (p < 0.05).

Body Weight

Participants  receiving triple therapy experienced a
mean +s.e.m. weight loss of 1.2+ 1.1kg at 6 months, which
was maintained (1.2 + 1.0kg) at year 2. Participants receiving
conventional therapy experienced weight gain which became
evident at month 6 (+0.7 + 0.6 kg) and increased progressively
to 4.1 +£0.9kg after 2years (p=0.03). The difference in the
change in body weight between the triple and conventional
therapy groups at 2 years was 5.3 kg (p <0.01).

Lipid Profile and Blood Pressure

Lipid profile at baseline was similar in both groups (Table 1).
Participants in both treatment arms experienced a significant
improvement in their lipid profiles. Neither therapy affected
total cholesterol levels. The mean =+ s.e.m. decrease in total
cholesterol was 0.3 +0.3 (6.4+5.0) and 0.6 +0.2 (11.3+4.3)
mmol/l (mg/dl) (p =non-significant) in participants receiving
triple therapy and conventional therapy, respectively. Both ther-
apies significantly lowered plasma triglyceride concentrations:
by 1.8+0.7 (32+12) and 1.7+ 0.6 (30 + 11) mmol/l (mg/dl)
in the triple and conventional therapy arms, respectively
(both p<0.01 vs. baseline). Triple therapy caused a signifi-
cant increase in plasma HDL cholesterol [by 0.1 & 0.1 mmol/l
(2.1 +£ 1 mg/dl); p < 0.05], while participants receiving conven-
tional therapy experienced a 0.2 + 0.1 mmol/l (3.6 + 1.4 mg/dl)
decrease (p < 0.001 vs. baseline and vs. triple therapy).

A small non-significant decrease in systolic blood pres-
sure (—3.6+3 mmHg, p=non-significant) was observed in
participants receiving conventional therapy, while triple ther-
apy caused a significant decrease in systolic blood pressure
(—9.7 £ 4mmHg, p <0.05 vs. baseline and p = non-significant
vs. conventional therapy).
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Adverse Events

Two-thirds of participants receiving conventional therapy and
one-half of participants receiving triple therapy experienced
at least one adverse event (Table S2). The most common
adverse event was hypoglycaemia, reported by 46 and 14%
of participants receiving conventional and triple therapy,
respectively. The overall frequency of hypoglycaemic events
was greater in participants receiving conventional therapy (2.2
vs. 0.31 events/participant per year; p < 0.0001). All hypogly-
caemic events were mild. Participants receiving triple therapy
experienced more frequent gastrointestinal side effects and
peripheral oedema. A total of 25% of participants in the triple
therapy group experienced nausea secondary to exenatide, but
it was mild and subsided after 2-3 months. The incidence of
peripheral oedema was low at 1.3 vs. 5.3% in the conventional
and triple therapy groups, respectively. Two deaths occurred
in the conventional therapy group; both were unrelated to
treatment (sleep apnoea; complication of surgical procedure
for hernia). The number of participants who withdrew because
of adverse events was small: 7 in the triple therapy and 3 in the
conventional therapy group.

Discussion

The major finding of the present study was that starting
drug-naive subjects with recently diagnosed T2DM on a
triple combination therapy of metformin, pioglitazone and
exenatide, which have been shown to correct the pathophys-
iological defects (i.e. insulin resistance, f-cell dysfunction,
hyperglucagonaemia) present in T2DM [13-15,21,22,28],
reduces HbAlc levels and maintains them within the normal
range for 2 years.

It should be noted that, in general, participants in both
treatment arms experienced excellent glycaemic control. In
participants receiving conventional therapy HbAlc decreased
initially to 6.2% at 6 months, but subsequently increased to
6.5% at 2years, despite continuous dose escalation of antidi-
abetic medications (sulfonylurea and insulin). This can be
attributed to the rigorous uptitration of antidiabetic medi-
cations in participants in the conventional therapy arm. The
magnitude of a progressive increase in HbAlc level in par-
ticipants receiving conventional therapy is consistent with
previous studies, which have reported 0.2-0.3% annual HbAlc
increases in participants receiving metformin, sulfonylurea
or insulin [3,10,11,18,29]. It remains to be seen whether the
HbAlc will continue to rise above 6.5% despite rigorous dose
escalation of sulfonylurea and insulin.

Conversely, participants receiving triple combination ther-
apy were able to lower their HbAlc level to the normal range
(<6.0%) and maintain levels in the normal range over a 2-year
period. Longer follow-up is required to determine the duration
of the benefits of triple therapy. It remains to be seen whether
such a difference in HbAlc (6.5% in the conventional therapy
vs. 5.9% in the triple therapy group) would be translated into
greater prevention of diabetic microvascular complications. It
should be noted that the progressive increase in HbAlc levels
in patients in the UK Prospective Diabetes Study was paralleled
by a progressive decline in f-cell function. It would therefore
be of great interest to compare the impact of both therapies on
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p-cell function. Previous studies have consistently reported that
both pioglitazone [13-15] and exenatide [21,22,28] improve
p-cell function in T2DM, while pioglitazone is a potent insulin
sensitizer [12]. Exenatide produced a significantly greater
increase in f-cell function after 1 year compared with glargine
insulin [28], and this beneficial effect persisted for 3years
[21]. Thiazolidinediones consistently improve f-cell function
in T2DM and impaired glucose tolerance [13-17]. Not sur-
prisingly, both GLP-1 analogues and thiazolidinediones have
been shown in previous studies to produce a more durable
HbA Ic reduction compared with sulfonylureas and metformin
[10,18,23,30], and patients who received pioglitazone in the
PROactive study required less insulin than patients who
received placebo [27]. In the present study, the mean HbAlc
in participants receiving triple therapy at 2 years (5.95%) was
similar to HbAlc at 6 months (6.0 + 0.1%), while it increased
by 0.3% (6.2% at 6 months to 6.5% at 2 years) in participants
receiving conventional therapy.

More participants receiving triple than those receiv-
ing conventional therapy maintained the treatment goal
(HbAlc < 6.5%). Failure to achieve the glycaemic goal in
participants receiving triple therapy was evident at 6 months,
while the majority (92%) of participants who achieved the
treatment goal at 6 months maintained their HbAlc level at
2 years (Figure 3). This suggests that treatment failure in partic-
ipants receiving triple therapy is primarily attributable to initial
unresponsiveness to pioglitazone and exenatide; however, in
participants who responded, these agents achieved durable
(2-year) HbAlc reductions (Figure 3). Conversely, the propor-
tion of participants receiving conventional therapy who failed
to achieve the glycaemic treatment goal progressively increased
with time, most likely because of progressive f-cell failure.

Despite greater decreases in fasting and postprandial plasma
glucose and HbA1lc levels in participants receiving triple ver-
sus those receiving conventional therapy, hypoglycaemia risk
was ~7-fold greater in the latter; thus, initiation of combination
therapy with metformin/pioglitazone/exenatide, not only pro-
duced greater, more durable HbA1c reductions, but is also safer
with respect to hypoglycaemia compared with sulfonylureas
and insulin. Notably, recent clinical trials have shown an asso-
ciation of hypoglycaemia with greater mortality risk [6], and
the ADA and European Association for the Study of Diabetes
[7] have recommended more conservative glycaemic targets in
subjects at high risk of cardiovascular disease.

Both therapies significantly improved lipid profiles, but only
the change in HDL cholesterol differed between therapies,
increasing by 0.1 mmol/l (2.1 mg/dl) in participants receiving
triple therapy, while it decreased in participants receiving
conventional therapy [by 0.2 mmol/I (3 mg/dl)]. In addition to
weight loss in participants receiving triple therapy, it is likely
that pioglitazone exerted a direct effect to increase plasma HDL
cholesterol levels. Previous studies have consistently shown
that pioglitazone has a favourable action on HDL cholesterol
[16]. Participants receiving triple therapy were also found to
have a significant decrease in systolic blood pressure; however,
the reduction in blood pressure did not significantly differ
from the change in blood pressure in participants receiving
conventional therapy.
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Compared with the ~4-kg weight gain in participants receiv-
ing conventional therapy, participants receiving triple therapy
experienced a 1.5-2-kg decrease in body weight, indicating
that concomitant therapy with exenatide and/or metformin
prevents the weight gain associated with pioglitazone. Weight
gain in participants receiving conventional therapy became evi-
dent at 6 months and progressively increased with the escala-
tion of sulfonylurea/insulin dose required to maintain HbAlc
at <6.5%.

Both treatments were well tolerated and few participants
(8.8% in the triple therapy and 3.2% in the conventional ther-
apy group) withdrew because of adverse events. The rate of
hypoglycaemia was relatively low (Table S2) compared with
other studies that attempted to achieve similar glycaemic con-
trol (HbAlc <6.5%) [31]. The low rate of peripheral oedema
(Table S2) with triple therapy could be explained by the natri-
uretic effect of exenatide [32]. No cases of heart failure or frac-
tures occurred in either group.

The present study has several limitations. First, this report
is an interim analysis which was performed because the antic-
ipated difference in HbAlc (0.5%) between the two treatment
arms at 3 years was achieved at 2 years of follow-up (see sample
size calculation in the Materials and Methods section). It
remains to be seen whether this difference in HbAlc will be
maintained at 3 years of follow-up or will continue to widen.
Second, because the study was performed in a single centre, it
included a relatively small number of participants, who were
primarily of Mexican-American origin. A larger multi-ethnic
study is warranted to examine the generalizability of this
novel treatment approach in patients with newly diagnosed
T2DM. Third, our results apply only to the specific regimen
(metformin/pioglitazone/exenatide) used and not to other reg-
imens. Fourth, there was a relatively high and similar dropout
rate (25-33%) in each treatment arm. This dropout rate was
similar, however to the ‘no-show’ rate (~30%) in the population
with diabetes served at the Texas Diabetes Institute at which
participants were recruited. Furthermore, the dropout rate was
similar to or less than that observed in most published studies
of similar duration with GLP-1 receptor agonists including
exenatide [23,28], liraglutide [33,34] and Bydureon® [35], as
well as in other widely quoted studies using other antidiabetic
agents, for example, the ADOPT study with rosiglitazone [36]
and the treat-to-target trial with insulin [34]. In these trials,
the dropout rates (per 1-year follow-up were 29% [23], 34%
(28], 52% [33], 35% [34], 26% [35], 42% [36] and 36% [37]).
Furthermore, patient characteristics of those who dropped
out were similar in both treatment arms and similar to those
who continued in the study (Table S3). Fifth, the therapies
used (exenatide and glargine) prohibited the study from being
blinded. Sixth, because of the relatively small sample size and
short duration, long-term outcome data about microvascular
and macrovascular complications will not be available. Sev-
enth, the HbAlc treatment goal of <6.5% was lower than the
generally recommended ADA goal (<7.0%), although it is con-
sistent with the HbA1c goal recommended by ADA in patients
with new-onset diabetes without cardiovascular disease and
that recommended by the American Association of Clinical
Endocrinologists. This required higher doses of insulin which
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may have contributed to the slightly higher rate of hypogly-
caemia observed after initiation of insulin therapy; however,
a slower titration rate would have led to a smaller HbAlc
decrease and raised criticism that insulin dose escalation
was not sufficiently aggressive to achieve the treatment goal.
Furthermore, the major increase in hypoglycaemia incidence
was observed with the initiation of glipizide therapy, before the
start of glargine treatment. Importantly, despite significantly
lower HbAlc (5.95%) at 2 years, the hypoglycaemic rate in the
triple therapy group was very low. Treatment details at 6, 12
and 24 months are shown in Tables S4 and S5.

Because of the aforementioned limitations, the results of the
present study should be viewed as a proof-of-concept for the
exploration of the efficacy and tolerability of a novel therapeutic
strategy, i.e. the initiation of combination therapy with met-
formin/pioglitazone/exenatide, compared with the currently
recommended sequential add-on therapeutic strategy for the
management of patients with newly diagnosed T2DM. We
believe that the robust results observed in the present study will
promote a larger multi-ethnic study with longer duration to val-
idate the findings in the present study. Moreover, the results
indicate that the cost-effectiveness evaluation of antidiabetic
therapy should not be limited to the medication cost in relation
to the short term reduction in HbA1c level, but should include
other beneficial metabolic effects of each therapy that affect the
risk of long-term diabetic complications; for example, the dura-
bility of reduction of HbAlc, risk of hypoglycaemia, weight loss
and reduction of CVD risk factors. A larger multicentre study
with longer duration and with clinical outcomes would allow
such analysis.

In summary, the present results show that initiation of com-
bination therapy with metformin/pioglitazone/exenatide at a
mean of 5.1 months after clinical diagnosis of T2DM produces
a greater HbAlc reduction with lower rate of hypoglycaemia
compared with the currently recommended approach of
sequential add-on therapy with conventional agents (sulfony-
lurea and insulin). Continued follow-up will be required to
ascertain how long the beneficial effects of triple therapy are
maintained.
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Figure S1. Time-related change in glycated haemoglobin
(HbA1c) in participants (as-treated population) receiving con-
ventional therapy and triple combination therapy during the
24-month follow-up period. *p < 0.01.

Figure S2. Decrease in glycated haemoglobin (HbAlc) in
participants who were lost to follow-up before 6 months (not
included in the analysis; open circles) (A) and participants who
were included in the analysis (closed circles)(B).

Figure S3. Seven-point home blood glucose measurements
in subjects receiving triple therapy and conventional therapy.
FPG, fasting plasma glucose; 2h-AB, 2h after breakfast; BL,
before lunch; 2h-AL, 2 h after lunch; BS, before supper; 2h-AS,
2 h after supper; BT, bedtime.

Table S1. Baseline characteristics of participants who dropped
out before month 6 plus those who dropped out between
months 6 and 24 versus those who were included in the analysis
in the conventional and triple therapy groups.

Table S2. Adverse events reported by subjects in the conven-
tional and triple therapy groups during the 24-month follow-up
period.

Table S3. Reasons for dropout among participants who com-
pleted the 6-month follow-up visit.

Table S4. Percentage of participants taking antidiabetic agents
at months 6, 12 and 24.

Table S5. Medication dose at months 6, 12 and 24.
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