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OBJECTIVE—To examine the effect of intensive glycemic control therapy (IT) on insulin
sensitivity and b-cell function in newly diagnosed type 2 diabetic patients compared with sub-
jects with normal glucose tolerance (NGT) and those with impaired glucose tolerance (IGT).

RESEARCH DESIGN AND METHODS—Forty-eight newly diagnosed type 2 diabetic
patients were randomly assigned to IT for 2 weeks and followed up for 1 year. Intravenous
glucose tolerance tests were conducted in NGT, IGT, and diabetic subjects. Blood glucose and
insulin were measured before and after IT and at the 1-year follow-up.

RESULTS—IT lowered the homeostasis model assessment (HOMA) for insulin resistance (IR)
significantly, from 3.126 1.4 (mean6 SD) to 1.726 0.8, a level comparable to the IGT (1.966
1.1) and NGT (1.37 6 0.6) subjects in the remission group; however, no HOMA-IR improve-
ment was observed in nonremission subjects. HOMA-b in the remission group was improved
(mean, interquartile range) from 18.4 (8.3–28.5) to 44.6 (32.1–69.1) and acute insulin response
of insulin (AIRins) from 1.506 0.22 to 1.836 0.19 mIU/mL after IT, but was still significantly
lower than those in NGT individuals (HOMA-b: 86.4 [56.7–185.2], P , 0.01; AIRins: 2.54 6
0.39 mIU/mL, P , 0.01). After IT and at 1 year, the hyperbolic relationship between HOMA-b
and HOMA sensitivity of remission subjects shifted close to that of IGT subjects.

CONCLUSIONS—IT in newly diagnosed type 2 diabetes not only partially restored b-cell
function but also greatly restored insulin sensitivity. Compared with IGT and NGT subjects,
b-cell function was less restored than insulin sensitivity after IT in the remission subjects.
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Type 2 diabetes is a complex meta-
bolic disease attributed to genetic
and environmental susceptibility (1).

Insulin resistance (IR) and b-cell dys-
function are both responsible for patho-
genesis of type 2 diabetes (2–4). Qian
et al. (5) reported that b-cell failure, in-
stead of aggravated IR, might be the main
reason for Chinese subjects with im-
paired glucose tolerance (IGT) to develop
diabetes. Conventional first-line medica-
tions for type 2 diabetes include gliclazide,

nateglinide, and metformin aimed to im-
prove b-cell function and IR, but these
treatments are usually long-term.

Recently, short-term intensive glycemic
control therapy (IT) was reported to achieve
long-term glycemic control (6–9) in a large
percentage of patients with newly diagnosed
type 2 diabetes, and thus, the therapy may
be developed as an alternative effective
treatment or cure for type 2 diabetes. How-
ever, the mechanism underlying the ther-
apy is not well understood. Several studies

reported an improvement of b-cell function
by IT (8,10,11), but only a few studies have
examined insulin sensitivity changes during
and after IT (10,12). Li et al. (8) reported an
improvement of homeostasis model assess-
ment (HOMA)-IR in remission and nonre-
mission groups after IT with continuous
insulin infusion. However, Chen et al. (9)
did not observe a significant change of
HOMA-IR in diabetic patients, even though
their b-cell function was improved after IT.
Thus, the effect of short-term IT on IR in sub-
jects with newly diagnosed type 2 diabetes
is controversial and not well documented.

We hypothesized that improvement
of IR is an important mechanism for IT-
mediated long-term remission in subjects
with newly diagnosed type 2 diabetes. There-
fore, we determined the changes of both
insulin sensitivity and b-cell function be-
tween remission and nonremission groups
during and after short-term IT in patients
with newly diagnosed type 2 diabetes and
compared the restoration levels of b-cell
function and insulin sensitivity in these
patients with results in IGT and normal glu-
cose tolerant (NGT) subjects. We found that
in the remission group, IT significantly
improved IR but only modestly restored
b-cell function, suggesting that the nearly
normal restoration of insulin sensitivity could
be an important mechanism for the long-
term remission achieved with IT.

RESEARCH DESIGN AND
METHODS

Subjects
Human subjects were divided into type 2
diabetes, IGT, and NGT groups, based on
WorldHealthOrganization 1999 diagnostic
criteria (13). Forty-eight newly diagnosed
type 2 diabetic patients (34 men, 14 women)
were a subset of the multicenter study of
382 patients as reported in The Lancet by
Weng et al. (10). They were 50.66 7.9 years
of age, with a BMI of 25.76 3.3 kg/m2, non-
ketourine, and negative for islet cell antibod-
ies and had not received antihyperglycemic
therapy. Exclusion criteria included acute
and severe chronic diabetes complications.
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All NGT and IGT subjects were newly
recruited and underwent a standard 75-g
oral glucose tolerance test (OGTT). The
28 IGT subjects (17 men, 11 women) were
51.1 6 7.6 years of age, with a BMI of
25.0 6 2.6 kg/m2, fasting plasma glucose
(FPG) of 5.6 6 0.8 mmol/L, and 2-h post-
prandial plasma glucose (PPG) of 8.86 1.3
mmol/L. The 12 NGT subjects (9 men,
3 women) were 39.5 6 9.2 years of age,
with a BMI of 24.7 6 2.1 kg/m2, FPG of
4.6 6 0.5 mmol/L, and PPG of 5.0 6 0.5
mmol/L. Age and PPG, but not FPG and
BMI, were statistically significant between
the IGT and NGT groups. All studies were
done at Drum Tower Hospital. All subjects
had given written informed consent.

Study design
The patients were randomly assigned to
three antihyperglycemic therapies: continu-
ous subcutaneous insulin infusion (CSII),
multiple daily insulin injections (MDI),
or oral hypoglycemic agents (OHA). The CSII
group received Novolin-R (Novo Nordisk,
Bagsværd, Denmark) with an insulin
pump. The MDI group was treated with
Novolin-R before each meal and Novolin-N
(Novo Nordisk) at bedtime. Initial insulin
doses were 0.4–0.5 IU/kg per day. Total
daily doses were divided into 50% basal
and 50% bolus injection in the CSII group
and into 30%-20%-20%-30% in the MDI
group. In the OHA group, gliclazide (Servier,
Tianjin, China) was initially administered
at 80 mg twice daily to patients with a BMI
of 20–25 kg/m2, and the dose was doubled
depending on the blood glucose level. Met-
formin (Glucophage; Bristol-Myers Squibb,
New York, NY) was initially given at 0.5 g
twice daily day in the patients with a BMI of
25–35 kg/m2 andwas increased up to amax-
imum of 2.0 g daily. Gliclazide and metfor-
minwere combined until hyperglycemiawas
controlled in patients who did not reach the
glycemic control goal using one kind of oral
hypoglycemic agent. The glycemic control
target was defined as FPG ,6.1 mmol/L
and PPG ,8.0 mmol/L. Treatments were
maintained for 2 weeks after the target was
reached.

Outpatient clinic follow-up
After 2 weeks of IT, medication was stopped,
patients were advised to perform moderate
exercise of 30 min of walking after meals
and to eat a low-caloric, low-fat, high-fiber
diet and more vegetables. Glycemic control
was monitored monthly during the initial 3
months and at 3-month intervals thereafter.
Hyperglycemia relapse was defined as FPG
.7.0 mmol/L or PPG .11.0 mmol/L, and
measurements were repeated 1 week later.
Patients who maintained optimal glycemic
control for at least 12 months without

medication were defined as remission sub-
jects, and those who relapsed during the
1-year follow-up were defined as nonre-
mission subjects. The remission subjects
received no medication, whereas the re-
lapsed patients resumed OHA or IT during
the 1-year follow-up period.

Measurements
All patients were studied in the morning
after a 10-h overnight fast. Blood was drawn
for the measurement of total cholesterol

(TC), triglycerides (TG), HDL and LDL
cholesterol, free fatty acid (FFA), FPG,
PPG, glycosylated hemoglobin A1c (A1C),
and insulin. Then NGT, IGT, and type 2 di-
abetic patients underwent intravenous glu-
cose tolerance test (IVGTT) with a 25-g dose
of glucose. Serum samples were obtained at
1, 2, 4, 6, and 10 min after the glucose in-
jection for insulin determination. The blood
measurements and IVGTT were repeated af-
ter 2-week normoglycemia and at the 1-year
follow-up in type 2 diabetic patients.

Table 1—Comparison of clinical characteristics between the remission and nonremission
groups during IT and at 1-year follow-up

Variable Total
Remission
group

Nonremission
group P

n 48 21 27
Sex
Male 34 15 19
Female 14 6 8

Age (years) 50.6 6 7.9 49.4 6 8.8 51.5 6 7.1 0.376
BMI (kg/m2)
Before therapy 25.7 6 3.3 26.3 6 3.8 25.3 6 2.9 0.326
After therapy 25.6 6 3.1 26.0 6 3.3 25.2 6 2.9 0.393
At 1 year 25.2 6 3.3 25.2 6 3.5 25.2 6 3.2 0.974

FPG (mmol/L)
Before therapy 11.5 6 2.8 11.7 6 2.9 11.7 6 2.4 0.993
After therapy 7.5 6 2.1* 6.2 6 0.8* 8.5 6 2.2* 0.000
At 1 year 6.8 6 1.4* 6.3 6 1.3* 7.5 6 1.4* 0.011

PPG (mmol/L)
Before therapy 14.8 6 5.8 15.1 6 6.9 14.5 6 4.9 0.721
After therapy 7.6 6 3.1* 6.1 6 1.5* 8.8 6 3.4* 0.002
At 1 year 7.7 6 2.7* 6.5 6 1.78* 9.2 6 2.9* 0.001

TG (mmol/L)
Before therapy 2.0 6 1.0 1.7 6 0.5 2.2 6 1.3 0.073
After therapy 1.5 6 0.8* 1.2 6 0.4* 1.7 6 1.0* 0.040
At 1 year 1.6 6 0.7† 1.5 6 0.7‡ 1.6 6 0.8† 0.751

TC (mmol/L)
Before therapy 5.0 6 1.0 4.9 6 1.0 5.1 6 0.9 0.442
After therapy 4.6 6 0.9* 4.5 6 0.9 4.7 6 0.8† 0.601
At 1 year 4.9 6 0.9 4.7 6 0.8‡ 5.2 6 0.9§ 0.047

HDL (mmol/L)
Before therapy 1.2 6 0.3 1.2 6 0.2 1.2 6 0.3 0.578
After therapy 1.3 6 0.3* 1.2 6 0.3† 1.3 6 0.4† 0.515
At 1 year 1.3 6 0.4 1.2 6 0.2 1.4 6 0.5 0.189

LDL (mmol/L)
Before therapy 3.0 6 0.8 3.2 6 0.8 3.0 6 0.8 0.408
After therapy 2.7 6 0.8* 2.8 6 0.7† 2.6 6 0.8* 0.345
At 1 year 2.8 6 0.8* 2.8 6 0.7* 2.9 6 0.9 0.850

FFA (mmol/L)
Before therapy 0.7 6 0.3 0.7 6 0.3 0.7 6 0.2 0.462
After therapy 0.7 6 0.2 0.7 6 0.2 0.6 6 0.2 0.745

A1C (%)
Before therapy 10.0 6 2.2 10.5 6 2.3 9.7 6 2.0 0.184
After therapy 7.9 6 1.5* 8.1 6 1.6* 7.7 6 1.4* 0.357
At 1 year 6.5 6 0.7*§ 6.2 6 0.7*§ 6.8 6 0.6* 0.004

Categorical data are expressed as number and continuous data as means 6 SD. P value for remission vs.
nonremission group. *P, 0.01 vs. before therapy. †P, 0.05 vs. before therapy. ‡P, 0.05 vs. after therapy.
§P , 0.01 vs. after therapy.
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Insulin was measured by a radio-
immunoassay (Diagnostic Products Cor-
poration, Los Angeles, CA), and A1C was
measured by the Variant A1C Assay kit (Bio-
Rad Laboratories, Hercules, CA). Other mea-
surements were conventionally conducted.

Calculations
Acute insulin response of insulin (AIRins)
during IVGTT was used to assess the first
phase of b-cell insulin secretion, which was
calculated as the incremental trapezoidal
area during the first 10 min. HOMA (14)
was used to estimate HOMA-IR: (FPG 3
fasting insulin/22.5); the b-cell function in-
dex: (HOMA-b = 203 fasting insulin/[fast-
ing plasma glucose 2 3.5]; sensitivity:
(HOMA-S = 1/HOMA-IR); and the disposi-
tion index (DI): HOMA-S3 AIRins (15).

Statistical analysis
Statistical analyses were performed with
SPSS 17.0 software (SPSS Inc., Chicago,
IL). All numeric variables with normal
distribution (age, BMI, FPG, PPG, TC, TG,
HDL, LDL, FFA, A1C, and HOMA-IR) were
expressed as the mean 6 SD, whereas vari-
ables with skewed distribution (HOMA-b
and DI) were expressed as the median (in-
terquartile range [IQR]) and were logarithm-
transformed before analyses. Data for AIRins
were logarithm-transformed to achieve a nor-
mal distribution and expressed as themean6
SD. Statistical significance was analyzed by
the Student unpaired or paired t test,
ANOVA or ANCOVA, with age and BMI as
the covariates. The percentages of data were
expressed as mean (95%CI). The hyperbolic
regression curve for HOMA-S and HOMA-b

relationship and the group differences were
analyzed with HOMA-S as the dependent
variable, and HOMA-b and group were an-
alyzed as the independent variables by Stata
10 software (StataCorp, College Station,
TX). A value of P , 0.05 was considered
statistically significant.

RESULTS—The patients achieved target
glycemic goal in 6.4 6 3.4 days in CSII
group, in 7.1 6 3.1 days in MDI group,
and in 11.6 6 5.5 days in the OHA group
(P , 0.05 for CSII/MDI vs. OHA). After
short-term IT, 21 of 48 newly diagnosed
type 2 diabetic patients (44%), comprising
8 CSII, 6 MDI, and 7 OHA subjects, ach-
ieved remission for 1 year, and 27 patients
(8 in CSII, 12 in MDI, and 7 in OHA group)
had relapsed (nonremission). There were no

Figure 1—Changes of HOMA-IR (A), HOMA-b (B), and AIRins (C) during IT and at 1-year follow-up in the remission (●) and nonremission (■)
groups compared with NGT (◆) and IGT (▼) subjects. *P, 0.05 vs. remission group. †P, 0.01 vs. remission group. ‡P, 0.05 vs. NGT. §P,
0.01 vs. NGT. ||P , 0.05 vs. IGT. ¶P , 0.01 vs. IGT. #P , 0.01 vs. before therapy. HOMA-IR values are expressed as means, HOMA-b data
are logarithm-transformed for analysis and expressed as median, and AIRins values are logarithm-transformed for analysis and expressed as means.
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apparent differences in therapeutic effec-
tiveness among the three different therapies
(data not shown), and thus, all subjects with
or without remission were pooled for sub-
sequent analysis.

Clinical characteristics before IT and 2
weeks after IT, and at 1-year follow-up, are
summarized in Table 1. Blood glucose levels
and lipid profiles were similar at baseline
between the remission and nonremission
groups (P . 0.05). The remission group
hadmarkedly lower FPG, PPG, and TG after
IT than the nonremission group (P, 0.01),
whereas no significant differences were

noted in BMI, TC, HDL, LDL, FFA, and
A1C between the two groups at 2 weeks
after IT. At the 1-year follow-up, the remis-
sion group had significantly lower FPG,
PPG, and A1C levels than the nonremission
group (Table 1).

Insulin sensitivity
HOMA-IR was measured before, during,
and after IT (Fig. 1A). Before IT, HOMA-IR
in both remission (3.12 6 1.4) and nonre-
mission (2.70 6 1.7) groups was signifi-
cantly higher than that in IGT (1.96 6
1.1) and NGT (1.37 6 0.6) subjects. After

IT, HOMA-IR in the remission group after
treatment (1.726 0.8) and at 1 year (2.126
1.3) was comparable with that in IGT and
NGT groups (P . 0.05). However, in the
nonremission group, HOMA-IR was re-
duced from 2.70 6 1.7 before IT to
2.34 6 1.4 immediately after IT and to
2.60 6 1.9 at the 1-year follow-up. By
percentage, a great decrease of HOMA-IR
of 38.7% (95% CI 24–54) after therapy
and 31.1% (16–46) at the 1-year follow-
up, compared with before treatment (P ,
0.01), was observed in the remission group.
A small and statistically insignificant

Figure 2—The hyperbolic relationship between HOMA-b and HOMA-S. A: The IGT hyperbola (purple line and circles; regression R2 = 0.910,
P, 0.01) was to the left of NGT (green line and triangles, R2 = 0.945, P, 0.01). B: Before therapy, the remission (blue triangle) and nonremission
(red circles) tracks both apparently shifted left to the IGT and NGT hyperbolas. C: Two weeks after IT , the remission hyperbola (blue line, R2 =
0.868, P, 0.01) shifted to IGT (P. 0.05) but was still left of the NGT hyperbola (P, 0.01), whereas nonremission hyperbola (red line, R2 = 0.711,
P, 0.01) remained to the left of the remission, IGT, and NGT hyperbolas (P, 0.01, respectively).D: Curves at 1 year roughly overlap with those at
2 weeks after intensive therapy for the remission group (P. 0.05, blue dashed line vs. solid line) and the nonremission group (P. 0.05, red dashed
line vs. solid line).
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decrease of 11.9% (–21 to 33) after therapy
and 5.8% (–58 to 34) at the 1-year follow-
up was noted in the nonremission group.

b-Cell function
Before IT, HOMA-b was higher in the re-
mission group than in the nonremission
group (Fig. 1B), although the difference
was not statistically significant. The index
in the remission (18.4 [IQR 8.3–28.5])
and nonremission (9.91 [6.2–17.4]) groups
was significantly lower than that in the IGT
(82.7 [32.1–127.1]) and NGT (86.4 [56.7–
185.2]) subjects (P, 0.01). Compared with
pretherapy, a significant increase of HOMA-b
after therapy and at 1 year was observed
in the remission and nonremission groups
(P , 0.01); IT restored more HOMA-b in
the remission group (44.6 [32.1–69.1] after
therapy; 51.9 [28.8–79.8] at 1 year) than the
nonremission group (26.5 [14.9–43.8] after
therapy; 31.9 [18.8–52.7] at 1 year). Appar-
ently, more restoration of HOMA-b was ob-
served in the remission than that in the
nonremission group, even though there
was no statistical difference in HOMA-b be-
tween the two groups.

The restoration of HOMA-b was mod-
est after IT, at ~24.0% (95% CI 16–32) of
NGT in the remission group and 12.7% (3–
22) in the nonremission group.

Next, we measured AIRins during
IVGTTs.At the baselinemeasurement, AIRins
(mIU/mL) was significantly lower in the re-
mission (1.50 6 0.22) and nonremission
(1.44 6 0.32) groups compared with the
IGT (2.26 6 1.44) and NGT (2.54 6 0.39)
subjects (P, 0.01). IT improved AIRins sig-
nificantly in both groups (Fig. 1C). How-
ever, the restoration of AIRins was very
limited: the average value at the 1-year fol-
low-up was still ~18.4% (95% CI 13–24) of
NGT in the remission group and 9.5% (4–15)
in the nonremission group.

The hyperbolic relationship between
HOMA-b and HOMA-S
Finally, we determined hyperbola, which
describes a nonlinear inverse relationship
between insulin sensitivity and b-cell

function. As expected, the hyperbolas of
IGT subjects were to the left of NGT (P ,
0.01; Fig. 2A). Before IT, the tracks in both
the remission and nonremission groups ob-
viously shifted left to NGT and IGT curves
(Fig. 2B). After IT, the hyperbola in the re-
mission group was restored to the IGT curve
(P. 0.05) but was still to the left of the NGT
curve (P , 0.01). However, the hyperbola
in the nonremission group after therapy re-
mained left of the IGT, NGT, and remission
hyperbolas (P, 0.01, respectively; Fig. 2C).
The curve at 1 year almost overlapped with
the curve right after IT within the remission
or nonremission group (P . 0.05, respec-
tively; Fig. 2D). The DI in the remission
group was significantly higher than that in
the nonremission group after IT and at
1 year (Table 2).

CONCLUSIONS—Type 2 diabetes is a
heterogeneous disease (16) attributed to IR
and b-cell dysfunction (2–4), although their
relative contributions to glucose worsening
depend on the duration of the disease (17).
Indeed, in our newly diagnosed type 2 di-
abetic patients, higher IR and lower b-cell
function than inNGT and IGT subjects were
both observed before IT. In this study, we
aimed to understand the possible beneficial
mechanism of the IT-induced remission by
examining the change of insulin sensitivity
and b-cell function indexes during IT and
comparing these indexes with those of IGT
and NGT subjects, and we determined the
degree of restoration, respectively, after the
therapy.

In our study, IT achieved a remis-
sion rate of ~44% and improved b-cell func-
tion, as measured by HOMA-b and AIRins,
which is in line with previous findings (7–
9). A notable finding of this study is a
marked decrease of HOMA-IR to a level of
NGT after IT and to that of IGT at 1-year
follow-up in the remission subjects, but not
in the nonremission subjects. Improvement
of IR after normoglycemia in long-term
treatment of type 2 diabetes has been re-
ported (18,19). Yki-Järvinen et al. (18) and
Glaser et al. (19) reported that IT in type 2

diabetic patients in whom sulfonylurea
therapy was not successful appears to ach-
ieve remission by lowering IR. However,
only a few of studies examined the effect
of short-term IT on insulin sensitivity in
newly diagnosed type 2 diabetic patients
and the results are not consistent. Li et al.
(8) reported an improvement of HOMA-IR
in remission and nonremission groups after
IT with a continuous insulin infusion. How-
ever, Chen et al. (9) observed no significant
change of HOMA-IR in subjects whose
b-cell function was improved after inten-
sive IT. The reason for the discrepancy is
unclear and probably because of the differ-
ence of patient populations.

In this study, HOMA-IR in the remis-
sion group appeared higher than that in the
nonremission group before IT, but the in-
dex greatly improved to the level of IGT and
NGT subjects right after the therapy and
remained lower at the 1-year follow-up. The
b-cell functional indexes HOMA-b and
AIRins showed that the remission group
preserved more b-cell function before IT.
IT restored more b-cell function in the re-
mission than that in the nonremission sub-
jects. By comparing the indexes in IGT and
NGT subjects, we found that insulin sensi-
tivity was nearly fully restored, but b-cell
function was modestly improved after IT
in the remission subjects. Although the
recovery of b-cell function is under-
standably required for any remission of di-
abetes (8,10), the nearly normal restoration
of insulin sensitivity could be an important
beneficial mechanism for IT-induced remis-
sion because the decrease of IR would allevi-
ate b-cell load. The mechanism by which IT
decreases IR is not well-known, but our find-
ings agree with the report of Pratipanawatr
et al. (20) that normalization of blood glucose
profiles in type 2 diabetic patients can reduce
hyperglycemia-induced IR.

Kahn et al. (21) first described a hyper-
bolic relationship between insulin sensitiv-
ity and HOMA-b in a cohort of 96
nondiabetic subjects, and a left shift indi-
cates inadequate b-cell compensation to
IR. The observations have been supported

Table 2—Changes of DI during IT and at 1-year follow-up in the remission and nonremission groups compared with NGT
and IGT subjects

Diabetes

NGT (n = 12) IGT (n = 28)Remission (n = 21) Nonremission (n = 27)

DI 331.5 (131.6–444.8) 112.1 (69.2–216.2)
Before therapy 11.7 (7.3–15.9)*† 12.4 (9.2–16.2)*†
After therapy 34.6 (31.2–61.2)*†‡ 25.6 (21.5–33.6)*†‡§
At 1 year 41.2 (30.8–80.8)*†‡ 21.3 (18.2–37.3)*†‡§

Data for DI are logarithm-transformed for analysis and expressed as median (IQR). *P, 0.01 vs. NGT. †P, 0.01 vs. IGT. ‡P, 0.01 vs. before therapy, adjusted for
BMI and age. §P , 0.01 vs. remission group.
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by many human studies (22–25). In this
study, we found that the hyperbola and DI
in the remission group were restored to that
in the IGT group and was almost close to
the normal hyperbola in some patients, sug-
gesting that restoration of a nearly normal
glucose–insulin relationship in the remis-
sion group.

In conclusion, we demonstrated that
short-term IT resulted in a greater improve-
ment of IR resistance than b-cell function
and that improvement for IR could be an im-
portant determining factor for the IT-induced
remission in newly diagnosed diabetic
patients.
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