
LETTER TO THE EDITOR

Reductions in A1C with Pump Therapy in Type 2
Diabetes Are Independent of C-Peptide
and Anti-Glutamic Acid Decarboxylase
Antibody Concentrations

Yves Reznik, MD,1 and Suiying Huang, MS,2 for the OpT2mise Study Group3

Dear Editor:

Insulin therapy is often necessary for patients with type
2 diabetes mellitus (T2DM) to achieve good glycemic

control. However, insulin initiation is often delayed, and
patients may spend 8 or more years with worsening glyco-
sylated hemoglobin (A1C) values as they progress through
treatment regimens including diet and exercise, metformin,
and combinations of oral agents.1 Fear of injections, hypo-
glycemia, and weight gain, along with the perception that
insulin will add to the burden of managing diabetes, all
contribute to clinical inertia prior to initiation of insulin
therapy.2,3 Although many T2DM patients reach A1C targets
with the addition of basal insulin therapy,4,5 others require
therapy intensification to a multiple daily injection (MDI)
regimen. However, even with MDI, about 30% of T2DM
patients do not meet A1C targets.6 These T2DM patients are
potential candidates for insulin pump treatment, which offers
several advantages compared with MDI. These advantages
include adjustable basal rates, fewer needle insertion proce-
dures, ability to deliver precise and convenient boluses, and
reductions in both glycemic variability and severe hypogly-
cemia.7 Moreover, the ability to download and display in-
formation stored in the pump allows tracking of insulin use
and assessment of adherence. Some evidence suggests that
prompt initiation of pump therapy in T2DM preserves b-cell
function8; however, the therapeutic value of pump therapy in
terms of A1C reduction has been poorly evaluated in T2DM
until recently. Whether favorable glycemic response to pump
therapy is restricted to the more severe insulin-deficient
T2DM patients or to the late-onset autoimmune diabetes
subset of T2DM-like patients remains questionable.

The recently completed OpT2mise trial (registered at
ClinicalTrials.gov with clinical trial registration number
NCT01182493) established that in poorly controlled T2DM
patients on optimized MDI regimens, intensification to in-
sulin pump treatment resulted in significant reductions in

A1C values. The study population included patients with a
wide age range (30–75 years), using MDI regimens and high
insulin doses (0.5–1.8 U/kg/day) titrated during a 2-month
run-in phase. All oral diabetes medications were stopped
except for metformin. Patients were randomized if their A1C
value was in the 8–12% range9 to either pump therapy
(n = 168) or to remain on MDI (n = 163). At the end of the 6-
month study phase, glucose control improved more in the
pump group (A1C dropped from 9% to 7.9%), with a be-
tween-group A1C difference of 0.7% in favor of pump
therapy (P < 0.001). Moreover, the total insulin daily dose
was reduced by 20% with pump compared with MDI, sug-
gesting an increase in insulin sensitivity driven by its con-
tinuous subcutaneous infusion.10

Investigational centers were required to collect plasma
from fasting subjects for C-peptide and anti-glutamic acid
decarboxylase (anti-GAD) antibody (Ab) determinations as
part of each subject’s baseline (before randomization) and
end-of-study (6-month) assessments; assays were carried out
at a central laboratory (Covance, Inc. [corporate headquar-
ters, Princeton, NJ]). C-peptide level was measured via di-
rect chemiluminescence (Siemens Healthcare Diagnostics,
Tarrytown, NY), and anti-GAD Ab level was measured via
radioimmunoassay (Kronus, Boise, ID). Subjects were retro-
spectively grouped according to anti-GAD and C-peptide con-
centrations to explore associations between these biomarkers
and baseline A1C values, A1C changes, or A1C changes at-
tributable to treatment group assignment. Significance tests
comparing between- and within-group A1C changes were per-
formed using an analysis of covariance that used treatment
group assignment, analyte concentration category, and baseline
A1C as covariates.

Baseline A1C values and changes in A1C at 6 months for
patients who were categorized according to baseline anti-
GAD Ab levels ( < 1 or ‡ 1 U/mL) or according to baseline
C-peptide levels chosen such that the population was strati-
fied into quartiles ( < 156 pmol/L [ < 0.47 ng/mL], ‡ 156 to
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< 309 pmol/L [ ‡ 0.47 to < 0.93 ng/mL], ‡ 309 to < 569 pmol/L
[ ‡ 0.93 to < 1.72 ng/mL], or ‡ 569 pmol/L [ ‡ 1.72 ng/mL])
are shown in Table 1. Eighteen percent of patients were
positive for the detection of anti-GAD Ab, a somewhat high
prevalence compared with that reported in previous studies of
T2DM cohorts.11 This relatively high rate of anti-GAD Ab
positivity may represent an unexpectedly high prevalence of
T2DM-like subjects with late-onset autoimmune diabetes in
our study population, a high false-positive rate in the assay
used for determining anti-GAD Ab concentrations, a rela-
tively low cutoff value for establishing anti-GAD Ab posi-
tivity, or some combination of these. Baseline A1C values
were not correlated with either anti-GAD Ab or C-peptide
concentrations. The largest difference between the pump and
MDI groups was seen in subjects with low or undetectable C-
peptide levels <156 pmol/L ( < 0.47 ng/mL). There was no
significant difference in A1C drop between patients with or
without anti-GAD Ab in both pump (P = 0.90) and MDI
(P = 0.46) groups. Similarly, there was no association be-
tween A1C drop and C-peptide concentration in both pump
(P = 0.74) and MDI (P = 0.14) groups. Regardless of treat-
ment assignment (pump or MDI), the mean A1C value de-
creased equally in each anti-GAD category and in each
C-peptide quartile, and the magnitude of A1C decrease was
always larger in those assigned to pump therapy compared
with MDI.

The OpT2mise study has demonstrated that patients with
clinically diagnosed T2DM and poor glycemic control as-
signed to pump therapy achieve a larger A1C reduction than
patients assigned to remain on MDI. The benefits of pump
treatment were not dependent on either anti-GAD Ab de-
tection or C-peptide concentrations at baseline. Therefore,
the presence or absence of these biomarkers should not be
used as a criterion for insulin pump therapy in T2DM patients
unable to achieve glycemic control on MDI.
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(baseline) (%) DA1C (%) n
A1C

(baseline) (%) DA1C (%)

Comparing
treatment
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Anti-GAD Ab
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‡ 569 pmol/L ( ‡ 1.72 ng/mL) 45 9.1 – 0.68 - 1.07 – 1.41 35 9.1 – 0.81 - 0.24 – 1.17 P = 0.006
Comparing C-peptide quartiles P = 0.74 P = 0.14

DA1C, change in glycosylated hemoglobin (A1C) from baseline to 6 months; Anti-GAD Ab, anti-glutamic acid decarboxylase antibody;
MDI, multiple daily injection.
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France; Dr. Kocsis Gy}oz}o & Dr. Thaisz Erszébet, Peterfy
Hospital, Budapest, Hungary; Pr. Nebojsa Lalic, Clinical
Center of Serbia, Belgrade, Serbia; Dr. Hugh Tildesley &
Jessica Aydin, ERS Endocrine Research Inc., Vancouver,
Canada; Pr. Ohad Cohen & Noa Konvalina, Chaim Sheba
Medical Center, Ramat Gan, Israel; Dr. B. Anne Priestman,
MD, FRCPC & Sandra Janicijevic, RN, Connect Health
Centre, New Westminster, Canada; Dr. Muriel Metzger &
Dr. Asher Corcos, Diabetes Clinic, Jerusalem, Israel;
Dr. Carol Joyce & Daisy Gibbons, Health Science Center, St.
John’s, Canada; Dr. Gracjan Podgorski & Ms. Alicja Pod-
gorska, Greenacres Hospital, Port Elizabeth, South Africa;
Dr. James R. Conway, MD & Deborah MacNair, MSN,
Canadian Centre for Research on Diabetes, Smiths Falls,
Canada; Dr. Ronald Goldenberg & Dr. Robert Schlosser,
LMC Endocrinology Centres (Thornhill) Ltd., Thornhill,
Canada; Dr. Bruce Perkins & Andrej Orszag, Toronto Gen-
eral Hospital, Toronto, Canada; Dr. Adriaan Kooy, MD, PhD
& Frank Huvers, MD, PhD, Bethesda Diabetes Research
Center, Hoogeveen, The Netherlands; Dr. Andreas Liebl,
Fachklinik Bad Heilbrunn, Bad Heilbrunn, Germany; Pr. B.
Guerci, MD, PhD & Laurence Duchesne, MD, CHU de
Nancy, Vandoeuvre-Les-Nancy, France; Dr. Bruce Bode,
Atlanta Diabetes Associates, Atlanta, USA; Elizabeth A.

Nardacci, FNP-BC, CDE & Marie A. Schongar, FNP-BC,
BC-ADM, CDE, Albany Medical College, Albany, USA; Dr.
Andreas Buchs, Assaf-Harofeh Medical Center, Zerifin,
Israel; Dr. Ilana Harmann-Boehn & Dr. Tatyana Shuster,
Soroka University Medical Center, Beer-Sheva, Israel; Dr.
Stuart Ross, University of Calgary, Calgary, Canada; Pr.
Sebastiano Filetti, MD & Dr. Alessandra Renzi, MD, Uni-
versita La Spapienza, Rome, Italy; Dr. Jean-Francois Yale &
Dr. Julie Bergeron, McGill University, Montreal, Canada;
Dr. Ignacio Conget & Dra. Marga Gimenez, Hospital Clı́nic i
Universitari, Barcelona, Spain; Pr. Larry A. Distiller & Dr.
Stan Landau, Centre for Diabetes and Endocrinology, Johan-
nesburg, South Africa; Dr. Ruth S. Weinstock, MD, PhD and
Suzan Bzdick, RN, CCRC, Upstate Medical University,
Syracuse, USA; Dr. Joelle Singer and Dr. Ilana Shraga-
Sluski, Rabin Medical Center, Petah Tikva, Israel; Dr. Ingrid
Schütz-Fuhrmann & Pr. Rudolf Prager, City Hospital Vienna,
Vienna, Austria; Dr. Ofri Mosenzon, MD & Avivit Cahn,
MD, Hadassah Medical Center, Jerusalem, Israel; Dr. Ludger
Rose, MD & Sina Ritter, SSN, Institut für Diabetesforschung
Münster GmbH, Münster, Germany; Pr. Francesco Giorgino
& Dr. Simona Bray, Università degli Studi di Bari, Bari,
Italy; Dr. R.A. Alwani & N.J. Schuur, IJsselland Ziekenhuis,
Cappelle a/d Ijssel, The Netherlands; Dr. Aloysius G Lie-
verse & Hanny van Vroenhoven, Maxima Medisch Centrum
Eindhoven, Eindhoven, The Netherlands; Dr. Francois
Moreau, CHU Strasbourg, Strasbourg, France; Pr. H. Hanaire
& Dr. Florence Labrousse, CHU de Toulouse Rangueil,
Toulouse, France; Pr. Geremia B. Bolli & Dr. Paola Lucidi,
Universita di Perugia, Perugia, Italy.
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