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Abstract

Background: Short-term continuous subcutaneous insulin infusion (CSII) in patients with newly diagnosed type 2 diabetes
has been proved effective in improving metabolic control and b-cell function, thus inducing long-term drug-free remission.
A randomized controlled trial was conducted to investigate whether CSII in combination with rosiglitazone, metformin, or
a-lipoic acid separately brings about extra benefits.
Patients and Methods: One hundred sixty patients with newly diagnosed type 2 diabetes were randomized to one of four
treatment groups: CSII alone, CSII in combination with rosiglitazone or metformin for 3 months, or CSII with a-lipoic acid
intravenous infusion for 2 weeks. Duration of CSII treatment was identical in the four groups. Glucose and lipid profiles,
homeostasis model assessment (HOMA) indices, acute insulin response (AIR), intramyocellular lipid (IMCL) level, and
malondialdehyde level were compared before and after intervention.
Results: The near-normoglycemia rate at the third month in CSII alone and that in combination with rosiglitazone, met-
formin, or a-lipoic acid was 72.5%, 87.5%, 90%, and 75%, respectively (metformin group vs. CSII alone, P = 0.045). The
metformin group achieved euglycemia in a shorter time (2.6 – 1.3 vs. 3.7 – 1.8 days, P = 0.020) with less daily insulin dosage
and was more powerful in lowering total cholesterol, increasing AIR and HOMA b-cell function, whereas reduction of IMCL
in the soleus was more obvious in the rosiglitazone group but not in the metformin group. The efficacy of combination with
a-lipoic acid was similar to that of CSII alone.
Conclusions: Short-term CSII in combination with rosiglitazone or metformin is superior to CSII alone, yet the efficacy of the
two differs in some way, whereas that with a-lipoic acid might not have an additive effect.

Introduction

Since Ilkova et al.
1

first reported the use of short-term
continuous subcutaneous insulin infusion (CSII) in pa-

tients with newly diagnosed type 2 diabetes mellitus in 1997,
their idea of transient intensive insulin treatment inducing
long-term drug-free glycemic remission has been put into
clinical practice, and evidence has accumulated for its merit.2–5

Although the idea was questioned by some for its feasibility
and laboriousness in practice,6 we showed in our previous
studies that short-term CSII treatment not only restores part of
the b-cell function and insulin sensitivity, but also has positive
impact on patients’ attitudes toward diabetes, which in turn is

beneficial to the maintenance of long-term drug-free remis-
sion.7 In a multicenter randomized parallel-group trial, we
demonstrated that in newly diagnosed type 2 diabetes pa-
tients treated with short-term CSII, 51.1% of them maintained
drug-free remission after 1 year, a value significantly higher
than that in the oral hypoglycemic agents group (26.7%;
P = 0.0012).3 However, nearly half of the patients receiving the
same treatment relapsed in less than 1 year. The principle of
short-term intensive CSII treatment is to reverse b-cell defi-
ciency and insulin resistance by rapid correction of gluco-
toxicity and lipotoxicity, the latter of which was associated
with chronic oxidative stress. We hypothesize that combina-
tion therapy to further enhance b-cell function as well as
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insulin sensitivity might be warranted to improve the long-
term drug-free remission rate.

Rosiglitazone and metformin (MET) are both well-docu-
mented insulin sensitizers with different working pathways.
We conjectured that combination of the two drugs with short-
term CSII separately might demonstrate different effects on
improving metabolic control and insulin sensitivity and thus
might have different additive effect on long-term remission.
An emerging body of evidence has indicated that oxidative
stress induced by chronic hyperglycemia plays an important
role in the etiology of b-cell damage and peripheral insulin
resistance by impairing mitochondrial function as well as in-
sulin signaling. a-Lipoic acid is a potent antioxidant with anti-
inflammatory and AMP-activated protein kinase-activating
properties, which exhibits therapeutic value in type 2 diabetes
and its complications.8,9 Combination of a-lipoic acid with
intensive insulin treatment to normalize hyperglycemia rap-
idly might have an extra effect on alleviating oxidative stress
as well as improving b-cell function and insulin sensitivity.

We therefore did a randomized controlled trial of short-
term CSII in combination with the insulin sensitizer rosigli-
tazone or MET or the antioxidant a-lipoic acid separately
using CSII alone as a control to compare the efficacy and
remission rate at 1 year. The rationale of study design and
preliminary data of the first 3 months are reported.

Subjects and Methods

Subjects

Newly diagnosed patients with type 2 diabetes mellitus,
according to the 1999 World Health Organization diagnostic
criteria, who had not previously received any antidiabetes
medication were recruited. The inclusion patients were be-
tween 25 and 70 years old, with fasting plasma glucose (FPG)
between 7.0 and 16.7 mmol/L and had a body mass index of
21–35 kg/m2. Fundus photographs, urine tests for albumin
excretion rate, routine Semmes–Weinstein monofilament, and
tuning fork vibration tests were performed to screen for mi-
crovascular complications. Patients were excluded if they had
severe acute complications or chronic complications of kidney
disease due to diabetes (albumin excretion rate >20 lg/min)
or diabetic retinopathy, which indicated that the disease was
not of recent onset. Those patients with intercurrent illness,
who tested positive for autoimmune antibodies to islet, or
with a history of macrovascular complications such as stroke
or heart attack were also excluded.

Study design

In a 3–7-day run-in period before hospitalization, a pre-
liminary evaluation on diet and exercise habits was per-
formed; as well, a Diabetes Care Profile questionnaire on
attitudes toward diabetes was completed by each patient.
Inclusion and exclusion criteria were reviewed. Informed
consent was signed. Then inclusion patients were randomly
assigned to one of four treatment groups. The first three
groups received CSII alone or CSII combined with either
rosiglitazone (4 mg) once daily (CSII + thiazolidinedione
[TZD]) or MET (0.5 g) three times daily (CSII + MET). The
two drugs were initiated with pump therapy and were ad-
ministered consecutively for 3 months. The fourth group
was the combination of CSII and 2 weeks of a-lipoic acid

(600 mg) intravenous infusion once daily (CSII + ALA). The
short-term regimen of CSII was identical in the four treat-
ment groups as described previously.2,3,7 In brief, rapid-
acting insulin analogs (NovoRapid� [Novo Nordisk A/S,
Bagsvaerd, Denmark] or HumaLog� [Eli Lilly, Indianapolis,
IN]) were administered with an insulin pump (Minimed 712;
Medtronic, Northridge, CA). The initial insulin dosage was
0.5–0.6 IU/kg/day, with total daily doses divided 50/50 for
basal and bolus infusion. Capillary blood glucose was
monitored eight times per day (before and 2 h after each
meal, at bedtime, and at 3 a.m). The doses were titrated every
day in order to achieve euglycemia (fasting blood glucose

£6.0 mmol/L and postprandial blood glucose £8.0 mmol/L)
within 3–5 days. CSII treatment was maintained for another
2 weeks and then suspended. No antihyperlipidemic agents
were used during the intervention.

During hospitalization, all patients were invited to participate
in routine education program on diabetes self-management,
including advice on lifestyle, dietary counseling, self-monitoring
of blood glucose, and recognition and treatment of hypo-
glycemia. Regular physical exercises, such as trotting, jog-
ging, or stair-climbing for more than 30 min post-meals, were
recommended.

Patients in the four treatment groups maintaining near-
normoglycemic targets (fasting blood glucose <7 mmol/L,
plasma blood glucose <10 mmol/L) after the suspension of
short-term CSII were followed up as outpatients by specially
assigned medical staff members. They were encouraged to
record all self-monitoring of blood glucose results and main-
tain diet control and physical exercise as instructed. When-
ever blood glucose exceeded a fasting blood glucose of >7.0
mmol/L or plasma blood glucose >10.0 mmol/L, patients
were asked to report for examination of venous plasma glu-
cose, even if it was not a scheduled visit. Those not meeting
with near-normoglycemic criteria would be confirmed 1 week
later with a repeated venous examination. Relapsed patients
were treated with either oral hypoglycemic agents or insulin
according to guidelines.

The protocol was approved by the Medical Research and
Ethics Committee of the First Affiliated Hospital of Sun Yat-
sen University (Guangzhou, People’s Republic of China). All
subjects had given their written informed consent.

Measurements

Anthropometric and laboratory data, such as height,
weight, waist and hip circumferences, blood pressure, FPG, 2-
h postprandial plasma glucose (PPG), glycated hemoglobin
(HbA1c), serum insulin, lipid profiles, and nonesterified fatty
acids (NEFAs), were measured before and after suspension of
CSII treatment. Homeostasis model assessment was used to
estimate basal b-cell function (HOMA-B) and insulin resis-
tance (HOMA-IR). The acute insulin response (AIR) was as-
sessed during the intravenous glucose tolerance test before
and after suspension of CSII, which was calculated as the
incremental trapezoidal area during the first 10 min of the
intravenous glucose tolerance test. All these measurements
were to repeat every 3 months during the follow-up period.
Plasma malondialdehyde (MDA), measured by chemical
colorimetry, and intramyocellular lipid (IMCL) content,
quantified using 1H-magnetic resonance spectroscopy, were
performed before and after suspension of CSII.
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Statistical analyses

SPSS for Windows version 18.0 software (SPSS, Inc., Chi-
cago, IL) was used for data analysis. Baseline characteristics
among the four groups, treatment efficacy, and safety profile
between treatment modules were compared after CSII sus-
pension and at the third month’s visit using the CSII alone
group as the control. One-way analysis of variance was used
to compare the differences among groups. Scheffé and Tam-
hane’s T2 post-tests were performed for multiple comparisons
between groups. The paired t test was done to compare the
differences before and after intervention. The v2 test was used
to analyze the differences of proportions. Logarithmic trans-
formation was performed before comparison for non-nor-
mally distributed variables. A two-sided value of P < 0.05 was
considered statistically significant.

Results

Baseline characteristics and general treatment efficacy

In total, 175 patients with newly diagnosed type 2 diabetes
were recruited for the study. Of these, 15 were excluded be-
cause of ketoacidosis, underweight, kidney dysfunction, or

declining participation. The remaining 160 patients were eli-
gible and were randomly assigned to one of the four treatment
groups. The enrolled patients were 49.8 – 10.4 years of age,
with a body mass index of 25.2 – 3.3 kg/m2, FPG of 11.8 – 3.2
mmol/L, and HbA1c of 11.0 – 2.1%. In them, 54 patients were
found hyperglycemia during routine physical examinations,
and the diagnoses were made when referring to diabetes
specialists. The other 106 patients were symptomatic with
disease duration of 3 months to 2 years before diagnosis.
Baseline features before intervention including anthropo-
metric data, glucose level, lipid profile, indices of b-cell se-
cretion (AIR, HOMA-B, and fasting proinsulin to insulin
ratio), insulin sensitivity (HOMA-IR), IMCL content in soleus
and tibialis, and plasma MDA level were comparable among
the four treatment groups (Table 1).

Compared with baseline, significant reductions in HbA1c,
FPG, PPG, proinsulin to insulin ratio, HOMA-IR, and MDA
level were observed in all four treatment groups after CSII
suspension. Both AIR and HOMA-B increased markedly as
well. A similar proportion of patients treated with CSII
alone or with a-lipoic acid combination maintained the near-
normoglycemic goal after suspension of the insulin pump
(77.5% and 75%, respectively; P = 0.793), whereas only three

Table 1. Baseline Characteristics of Patients in the Four Treatment Groups

Group

Characteristic CSII alone CSII + TZD CSII + MET CSII + ALA P value

Number 40 40 40 40 —
Gender (F/M) 25/15 26/14 26/14 26/14 0.993
Age (years) 50.8 – 9.7 49.9 – 10.2 49.2 – 11.3 49.6 – 10.5 0.921
Familial history (%) 50 55 50 65 0.489
Smoking (%) 42.5 40 32.5 40 0.814
Blood pressure (mm Hg)

Systolic 123 – 18 124 – 20 130 – 21 128 – 16 0.222
Diastolic 81 – 11 80 – 9 82 – 10 80 – 10 0.905

BMI (kg/m2) 25.0 – 3.1 25.4 – 3.5 25.8 – 3.1 24.9 – 3.5 0.613
Waist circumference (cm) 90.2 – 8.3 89.3 – 9.2 91.5 – 10.0 90.6 – 9.1 0.779
Waist to hip ratio (%) 93.3 – 6.0 91.9 – 5.9 93.5 – 7.6 93.9 – 5.5 0.520
Ketosis at diagnosis (%) 17.5 27.5 37.5 32.5 0.234
HbA1c (%) 10.9 – 1.8 10.7 – 2.3 11.1 – 1.8 11.2 – 2.4 0.716
FPG (mmol/L) 11.9 – 3.2 11.6 – 3.3 12.2 – 3.0 11.5 – 3.4 0.798
PPG (mmol/L) 18.4 – 5.5 17.6 – 6.3 18.2 – 4.7 18.1 – 6.2 0.928
Cholesterol (mmol/L) 5.8 – 1.2 5.9 – 0.9 5.9 – 1.3 5.9 – 1.4 0.970
Triglycerides (mmol/L) 1.60 (0.66) 1.69 (1.45) 1.99 (1.48) 1.53 (1.09) 0.207
HDL-C (mmol/L) 1.11 – 0.24 1.12 – 0.24 1.08 – 0.27 1.22 – 0.30 0.082
LDL-C (mmol/L) 4.06 – 1.12 3.79 – 0.98 4.01 – 1.20 3.95 – 1.31 0.751
NEFA (mEq/L) 0.66 – 0.20 0.66 – 0.21 0.55 – 0.14 0.66 – 0.36 0.476
AIR (pmol/L$10 min) - 80.8 (143) - 110 (141) - 57.8 (197) - 43.0 (151) 0.375
HOMA-B 18.7 (16.4) 17.3 (29.2) 16.4 (29.7) 22.3 (32.1) 0.866
Proinsulin/insulin ratio 0.66 (0.58) 0.58 (0.34) 0.63 (0.43) 0.54 (0.81) 0.991
HOMA-IR 3.72 (2.36) 4.21 (2.85) 3.87 (1.88) 3.17 (2.68) 0.095
IMCL (mmol/kg) in

Soleus 12.1 – 3.4 13.8 – 5.4 12.5 – 4.8 11.5 – 4.7 0.289
Tibialis 3.45 – 1.91 3.38 – 1.74 3.94 – 2.67 3.39 – 1.42 0.663

MDA (lmol/mL) 11.2 – 4.1 14.3 – 8.9 14.3 – 7.7 13.1 – 7.2 0.187

Data are mean – SD values. Non-normally distributed variants such as triglyceride levels, acute insulin response (AIR), homeostasis model
assessment of b-cell function (HOMA-B), proinsulin to insulin ratio, and homeostasis model assessment of insuin resistance (HOMA-IR) were
expressed as median (interquartile range) values and were logarithmically transformed before comparison.

ALA, a-lipoic acid; BMI, body mass index; CSII, continuous subcutaneous insulin infusion; F, female; FPG, fasting plasma glucose; HbA1c,
glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; IMCL, intramyocellular lipid; LDL-C, low-density lipoprotein cholesterol;
M, male; MDA, malondialdehyde; MET, metformin; NEFA, nonesterified fatty acid; PPG, postprandial plasma glucose; TZD,
thiazolidinedione.
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patients each in the two insulin sensitizer treatment groups
failed the target. At the month 3 visit, two more patients in the
CSII alone group relapsed, whereas the proportion in the
CSII + ALA group remained the same. Patients in the CSII +
TZD and CSII + MET groups stopped the oral medication for 3
days and came back for examination. A similar proportion of
patients in the two groups maintained near-normoglycemia
(87.5% and 90%, respectively; P = 1.000); both were higher than
in the CSII alone group with marginal significance (72.5% for
CSII alone) (P = 0.094 and P = 0.045, respectively) (Fig. 1).

Comparison of treatment efficacy among groups
after CSII suspension

Most patients in the four groups achieved euglycemia
within the first week of intervention: 87.3% of them were
within 5 days, and 56.9% were within 3 days. The days to
target interval was significantly shorter, and daily dosage of
insulin (U/kg) on the day achieving euglycemia was signifi-
cantly less in the CSII + MET group, whereas daily dosage of
insulin (U/kg) on the day before suspension of insulin pump
was comparable in the four groups. Significant reduction in
body weight and waist circumference was recorded in most of
the patients, and the effect was not different among groups.
Glucose level, including HbA1c, FPG, and PPG, was mark-
edly decreased from baseline, and the decrement was similar
among groups. Lipid profile improved to some extent, with
CSII + MET treatment being more superior to CSII alone in
reducing total cholesterol (P = 0.010) and low-density lipo-
protein cholesterol (P = 0.067). Significant suppression of

fasting NEFA level was shown in the CSII alone (P = 0.004)
and CSII + TZD (P = 0.021) groups compared with baseline,
but not in the CSII + MET (P = 0.425) and CSII + ALA
(P = 0.886) groups. However, the changes in fasting NEFAs
were not significantly different among the groups (Table 2
and Fig. 2).

Both HOMA-B and AIR were significantly elevated from
baseline in the four treatment groups. The proinsulin to in-
sulin ratio decreased in most patients except for those in the
CSII + ALA group. Combination therapy with MET had extra
effect on improving HOMA-B and AIR compared with CSII
alone. Significant reduction in HOMA-IR from baseline was
documented in the four groups with similar efficacy. The
IMCL contents in soleus and tibialis were significantly re-
duced from baseline in the groups (P < 0.05) other than the
CSII + MET group (P = 0.096 for soleus and P = 0.366 for
tibialis). The decline of IMCL content in soleus was more
obvious in the CSII + TZD group than in the CSII alone group
(4.45 – 4.15 mmol/kg vs. 1.72 – 3.26 mmol/kg, P = 0.022),
whereas the decline of IMCL content in tibialis was not
different among groups (P = 0.240). The MDA level de-
creased in all the four groups with comparable efficacy
(Table 2 and Fig. 2).

Comparison of treatment efficacy between groups
at month 3

It is notable that at the month 3 visit, there was further
reduction in body weight, waist circumference, and waist to
hip ratio in the four groups of patients. For example,

FIG. 1. Flow chart of randomized grouping and numbers of patients maintaining near-normoglycemia in each group after
continuous subcutaneous insulin infusion (CSII) suspension and at month 3. ALA, a-lipoic acid; MET, metformin; TZD,
thiazolidinedione.
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patients in the CSII alone group lost about 2.61 – 3.32 kg in
body weight and 3.88 – 3.50 cm in waist circumference
compared with those after CSII suspension. The waist to hip
ratio decreased by 3.46 – 4.33%. The reduction was similar
between CSII alone and the other combination treatment
groups (Fig. 2).

HbA1c was further reduced to near normal at month 3 with
comparable efficacy in the four groups; the reduction was
significant compared with that after CSII suspension. The
proportions of patients achieving HbA1c below 7%, 6.5%, and
6% were significantly higher in the CSII + MET group than in
the CSII + ALA group, yet similar to the other two groups.
FPG was maintained near the normal level in all the four
treatment groups, and only the reduction from that after CSII
suspension was significant in the CSII alone group. PPG was
not repeated at this visit (Fig. 2).

AIR improved considerably in the CSII alone group and the
two insulin sensitizer groups at month 3 compared with those
after CSII suspension. The elevation of HOMA-B achieved
significance only in the CSII alone group. Insulin sensitivity
decreased slightly from that after CSII suspension as indicated
by the small increment of HOMA-IR, even in the two insulin
sensitizer groups, but the worsening was not significant.
HOMA-IR at month 3 after suspension of all the medication
was similar in the four treatment groups (Table 3).

Safety issues

The most common adverse event was hypoglycemia
(capillary blood glucose <3.9 mmol/L) during the short-
term intensive CSII treatment period. Of the eight times
daily capillary blood glucose monitoring for the consecu-
tively 2–3-week period, an average of three to five episodes
of hypoglycemia occurred in each patient within the whole
CSII treatment period, and the frequency of hypoglycemic
episodes was similar among groups. The majority of the
hypoglycemic events were documented symptomatic hy-
poglycemia and probable symptomatic hypoglycemia oc-
curred during the daytime, especially after exercises. They
were mild to moderate and were soon corrected by inges-
tion of a snack of carbohydrate. Relative hypoglycemia was
present in some patients in the first few days of diet re-
striction during CSII treatment. Neither asymptomatic hy-
poglycemia nor severe hypoglycemia was documented in
either group. No hypoglycemic events were reported after
CSII suspension.

Of those treated with MET, two patients reported loss of
appetite and moderate diarrhea at the beginning, but the drug
regimen was tolerated after replacement with enteric-coated
tablets and gradual dosage titration. One patient treated with
rosiglitazone was allergic to the drug and switched to

Table 2. Insulin Dosage and Clinical Features in the Four Treatment Groups

After Continuous Subcutaneous Insulin Infusion Suspension

Group

Characteristic CSII alone CSII + TZD CSII + MET CSII + ALA P value

Days to target 3.7 – 1.8 3.6 – 1.6 2.6 – 1.3 4.0 – 2.1 0.004a

Daily insulin dosage (units/kg)
On day achieving targets 0.85 – 0.16 0.79 – 0.15 0.72 – 0.16 0.87 – 0.22 0.001a

Before CSII suspension 0.53 – 0.19 0.49 – 0.17 0.41 – 0.23 0.53 – 0.21 0.043a

Episodes of hypoglycemia 4.0 – 3.4 3.1 – 2.9 3.5 – 2.7 5.1 – 3.9 0.052
Body weight (kg) 68.4 – 10.9 69.0 – 11.8 70.1 – 11.5 67.8 – 12.6 0.853
Waist circumference (cm) 88.8 – 8.5 87.9 – 8.1 88.3 – 8.5 89.2 – 9.8 0.925
Waist/hip ratio (%) 93.3 – 6.8 91.7 – 5.4 92.3 – 7.6 93.1 – 6.2 0.709
HbA1c (%) 9.4 – 1.5 9.3 – 1.9 9.5 – 1.3 9.4 – 1.9 0.984
FPG (mmol/L) 6.7 – 1.3 6.2 – 1.0 5.8 – 1.0 6.8 – 2.1 0.006a

PPG (mmol/L) 8.8 – 3.0 8.5 – 2.5 7.6 – 2.5 8.6 – 3.0 0.218
Cholesterol (mmol/L) 5.5 – 1.1 5.6 – 0.8 5.0 – 0.9 5.5 – 1.3 0.073
Triglyceride (mmol/L) 1.18 (0.59) 1.43 (0.95) 1.27 (0.62) 1.13 (0.92) 0.067
HDL-C (mmol/L) 1.23 – 0.25 1.22 – 0.26 1.18 – 0.20 1.28 – 0.26 0.339
LDL-C (mmol/L) 3.79 – 0.90 3.63 – 0.72 3.43 – 0.86 3.66 – 1.13 0.366
NFFA (mEq/L) 0.50 – 0.15 0.55 – 0.18 0.52 – 0.14 0.64 – 0.37 0.279
AIR (pmol/L$10 min) 316 (360) 329 (943) 419 (912) 472 (650) 0.012a

HOMA-B 53.3 (40.4) 48.6 (62.6) 62.6 (57.5) 50.6 (49.0) 0.002a

Proinsulin/insulin ratio (%) 30.5 (12) 30.0 (19) 23.0 (15) 38.5 (56) 0.010a

HOMA-IR 2.00 (1.10) 2.11 (1.11) 1.85 (1.61) 1.57 (1.47) 0.948
IMCL (mmol/kg) in

Soleus 10.0 – 2.5 10.0 – 3.5 11.7 – 3.0 9.4 – 3.9 0.065
Tibialis 2.64 – 1.39 2.51 – 1.23 3.50 – 1.31 2.46 – 0.94 0.008a

MDA (lmol/mL) 8.3 – 3.1 11.8 – 6.1 12.3 – 5.6 11.0 – 7.4 0.012a

Data are mean – SD values. Non-normally distributed variants such as triglycerides, acute insulin response (AIR), homeostasis model
assessment of b-cell function (HOMA-B), proinsulin to insulin ratio, and homeostasis model assessment of insulin resistance (HOMA-IR)
were expressed as median (interquartile range) values and were logarithmically transformed before comparison.

aOne-way analysis of variance was used to compare the differences among groups. P < 0.05 was considered significant.
ALA, a-lipoic acid; BMI, body mass index; CSII, continuous subcutaneous insulin infusion; FPG, fasting plasma glucose; HbA1c, glycated

hemoglobin; HDL-C, high-density lipoprotein cholesterol; IMCL, intramyocellular lipid; LDL-C, low-density lipoprotein cholesterol; MDA,
malondialdehyde; MET, metformin; NEFA, nonesterified fatty acid; PPG, postprandial plasma glucose; TZD, thiazolidinedione.
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pioglitazone. No treatment-related edema, liver dysfunction,
or cardiovascular events were recorded.

Discussion

In this study, we compared the differences in the amelio-
ration of glucose and lipid metabolism, b-cell function, and
insulin sensitivity after intervention between CSII treatment
with or without combination. The design rationale for treat-
ment duration and dosage of medication in combination
therapy was based on clinical experience as well as scientific
hard data. As for the treatment period of the two insulin
sensitizers, data from A Diabetes Outcome Progression Trial
(ADOPT) demonstrated that for patients with rosiglitazone or
MET monotherapy, a marked reduction in FPG and HbA1c
was observed at the first 2–4 months, followed by a much
gradual descending trend to touch bottom at 1 year.10 On the
other hand, TZDs increase insulin action through stimulation
of the expression of genes that increase fat oxidation and the
expression, synthesis, and release of adiponectin, as well as
the stimulation of adipocyte differentiation, resulting in more
and smaller fat cells. Thus, glycemic changes may be apparent
2–4 weeks after initiating treatment, but clinically meaningful
effects generally occur 8–12 weeks into treatment.11,12 Thus, 3
months might be eligible for short-term as well as effective
treatment duration. The dosage and duration of a-lipoic acid
intravenous infusion are the standard regimen used in clinical
practice for the treatment of diabetic polyneuropathy, which
were also shown to have potential cytoprotective effects on b-
cells under oxidative stress.13

In accordance with our previous studies, short-term CSII-
based intensive treatment was very effective on improving
glycemic control, lipid profile, b-cell function, and insulin
sensitivity, resulting in immediate good glycemic control
freed of medication in a large proportion of patients. The
near-normoglycemia rate at month 3 in the CSII alone group
and those in combination with rosiglitazone, MET, or a-
lipoic acid were 72.5%, 87.5%, 90%, and 75%, respectively.
Combination with insulin sensitizers did better in the short
run, whereas CSII combined with a-lipoic acid was similar to
CSII alone. Because it takes a much longer time for TZDs to
have an effect and because previous long-term clinical trials

also indicate that the decrease in HbA1c level is sustainable
with TZD treatment,10,14 we could not rule out the possi-
bility that there would be progressive improvement in gly-
cemic control that extends to a longer period after cessation
of the medication. Likewise, the waning of the effect of TZDs
after cessation takes weeks, so that testing just 3 days after
discontinuing the drug may limit any conclusions about how
it compares with MET, whose biologic effects are of much
shorter duration.

Although the efficacy seemed comparable between the two
insulin sensitizer treatment groups, there were some delicate
differences with respect to the advantage of combination.
First, the MET group achieved euglycemia faster with a lower
daily insulin dosage, indicating a faster action property,
whereas rosiglitazone did not spare the amount of insulin in a
2–3-week CSII treatment period. Second, while still on med-
ication (after suspension of CSII), the MET group was supe-
rior to CSII alone in improving HOMA-B and AIR, yet the
effect of combination with rosiglitazone was equivalent to
CSII alone. The greater improvement of MET on HOMA-B
was attributable to a relatively lower FPG and fasting insulin
concentration due to its effect on suppressing hepatic gluco-
neogenesis and reducing hepatic insulin resistance, the latter
of which was shown to be closely and inversely correlated to
AIR.15–17 However, the ameliorative effect seemed not sus-
tainable because the differences in HOMA-B and AIR was no
more significant with the discontinuance of oral medication at
month 3. Third, MET treatment had an additional effect
on lowering total cholesterol and low-density lipoprotein
cholesterol, whereas the favorable effect on lipids was com-
parable between CSII alone and with the rosiglitazone
combination. The United Kingdom Prospective Diabetes
Study was the first to manifest MET’s vascular protective ef-
fect independent of its glucose-lowering action, which was
confirmed by several other randomized controlled trials.18–20

The probable explanation was attributable to its moderate
anti-atherosclerosis effect on reducing total and low-density
lipoprotein cholesterol levels, along with other beneficial
effects on the endothelial dysfunction, pro-thrombotic, and
pro-inflammatory state.21 The aim of our study was not to
investigate the relationship between short-term intensive
treatment and macrovascular complications, but we did show

Table 3. Comparisons at Month 3 in the Four Treatment Groups

Group

Characteristic CSII alone CSII + TZD CSII + MET CSII + ALA P value

Weight (kg) 65.7 – 8.3 69.0 – 12.0 68.0 – 11.5 64.2 – 10.5 0.306
Waist (cm) 83.1 – 6.0 85.3 – 9.7 85.8 – 7.1 84.0 – 7.7 0.429
Waist/hip ratio (%) 87.8 – 4.4 88.7 – 7.5 89.8 – 4.0 90.9 – 5.0 0.193
HbA1c (%) 6.4 – 0.5 6.5 – 0.8 6.2 – 0.5 6.9 – 0.8 0.001a

FPG (mmol/L) 5.9 – 0.9 6.1 – 1.2 5.6 – 1.0 6.7 – 1.4 0.006a

AIR (pmol/L$10 min) 88.2 (83.7) 85.6 (193.0) 134.7 (137.3) 42.9 – 54.6 0.004a

HOMA-B 80.6 (55.4) 68.2 (74.1) 93.9 (66.9) 56.9 (36.4) 0.011a

HOMA-IR 2.32 (2.16) 2.05 (1.55) 1.99 (2.32) 2.24 (1.90) 0.819

Data are mean – SD values. Non-normally distributed variants such as acute insulin response (AIR), homeostasis model assessment of b-
cell function (HOMA-B), and homeostasis model assessment of insulin resistance (HOMA-IR) were expressed as median (interquartile range)
values and were logarithmically transformed before comparison.

aOne-way analysis of variance was used to compare the differences among groups. P < 0.05 was considered significant.
ALA, a-lipoic acid; CSII, continuous subcutaneous insulin infusion; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; MET,

metformin; TZD, thiazolidinedione.
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an additional effect of MET on the lipid profile even in such a
short treatment period. In contrast, previous studies
consistently showed that chronic rosiglitazone treatment
significantly increased total, low-density lipoprotein, and
high-density lipoprotein cholesterol levels, which was at
variance with our observation.22–24 We speculate that a short-
term treatment, as well as the relatively mild dyslipidemia in
newly diagnosed patients, could possibly be offset by signif-
icant weight reduction during treatment and rapid normali-
zation of blood glucose. Finally, and interestingly, although
HOMA-IR decreased significantly and comparably in the
two insulin sensitizer groups after suspension of the insulin
pump, the decline of IMCL content in soleus differed. The
reduction was more obvious in the rosiglitazone group
than in the CSII alone and MET groups. The change was not
close to significance in the MET group compared with
baseline. Similarly, the previous study by Tiikkainen et al.25

indicated that 16 weeks of treatment with either rosiglita-
zone or MET improved hepatic insulin sensitivity with
comparable efficacy, but only rosiglitazone but not MET
decreased liver fat content. IMCL is now regarded as a
tissue marker for peripheral insulin resistance, showing a
close yet inverse correlation with measurable indices of
insulin sensitivity, including data from hyperinsulinemic
euglycemic clamp studies.26,27 Soleus is rich in oxidative,
slow-twitch type I fibers and contains more IMCL than
tibialis and thus has an even closer relation to insulin re-
sistance.28 Rosiglitazone, as a peroxisome proliferator-
activated receptor-c agonist, promotes fatty acid uptake
and storage in adipocytes as well as increasing subcuta-
neous adipose tissue mass, thus sparing other insulin-
sensitive tissues, such as skeletal muscle and liver, from
NEFA deposition.29 Moreover, TZDs facilitate normal ad-
ipocyte differentiation by shifting large adipocytes into
new, small, and more insulin-sensitive ones; the latter are
more efficient at storing lipids.30 In contrast, MET, serving
as an AMP-activated protein kinase activator, inhibits li-
polysis at least in part by inhibiting hormone-sensitive
lipase translocation to the lipid droplet.31 However, as shown
in our study, the reduction of IMCL content in the MET
treatment group was not significant or even worse than with
CSII alone. Our result is in accordance with two studies from
Japan showing a null effect of MET on IMCL in overweight
subjects and type 2 diabetes patients.32,33 A recent study by
Malin et al.34 showed that 12 weeks of treatment with MET
(2,000 mg/day) in prediabetes subjects blunted the full effect
of exercise training by 25–30% on insulin sensitivity as mea-
sured by the hyperinsulinemic euglycemic clamp. The negli-
gible effect of MET on IMCL content reduction needs further
investigation. Correlation analysis in our study showed that
the reduction of IMCL content in soleus was positively cor-
related to the average daily insulin dosage per kilogram
(r = 0.274, P = 0.007) (authors’ unpublished data). The insulin-
economizing effect of MET might in part be responsible for the
lesser reduction of IMCL content.

a-Lipoic acid did not seem to increase the near-normogly-
cemia targeting rate, nor did it augment the effect of CSII
treatment in elevating HOMA-B and AIR or reducing
HOMA-IR and IMCL content. It was not superior to CSII
alone in decreasing the MDA level either. In a study by Xiao
et al.35 examining the effect of 2 weeks of oral a-lipoic acid
(1,800 mg/day) on insulin sensitivity and secretion in over-

weight and obese subjects without diabetes during a 24-h li-
pid infusion protocol, a-lipoic acid did not provide protection
against the detrimental effects of prolonged elevation of
NEFA levels on insulin action and secretion as assessed by
hyperglycemic and euglycemic clamp techniques. On the
other hand, the rapid normalization of glucotoxicity and li-
potoxity along with physical exercises to reduce weight per se
in patients treated with short-term CSII might occur with a
strong antioxidative effect that exceeded the impact of a-lipoic
acid itself, the latter of which was used in a relatively short
period with a small dose. Because oxidative stress is a com-
plex process involving a great many elements that might in-
terfere with its link to the etiology and development of
diabetes, we are not intending to negate a-lipoic acid as a
potent antioxidant, which has been proved valid in previous
in vitro and in vivo studies for its effect on b-cell function and
insulin sensitivity,13,36,37 but the combination with a-lipoic
acid might not be advantageous over CSII alone from a cost-
effectiveness point of view.

There are some limitations of the study that need to be ad-
dressed. The sample size in each group is relatively small. As-
suming that the sample size provides 90% power to detect a
10% difference between a CSII combination group and that of
CSII alone, while also allowing for 10% loss to follow-up over 1
year, the sample size should be approximately 154 patients in
each group, which is far larger than that available at the present
study. Thus the marginal results of the effects of MET and
rosiglitazone in this study might be due to underpowering. A
multicenter clinical trial to include more patients is needed. On
the other hand, effective life-style interventions including diet
and exercises are very helpful in short-term intensive CSII-
based therapies. Detailed forms should be designed and used to
evaluate and balance the compliance with life-style interven-
tion in each group to achieve the net effects of the medications.

In conclusion, our randomized controlled trial on combi-
nation therapy with the insulin sensitizers rosiglitazone and
MET or with the antioxidant a-lipoic acid shows that CSII-
based short-term intensive treatment in patients with newly
diagnosed type 2 diabetes is very effective in improving gly-
cemic and lipid control, b-cell function, and insulin sensitivity.
Combination with a-lipoic acid might not have an additive
effect, whereas near-normoglycemia rates in the two insulin
sensitizer groups are relatively higher than CSII alone in the
short run. The efficacy of rosiglitazone and MET differs on the
aspect of day to target interval during CSII treatment, daily
insulin dosage, amelioration on lipid profile, reduction of
IMCL content in soleus, etc. Their effects on long-term drug-
free remission remain to be determined.
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