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Abstract. The present study (Chinese Trial Registry 
GTB7027) assessed the effects of short‑term intensive treat-
ment with insulin pump on islet cell function in patients with 
newly diagnosed type 2 diabetes and the possible mechanism. 
A total of 100 patients newly diagnosed with type 2 diabetes 
and hospitalized between January 2016 and December 2017 
were divided into a control and an experimental group (n=50 
in each group). The subjects of the control group were admin-
istered multiple insulin injections for intensive treatment, 
while the experimental group received short‑term intensive 
treatment with an insulin pump. Analysis of blood parameters, 
including lipids and glucose, as well as islet β‑cell function 
were performed. The level of reactive oxygen species (ROS) 
in the peripheral blood mononuclear cells (PBMCs) from 
the patients was also measured. Oxidative stress indicators, 
including serum malondialdehyde (MDA) and superoxide 
dismutase (SOD), were also examined to explore the possible 
mechanism. The mRNA expression of heme oxygenase 1 
(HO‑1) and nuclear factor erythroid 2‑related factor 2 (Nrf2) 
in PBMCs were analyzed by reverse transcription‑quantitative 
PCR. The results indicated that the blood lipid levels were 
significantly improved in the two groups at two weeks, while 
the experimental group had significantly lower levels of total 
cholesterol and triglyceride, as well as low‑ and high‑density 
lipoprotein cholesterol. The function of islet β‑cells was 
significantly improved in the two groups. The insulin secre-
tion index [homeostasis model assessment (HOMA) of β‑cell 
function] in the experimental group was higher, while the 
insulin resistance (IR) index (HOMA of IR) was significantly 
lower than that in the control group. The serum MDA level 

in the experimental group was significantly lower and the 
SOD level was significantly higher compared with that in 
the control group. Following treatment, the level of ROS in 
diabetic PBMCs was significantly reduced, and the transcrip-
tion level of HO‑1 and Nrf2 were also significantly reduced 
(P<0.05). These results demonstrated that short‑term intensive 
treatment with an insulin pump significantly improved lipid 
and blood glucose metabolism to protect islet function as well 
as significantly reducing the level of oxidative stress in patients 
with newly diagnosed type 2 diabetes.

Introduction

Type 2 diabetes is an endocrine and metabolic disease character-
ized by a disturbance of the blood glucose and lipid metabolism. 
The cause of this disease is pancreatic β‑cell dysfunction and 
insulin resistance (1,2). Patients with newly diagnosed type 2 
diabetes have impaired insulin secretion and insulin resistance. 
The lack of insulin secretion is mainly due to the inhibition 
of islet function caused by hyperglycemia (3). Hyperglycemia 
induces and exacerbates pancreatic β‑cell damage and insulin 
resistance. Impaired secretion of β‑cells in pancreatic islets 
results in oxidative stress and subsequent apoptosis. Under 
high‑glucose conditions, the oxidative stress in pancreatic β‑cells 
increases when a series of cytokines and reactive oxygen species 
(ROS) are released, triggering the activation of death signaling 
pathways in islet cells (4). However, early islet β‑cell dysfunction 
is partially reversible and early intensive treatment may control 
blood glucose levels to protect islet β‑cells to achieve the goal of 
improving the prognosis of patients with type 2 diabetes (5,6). 
Programs for intensive treatment commonly include the use of 
insulin pumps for continuous subcutaneous infusion of insulin 
and short‑acting pre‑prandial insulin may be added as subcuta-
neous intermediate‑acting or long‑term insulin as an injection 
prior to bedtime.

Insulin pump therapy [continuous subcutaneous insulin 
infusion (CSII)] activates the physiological secretion pattern of 
insulin in patients with newly detected type 2 diabetes, while 
not affecting oral hypoglycemic agents, and which may rapidly 
and efficiently regulate blood glucose to the anticipated level 
in order to relieve high glycotoxicity and enhance the islet 
function of islet β‑cells.

The present study examined and compared the effect of two 
different short‑term intensive treatment schedules of insulin 
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pump and numerous subcutaneous insulin injections on blood 
lipids, blood glucose and islet β‑cell secretion in patients with 
newly diagnosed type 2 diabetes mellitus, and explored the 
possible mechanisms.

Materials and methods

General data. A total of 100 patients with newly diagnosed 
type 2 diabetes mellitus hospitalized at Daqing Oilfield 
General Hospital (Daqing, China) between January 2016 to 
December 2017 were selected for the present study. Patients 
who met the diagnostic criteria for diabetes of the World 
Health Organization from 1999 (7), fasting plasma glucose 
>11.1 mmol/l and/or glycosylated hemoglobin (HbA1c) ≥9.0%, 
never received any oral hypoglycemics, lipid‑regulating drugs 
or insulin treatment, glutamic acid decarboxylase antibody, 
were negative for islet cell antibody and urinary protein, had 
no acute complications and no diabetic retinopathy on fundus 
examination were included in the present study. The exclusion 
criteria were as follows: Severe heart, liver or renal insuf-
ficiency or severe systemic complications, accompanied by 
endocrine or immune system diseases. Patients were divided 
into a control group and an experimental group according to the 
random number table method, with 50 patients in each group. 
In the control group, there were 28 males and 22 females aged 
between 40 to 57, with an average age of 48.31±7.83 years and 
a mean body mass index (BMI) of 27.20±2.67 kg/m2; while the 
experimental group comprised 27 males and 23 females aged 
between 39 to 58 with an average age of 48.53±8.63 years and 
the average BMI was 27.31±2.95 kg/m2. There was no statisti-
cally significant difference between the two groups in terms 
of age, sex and other general data, indicating comparability 
between the two groups.

Methods. Patients in the control group were administered 
a subcutaneous injection of insulin 15 min prior to meals 
and insulin was given subcutaneously prior to bedtime. The 
specific dosage was calculated according to the patients' 
BMI. The daily starting dose was 0.4‑0.6 IU/kg, based on 
blood glucose levels. The dosage was adjusted according to 
the monitoring results, with continuous treatment for 2 weeks. 
The patients in the study group were treated with a Misting 
MTI‑PII insulin pump (Milestone). The pumps were located 
on the subcutaneous tissue of both sides of the umbilicus, and 
insulin aspart was used. The specific dosage was calculated 
according to the patients' BMI and the daily starting dose was 
0.4‑0.6 IU/kg. Of the daily insulin dose, 50% was administered 
by continuous subcutaneous injection, whilst the remaining 
insulin was divided into three equal portions pumped prior 
to meals with the dose adjusted according to blood glucose 
monitoring results, with continuous treatment for two weeks. 
The calculation of the total amount of insulin, the amount of 
basal and the amount of pre‑loading insulin prior to meals was 
calculated for each patient.

Observational indicators. The patients' fasting venous blood 
was collected in the morning and the associated indicators 
were examined and compared prior to‑ and following 2 weeks 
of treatment. The blood lipid indicators of total cholesterol 
(TC), triglycerides (TG), low‑density lipoprotein‑cholesterol 

(LDL‑C) and high‑density lipoprotein‑cholesterol (HDL‑C) 
were measured with an automatic blood biochemical analyzer 
(SMT‑100; Perlong Medical Equipment Co., Ltd.). The general 
blood glucose parameters, including fasting plasma glucose 
(FPG), 2‑h post‑prandial blood glucose (2 h PG, HbA1c level, 
fasting C‑peptide (CP) and post‑prandial 2 h C‑peptides (2hC‑P) 
were detected. The insulin function index [homeostasis model 
assessment of insulin resistance (HOMA‑IR)] and insulin 
secretion index [HOMA of β‑cell function (HOMA‑β)] of islet 
cell function were calculated by using the following formula: 
HOMA‑IR=FPGxFast Insulin/22.5, HOMA‑β=20xFast 
Insulin/(FPG‑3.5). Oxidative stress markers, including malo-
ndialdehyde (MDA) and superoxide dismutase (SOD) levels, 
were detected by ELISA (cat. no. ab188392; Abcam).

Isolation of peripheral blood mononuclear cells (PBMCs). 
Venous blood (12 ml) was collected from the patients early 
in the morning. PBMCs were isolated by density gradient 
centrifugation in a Ficoll lymphocyte separation solution 
within 2 h as follows: Anti‑coagulation agent was mixed with 
an equal volume of PBS, and an equal volume of lymphocyte 
separation solution was slowly added, followed by horizontal 
centrifugation at 12,000 x g for 25 min at 37˚C. The cells in 
the buffy coat were aspirated and washed twice with PBS, and 
the PBMCs were isolated.

Dichloro‑dihydro‑fluorescein diacetate (DCFH‑DA) assay. 
The ROS levels in PBMCs were detected by using a Reactive 
Oxygen Species ROS Detection Kit (Cell Biolabs, Inc.). The 
experimental procedure was according to the manufacturer's 
protocol. The mean fluorescence intensity (MFI) of samples 
was measured using a flow cytometer with an excitation wave-
length of 488 nm and an emission wavelength of 525 nm.

Detection of the mRNA level of heme oxygenase 1 (HO‑1) 
and Nrf2 nuclear factor erythroid 2‑related factor 2 (Nrf2). 
The total RNA of PBMCs was extracted by using TRIzol 
and the transcription levels of HO‑1 and Nrf2 were detected 
by reverse transcription (RT)‑quantitative PCR. The specific 
primers were as follows: HO‑1 forward, 5'‑ATG​GCC​TCC​
CTG​TAC​CAC​ATc‑3' and reverse, 5'‑TGT​TGC​GCT​CAA​
TCT​CCT​CCT‑3'; Nrf2 forward, 5'‑TGA​GGT​TTC​TTC​GGC​
TAC​GTT‑3' and reverse, 5'‑CTT​CTG​TCA​GTT​TGG​CTT​
CTG​G‑3'; GAPDH forward, 5'‑ACC​AGC​CTC​AAG​ATC​ATC​
AGC‑3' and reverse, 5'‑TGC​TAA​GCA​GTT​GGT​GGT​GC‑3'. 
GAPDH was used as an internal reference. The complemen-
tary DNA was synthesized using the PrimeScript RT reagent 
kit (RR037A; Takara Bio, Inc.) according to the manufac-
turer's protocol. qPCR was was performed using SYBRGreen 
(Thermo Fisher Scientific, Inc.) and the Roche Light Cycler 
480 II (Roche Diagnostics Ltd.). The PCR conditions were as 
follows: Denaturation at 95˚C for 5 min, followed by 40 cycles 
of 95˚C for 30 sec, 58˚C for 30 sec and 72˚C for 30 sec. The 
quantification cycle (Cq) value was obtained from the PCR 
amplification curve and relative quantification was performed 
using the 2‑∆∆Cq method (8).

Statistical methods. SPSS 17.0 statistical software (SPSS, 
Inc.) was used for statistical analysis of the data. The count 
data are presented as frequencies and percentages, while 
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measurement data with a normal distribution are presented 
as the mean ± standard deviation analyzed by Shapiro‑Wilk 
test. One‑way analysis of variance with Tukey's post‑hoc test 
was performed to analyze differences among multiple groups. 
P<0.05 was considered to indicate statistical significance.

Results

Short‑term intensive insulin pump therapy improves blood 
lipid levels. As blood lipid levels, serum TC, TG, LDL‑C 
and HDL‑C level were measured in the two groups. Prior to 
insulin treatment, the blood lipid levels of TC, TG, LDL‑C and 

HDL‑C were similar between the two groups, with no statisti-
cally significant difference (Fig. 1). The blood lipid levels of 
all of the patients after intensive treatment were significantly 
improved. The levels of TC, TG, and LDL‑C was significantly 
lowered in the experimental group compared with those in the 
control group (Fig. 1A‑C), and the level of HDL‑C was higher 
than that in the control group (Fig. 1D).

Short‑term intensive insulin pump therapy improves glycemic 
index in patients. In order to detect blood glucose levels in 
the two groups, FPG, 2hPG, C‑P, 2hC‑P and HbA1c were 
measured. Prior to treatment, the serum FPG, 2hPG, CP, 

Figure 1. Short‑term intensive insulin pump therapy improved blood lipid levels in patients with newly diagnosed type 2 diabetes. (A) Serum TC levels, (B) serum 
TG levels, (C) serum LDL‑C levels and (D) serum HDL‑C levels were determined pre‑ and pro‑therapy. *P<0.05 vs. pre‑therapy; #P<0.05 vs. pro‑therapy in 
control group. TC, total cholesterol; TG, triglycerides; LDL‑C, low‑density lipoprotein‑cholesterol; HDL‑C, high‑density lipoprotein‑cholesterol.

Figure 2. Short‑term intensive insulin pump therapy significantly improved blood glucose levels in newly diagnosed type 2 diabetics. (A) serum FPG levels, 
(B) serum 2‑h PG level, (C) serum CP level, (D) serum 2‑h C‑P level and (E) serum HbA1c level pre‑ or pro‑therapy. *P<0.05 vs. pre‑therapy; #P<0.05 vs. 
pro‑therapy in control group. FPG, fasting plasma glucose; PG, post‑prandial blood glucose; C‑P, C‑peptides; HbA1c, glycated hemoglobin.
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2hC‑P and HbA1c levels were similar between the two groups 
with no statistically significant difference (Fig. 2). Of note, 
the blood glucose levels in the two groups were significantly 
improved after intensive treatment compared with pre‑therapy. 
The levels of FPG, 2hPG and HbA1c in the experimental group 
were lower compared with the control group (Fig. 2A, B and E), 
while the levels of CP and 2hC‑P were higher compared with 
the pre‑therapy group (Fig.  2C and  D). Furthermore, the 
results of pro‑therapy between control group and experimental 
groups was of remarkable significance.

Short‑term intensive insulin pump therapy improves the 
function of islet β‑cells. To detect the function of islet β‑cells 
in the two groups, the HOMA‑β and HOMA‑IR indices were 
determined. Prior to treatment, there was no significant differ-
ence between the two groups regarding their HOMA‑β and 
HOMA‑IR. After intensive treatment, the function of the 
islet β‑cells was significantly improved in each group and the 
HOMA‑β in the experimental group was significantly higher 
than that in the control group, while the HOMA‑IR was lower 
than that in the control group (Table I).

Short‑term intensive insulin pump therapy improves oxidative 
stress. In order to detect redox indicators, the serum MDA and 
SOD levels were determined in the two groups. Prior to treat-
ment, serum MDA and SOD levels were similar between the 
two groups and no significant differences were observed. After 
intensive treatment, the redox parameters of the two groups 
were significantly improved and the serum MDA levels in 
the experimental group were significantly lower than those of 
the control group. The serum SOD levels in the experimental 
group were significantly higher than those in the control 
group, as presented in Fig. 3A and B. Moreover, the results of 
pro‑therapy between control group and experimental groups 
was of remarkable significance.

Short‑term intensive insulin pump therapy decreases the level 
of ROS in PBMCs. To detect the ROS levels, the DCFH‑DA 
assay was performed using the isolated PBMCs. Prior to treat-
ment, the ROS levels in PBMCs were similar between the two 
groups, and there was no significant difference. After intensive 
treatment, the ROS levels in the two groups were significantly 
decreased and the ROS levels in the experimental group were 
significantly lower than those in the control group (Fig. 4). The 
expression level of MFI pro‑therapy in experimental group 
was significantly lower than that in control group

Short‑term intensive insulin pump therapy decreases the 
mRNA levels of HO‑1. There was no significant difference in 
the mRNA levels of HO‑1 between the two groups prior to 
treatment; however, after intensive treatment, the transcription 
levels of HO‑1 were significantly decreased in each group, and 
HO‑1 was significantly decreased in the experimental group 
compared with that in the control group (Fig. 5). Compared 
with control group, the expression of HO‑1 pro‑therapy in 
experiment group was significantly decreased.

Short‑term intensive insulin pump therapy decreases the 
mRNA levels of Nrf2. The expression of HO‑1 is regulated by 
the upstream transcription factor Nrf2, so the transcriptional 

level of Nrf2 was also detected in the present study. Prior to 
treatment, the transcription levels of PBMCs were similar 
between the two groups, without exhibiting any statistically 
significant difference. After intensive treatment, the mRNA 
levels of Nrf2 in the two groups were significantly decreased. 
Furthermore, the mRNA levels of Nrf2 in the experimental 
group were significantly reduced when compared with those in 
the control group (Fig. 6). The expression of Nrf2 pro‑therapy 
in experimental group was significantly downregulated in 
comparison with control group.

Discussion

Type 2 diabetes is a slowly progressing systemic disease with 
an unclear cause. It is generally thought that defects in insulin 
resistance and secretion have an important role in the develop-
ment of type 2 diabetes. Insulin secretion defects are associated 
with islet β‑cell dysfunction (9). Numerous factors may lead to 
a decrease in islet β‑cell function, of which hyperglycemia is 
the most important and persistent cause (10). Elevated blood 
glucose may reduce the expression of insulin‑associated genes, 
promote apoptosis of islet β‑cells that may lead to a decrease in 
insulin secretion and increase blood glucose, thereby forming 
a vicious circle and ultimately leading to the loss of islet β‑cell 
function (11). Studies have indicated that certain toxic effects of 
hyperglycemia on islet β‑cells are reversible after maintaining 
short‑term normal glucose levels (12‑14). Therefore, only strict 
control of blood glucose is able to prevent the toxic effects of 
hyperglycemia on the function of islet β‑cells. Short‑term inten-
sive usage of insulin may rapidly control blood glucose levels to 
reach the normal range. If insulin is supplemented in an approxi-
mate physiological manner, the occurrence of hyperinsulinemia 
may also be avoided, which may, in turn, alter the clinical course 
of diabetes. At the same time, lipo‑toxicity caused by abnormal 
blood lipids also enhances the decline in the function of islet 
β‑cells and exacerbates deficiencies in insulin action. TG may 
impair pro‑proinsulin biosynthesis and damage the oxidation 
process of glucose in the islets, as well as increasing islet β‑cell 
apoptosis (15). Insulin sensitivity decreased with increasing 
amounts of TG in the muscle.

Table  I. Short‑term intensive insulin pump therapy signifi-
cantly improves the function of islet β‑cells in newly diagnosed 
type 2 diabetics.

Group/time‑point	 HOMA‑β 	 HOMA‑IR

Control (n=50)		
  Pre‑therapy	 14.73 (6.53‑22.67) 	 3.45 (1.87‑6.03)
  Pro‑therapy	 46.53 (30.79‑62.43)a 	 2.34 (1.09‑3.55)a

Experimental		
group (n=50)
  Pre‑therapy	 14.85 (6.81‑23.07) 	 3.48 (1.92‑5.86)
  Pro‑therapy	 57.57 (32.57‑82.63)a,b 	 1.36 (0.71‑2.15)a,b

HOMA‑β, homeostasis model assessment of β‑cell function; 
HOMA‑IR, homeostasis model assessment of insulin resistance. 
aP<0.05 vs. pre‑therapy; bP<0.05 vs. pro‑therapy in control group.
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The insulin pump mimics the pulsatile release of insulin 
during sustained basal secretion and feeding, making insulin 
release more physiologically compatible. The present study 
indicated that the short‑term intensive treatment of newly 
diagnosed type 2 diabetes using insulin pump rapidly and 
efficiently controlled the blood glucose levels, improved blood 
lipids and increased insulin sensitivity and islet β‑cell function.

Oxidative stress is a persistent imbalance between free 
radical production and oxidative defense, which results in 
tissue damage when the body suffers from various harmful 
stimuli. Numerous studies have indicated that the gradual 
decline of islet β‑cell function in type 2 diabetic patients is 
linked to oxidative stress caused by various factors, including 

high glucose and high fat (16,17). Among them, MDA is the 
final breakdown product of lipid peroxidation, which reflects 
the lipid peroxidation rate or intensity of tissue cells (18). The 
concentration of MDA reflects the extent of lipid peroxidation 
and cell damage. In the present study, the serum level of MDA 
was significantly decreased in patients with newly diagnosed 
type 2 diabetes after short‑term intensive treatment, while the 
level of SOD was significantly increased. On the other hand, 
increased ROS is also an important factor of oxidative stress. 
In the present study, CSII significantly reduced ROS levels in 
PBMCs from patients newly diagnosed with type 2 diabetes, 
which was consistent with the study by Zhao  et  al  (19). 
However, the underlying molecular mechanisms remains to be 
fully elucidated.

The anti‑oxidant system also has important roles in the 
development of diabetes and its complications  (20). HOs 
constitute one of the important anti‑oxidant systems in the 
body. HO‑1 reduces the sensitivity of tissue and oxidative 
stress to reduce cell damage and apoptosis. Nrf2 is a leucine 
zipper protein of the ‘CNC’ family that binds to the DNA 
sequence of the anti‑oxidation response element in the nucleus 
that regulates the expression of a series of downstream phase II 
detoxification enzymes and anti‑oxidant genes, including 
HO‑1. In the absence of any stimulation, Nrf2 binds to the 
cytosolic chaperone protein Keap1 to depress its function, 
which is resolved upon its release into the cytoplasm. Under 
oxidative stress conditions, Nrf2 is separated from Keap1 
and translocates into the nucleus, where it binds to nuclear 

Figure 3. Serum MDA and SOD levels as redox indicators. (A) Serum MDA levels and (B) serum SOD levels pre‑ or pro‑therapy. *P<0.05 vs. pre‑therapy; 
#P<0.05 vs. pro‑therapy in control group. MDA, malondialdehyde; SOD superoxide dismutase.

Figure 4. Serum ROS levels pre‑ and pro‑therapy. Short‑term insulin pump 
intensive treatment significantly decreased the ROS levels in patients with 
newly diagnosed type 2 diabetes. *P<0.05 vs. pre‑therapy; #P<0.05 vs. 
pro‑therapy in control group. ROS, reactive oxygen species; MFI, mean 
fluorescence intensity.

Figure 5. Transcription levels of HO‑1 in peripheral blood mononuclear cells 
isolated from patients with newly diagnosed type 2 diabetes. mRNA levels of 
HO‑1 pre‑ or pro‑therapy were determined using reverse transcription‑quan-
titative PCR. *P<0.05 vs. pre‑therapy; #P<0.05 vs. pro‑therapy in control 
group. HO‑1, heme oxygenase 1.

Figure 6. mRNA expression of Nrf2 in peripheral blood mononuclear cells 
isolated from patients with newly diagnosed type 2 diabetes. The mRNA 
levels of Nrf2 pre‑ or pro‑therapy were determined using reverse transcrip-
tion‑quantitative PCR. *P<0.05 vs. pre‑therapy; #P<0.05 vs. pro‑therapy in 
control group. Nrf2, nuclear factor erythroid 2‑related factor 2.
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anti‑oxidant response elements and initiates the expression of 
a series of phase II detoxification enzymes and anti‑oxidant 
genes, including HO‑1 (21). The present study indicated that 
the transcriptional level of HO‑1 and its transcriptional regula-
tory protein Nrf2 decreased with the intensive treatment of 
short‑term insulin pumping in patients newly diagnosed with 
diabetes, and their transcription level was positively paralleled 
with direct or indirect indicators reflecting the body's oxidative 
stress, which in turn maintained a balance of oxidation and 
anti‑oxidant levels in the body. In particular, after a short‑term 
insulin pump treatment, the redox index in diabetic patients 
was significantly improved.

Of note, the present study had certain limitations. Only 
the short‑term benefits of intensive insulin treatment were 
assessed without long‑term observations. Furthermore, the 
study was performed at one institution and was limited due to 
the small sample.

In conclusion, short‑term intensive treatment with an 
insulin pump significantly improves blood lipids and glucose 
levels in patients with newly diagnosed type 2 diabetes. The 
function of islet β‑cells was partially restored with involve-
ment of the oxidative stress mechanism. Compared with the 
traditional intensive treatment with insulin injections, the 
effect of short‑term intensive therapy with insulin pump is 
more effective and useful for clinical application.
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