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This research aimed to explore the curative effect of short-term insulin pump in the treatment of type 2 diabetes mellitus (T2DM)
patients with lower extremity arterial disease (LEAD) based on ultrasonography. 422 patients (220 males and 202 females) with
T2DM in the hospital were selected, and they were randomly divided into control group (n = 211, oral hypoglycemic drugs or diet
control, appropriate exercise to lower blood glucose) and experimental group (n = 211, insulin pump was used to reduce blood
glucose). After 2 weeks, the therapeutic effect was evaluated by ultrasonography. The results showed that after two weeks of
treatment, the difference in lumen intima between the two groups was statistically significant (P < 0:05). The intima-media
thickness (IMT) values of the experimental group were 0:83 ± 0:03mm, 0:62 ± 0:03mm, and 0:41 ± 0:04mm, respectively,
which were significantly different from those of the control group (1:62 ± 0:54mm, 1:23 ± 0:14mm, and 0:78 ± 0:11mm)
(P < 0:05). There was obvious difference in low-density lipoprotein cholesterol (LDL-C) level between the experimental group
(2:22 ± 0:46mmol/L) and the control group (3:21 ± 0:62mmol/L) (P < 0:05). The LEAD score of the experimental group was
5:51 ± 1:11, which was significantly different from that of the control group (7:08 ± 2:73) (P < 0:05). There was clear difference
in LEAD score between the two groups under different course of disease (CD) (P < 0:05). Studies indicated that short-term
application of insulin pump therapy could effectively improve the pathological changes of lower limbs in patients with T2DM,
which had clinical application value.

1. Introduction

In recent years, the incidence of diabetes mellitus (DM) has
increased year by year [1]. The blood glucose concentration
in patients with DM is high, and long time in this state will
affect the metabolic function of the body [2]. Especially in
patients with large changes in blood glucose concentration
and poor control, which is often prone to concurrent infec-
tious diseases, the symptoms are generally more serious, and
it is difficult to control [3]. Among the chronic complica-
tions, vascular lesions have the highest prevalence [4]. Dia-
betic microangiopathy mainly includes diabetic retinopathy
and diabetic nephropathy, and cerebral artery, aorta, coro-
nary artery, and limb artery are the more common arteries
in diabetic macroangiopathy [5].

Diabetic lower extremity arterial disease (LEAD) is a
manifestation of diabetic macrovascular complications in
the lower extremities. High blood glucose concentration will
directly affect the intima. In addition to the combined action
of various types of inflammatory cells, it eventually causes
lower extremity atherosclerosis. After vulnerable plaque
detachment, it causes that the blood cannot circulate nor-
mally in the peripheral arteries, or secondary ulcer and
bleeding, resulting in the formation of thrombosis. If the dis-
ease continues to develop, the diameter of the vessel
becomes smaller or even occluded, resulting in reduced or
even no blood supply to the peripheral blood of the limbs,
and blood circulation disorders are caused [6]. The most
typical clinical symptom of LEAD is intermittent claudica-
tion, but because patients with type 2 diabetes mellitus
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(T2DM) are complicated by peripheral neuropathy, they
generally do not experience significant clinical symptoms.
Patients’ leg symptoms are often atypical or even have no
special manifestations, they generally go to the hospital
when gangrene, tissue necrosis, and severe resting pain
occur, and the diseases often have progressed to the stage
of critical limb ischemia when diagnosed [7]. LEAD can
not only lead to gangrene or even amputation but also
increase the risk of cardiovascular events and mortality in
patients [8]. Early diagnosis of LEAD and delaying its
appearance and development are of great value in reducing
the burden on patients and improving patients’ quality of
life.

DSA is currently the gold standard for the diagnosis of
vascular diseases in clinical practice, which can clearly show
where embolism or stenosis occurs in the lower extremity
vessels, as well as the location, shape, and size of abnormal
plaques. However, DSA examination is an invasive examina-
tion, which will have a certain impact on the patient’s body,
such as radiation; in addition, the use of contrast agent will
also have a certain toxicity to the heart and kidney, and its
required cost is high, so it cannot be the preferred method
for clinical examination [9]. CTA is a method that can
quickly and clearly show the vascular structure, the location
of the lesion, the extent of lesion involvement, and the ana-
tomical relationship between the diseased vessel and the sur-
rounding tissues; however, its diagnostic ability will be
affected by calcification; moreover, CTA cannot dynamically
show arterial filling, and is susceptible to artifacts interfer-
ence for small vessel display [10]. MRA is a vascular detec-
tion method emerging with the development of magnetic
resonance imaging technology. Clinically, through the use
of contrast agent, the signals between blood vessels and sur-
rounding tissues will form significant differences, which can
more prominently show vascular lesions. However, MRA
image acquisition is time-consuming and relatively expen-
sive, and if a metal foreign body remains in the patient, the
patient cannot undergo MRA examination [11]. Ultrasonog-
raphy plays an irreplaceable role in the imaging examination
of vascular lesions. It is characterized by noninvasive, short
time-consuming, real-time, inexpensive, and repeatable
comparison and tracking. Numerous studies have shown
that ultrasonography has a high diagnostic efficacy for vary-
ing degrees of stenosis and occlusion of lower extremity
arteries and a high diagnostic value for LEAD [12].

Since the destruction of islet function by poor control of
blood glucose in the early stage can be reversed, if new-onset
T2DM can be enhanced as early as possible, supplemented
by standardized diet and exercise therapy to restore blood
glucose to nearly normal levels, it can maximize the
improvement of injured islet function and even enable some
patients to obtain long-term remission through the improve-
ment of early metabolic memory effect [13]. As an effective
and stable hypoglycemic means, insulin pump therapy
reduces the adverse reactions caused by the increase in the
dosage of oral drugs and enhances the compliance of
patients. It is generally more suitable for patients with
T2DM who have severely elevated blood glucose needed to
be rapidly controlled [14]. If the body is in a hyperglycemic

environment for a long time, the risk of various related com-
plications such as retinopathy, neurological, and renal sys-
tem diseases in the future will be significantly increased
compared with those treated early.

Therefore, patients with T2DM and LEAD were selected
and treated with insulin pump, which was compared with
oral hypoglycemic drugs, and ultrasound images were
applied to assess the patient’s lower limb vascular status after
treatment to explore its short-term therapeutic effect. It pro-
vides reference value for the treatment of T2DM patients
with LEAD in clinical practice to improve the therapeutic
effect.

2. Research Methods

2.1. Research Subjects. A total of 422 diagnosed T2DM
patients with LEAD (220 males and 202 females) in hospital
from June 2017 to June 2020 were selected. The patients
were randomly divided into control group (n = 211): close
monitoring of blood glucose, oral hypoglycemic drugs or
diet control, and appropriate exercise to lower blood glucose;
and experimental group (n = 211): insulin pump was used
for about 2 weeks to reduce blood glucose according to the
treatment methods used in the initial diagnosis of medical
records. In the control group, the mean age was 45:42 ±
4:12 years, the mean course of disease (CD) was 10:11 ±
6:52 years, and the mean BMI level was 24:18 ± 1:34 kg/m2

; in the experimental group, the mean age was 46:25 ± 3:28
years, the mean CD was 11:32 ± 5:39 years, and the mean
BMI level was 24:93 ± 1:19 kg/m2. The study had been
approved by the ethics committee of the hospital. The
patients and their families signed the informed consents.

The diagnosis and classification of patients referred to
the relevant guidelines published by WHO in 1999: all sub-
jects had a minimum fasting time of 10 hours, the elbow
vein was selected for blood sampling, 75 g of glucose was dis-
solved in 300mL of warm boiled water, so that the subjects
took it at one time (within 5 minutes). Blood samples were
taken through the vein 1 hour and 2 hours later, respectively,
and the samples taken twice were determined.

Inclusion criteria: patients with DM symptoms and
blood glucose ≥ 11:1mol/L at any time after meal; FPG ≥
7:0mmol/L patients; patients with 2hPG ≥ 11:1mmol/L in
OGTT trial. Exclusion criteria: T1DM patients; those in
pregnancy or lactation; patients with acute and chronic
infection, traumatic surgery, and other stress events:
patients with acute metabolic disorders; patients suffering
from serious cardiovascular and cerebrovascular diseases;
patients with diseases that are not cured and have an
impact on prognosis: patients with active or inactive
malignant tumors, psychiatric, blood, and skin diseases;
patients who may cause diseases related to abnormal glu-
cose metabolism or need drugs that may cause disorders
of glucose metabolism: patients with thyroid diseases and
immune-related diseases.

2.2. Insulin Pump Therapy. Patients and their families were
given diabetes education, and patients were given appropri-
ate nutritional therapy and assistance in the development of
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individualized DM recipes and reasonable exercise plans.
Before treatment, insulin pump working principle was
informed, and after fasting for ≥10 h, venous blood was
taken by nursing staff for FPG, lipid profile, liver and kidney
function, HbA1c, and HCY detection in the next morning.
After blood collection, the patients in the experimental
group received intensive insulin pump therapy for 2 weeks.
During this period, the blood glucose was measured by a
specially-assigned person before and after three meals,
before bedtime, and at 3 : 00 am daily. When the FPG and
PPG of the patients under 70 years old were close to normal,
it was considered that the blood glucose control was up to
standard; when the FPG of the patients over 70 years old
was 6-8mmol/L, 2 h PG 8-10mmol/L, it was considered that
the blood glucose control was up to standard. Referring to
the results of blood glucose, the bolus and basal rate of insu-
lin pump before three meals were adjusted following the
principles of 30 and 50, so as to keep the blood glucose sta-
ble. During treatment, attention should be paid to commu-
nication with patients, emphasizing the risk of diabetes and
complications to the body, and correcting their bad habits.
Without oral hypoglycemic agents, patients were guided to
conduct reasonable diet and exercise to reduce the body’s
resistance to insulin. Insulin pump was removed after 2
weeks.

2.3. Ultrasonography. Color Doppler ultrasound machine
was used. All subjects were placed in the supine or prone
position with adequate exposure of the lower limbs. The
probe was placed at the root of the thigh, along the course
of the vessel, and the femoral artery, popliteal artery, pos-
terior artery, anterior artery, and dorsalis pedis artery were
scanned. The IMT of the vessel wall, the presence of pla-
ques, the location of plaques, and their echo characteristics
were observed and assessed by two-dimensional ultra-
sound images. The lumen filling condition was observed.
The arterial spectrum was measured by spectral Doppler.
The sampling volume was in the center of vascular cavity
during sampling. The sampling volume was 1-3mm. The
scanning angle was adjusted so that the angle between
acoustic beam and blood flow was ≤60°. Three to five con-
secutive spectra with consistent and clear morphology

were recorded. The arterial analysis software was set in
the instrument to measure the peak systolic velocity
(PSV) and blood flow volume (BFV) of common femoral
artery, popliteal artery, and dorsalis pedis artery. IMT
was measured at the 1.5 cm posterior wall of the proximal
segment of the common femoral artery bifurcation with
reference to previous literature. Normal common femoral
artery IMT < 1:0mm and 1:0mm ≤ IMT < 1:2mm were
considered thickened, and IMT ≥ 1:2mm was plaque for-
mation. The probe was placed at the carmine fossa, and
IMT of the popliteal artery was measured at the posterior
wall of the popliteal artery cross-section. IMT of the dor-
salis pedis artery was measured in the transverse posterior
wall 1 cm distal to the junction with the ankle joint. Each
data was measured three times and averaged. All measure-
ments were performed by the same physician on the same
diagnostic ultrasound instrument.

2.4. Diagnostic Criteria for LEAD. Clinical symptoms: inter-
mittent claudication, resting pain, etc.; physical examination:
palpation of the dorsalis pedis artery, whether the pulse
became weak or cannot be felt; relevant examinations:
ankle-brachial index ðABIÞ ≤ 0:9; toe-brachial index ðTBIÞ
≤ 0:7; lower limb artery color Doppler ultrasound revealed
significant stenosis (single or multiple stenosis ≥ 50%) or
occlusion; lower limb angiography revealed single or multi-
ple severe stenosis (stenosis ≥ 50%) and/or occlusion of the
iliac, femoral, carmine, and tibial and peroneal arteries of
the lower leg. Based on typical symptoms and signs, the
diagnosis can be confirmed if one of the examination items
is positive [15]. The scoring criteria are shown in Table 1.

2.5. Observation Indicators. General conditions: the general
data of all the patients were collected when the patient came
for a follow-up visit, including gender, age, disease course,
systolic pressure (SP), diastolic pressure (DP), and body
mass index (BMI).

Collection of serological samples: patients admitted to
the hospital were fasted for 10 h. About 3-5mL of blood
was collected from the vein the next morning, mixed well,
and placed at room temperature. Observation Indicators
include serum total cholesterol (TC), triglyceride (TG), low

Table 1: LEAD scoring.

Items 0 1 2 3 4

ABI >0.9 0:8 < ABI ≤ 0:9 0:7 < ABI ≤ 0:8 0:6 < ABI ≤ 0:7 ABI ≤ 0:6
Intermittent
claudication: the
maximum distance
walking at the
speed of 70-80m/min

Distance
≥400m 300-399m 200-299m 100-199m

<100m or unable
to walk

Pain No pain
Postexercise

pain
Occasional resting pain

Resting pain at night or
frequent resting pain

Persistent resting
pain

Sense of numbness
No

numbness
Occasional
numbness

Frequent numbness
Frequent numbness and
other abnormal feelings

Persistent
numbness

Whether ischemic
ulcer exists or not

No open
lesions

Superficial
lesions

Wound depth reaching
tendon, ligament, and joint

Deep ulcer, osteomyelitis,
abscess sinus

Toe and/or partial
foot gangrene
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density lipoprotein cholesterol (LDL-C), and high density
lipoprotein cholesterol (HDL-C), fasting plasma glucose
(FPG), liver and kidney function, HbA1c, HCY.

2.6. Statistical Methods. SPSS16.0 was used for data analysis.
Measurement data were expressed as mean ± standard
deviation (�x ± s) after normality test. The comparison of
measurement data between the two groups was performed
by two sample t test. The comparison of count data between
the two groups was carried out by chi-square test. The corre-
lation analysis of measurement data was performed by Pear-
son correlation test. P < 0:05 indicated that the difference
was statistically significant.

3. Results

3.1. Basic Information of Patients in the Two Groups at First
Visit. The average age of the control group was 45:42 ± 4:12
years old, the average course of disease was 10:11 ± 6:52
years, the average BMI level was 24:18 ± 1:34 kg/m2, and
the average HCY was 12:01 ± 2:72 μmol/L. The average age
of the experimental group was 46:25 ± 3:28 years old, the
average course of disease was 11:32 ± 5:39 years, the average
BMI level was 24:93 ± 1:19 kg/m2, and the average HCY was
12:07 ± 2:74 μmol/L. At the first visit, there was no signifi-
cant difference in age, gender, BMI, and other general infor-
mation and indicators between the control group and the
experimental group (P > 0:05). The HbA1c level in the
experimental group was higher at the first visit, which was
9:94 ± 1:74%; the HbA1c level in the control group was
8:02 ± 1:41%, and the difference between the two groups
was statistically significant (P < 0:05). The LEAD scores of
the two groups were compared after calculation. The exper-
imental group had 1:01 ± 0:54 points, and the control group
had 0:97 ± 0:55 points on average. There was no significant
difference between the two groups (P > 0:05) (Table 2 and
Figure 1).

3.2. Analysis of Ultrasonic Examination Results after
Treatment. After two weeks of treatment, in the control
group, 28 patients’ lumen intima was smooth, 52 patients’
lumen intima was not smooth but no plaque, and 131
patients’ lumen intima was not smooth and there was pla-
que. In the experimental group, 69 patients’ lumen intima
was smooth, 101 patients’ lumen intima was not smooth
but no plaque, and 41 patients’ lumen intima was not
smooth and there was plaque. The difference between the
two groups was statistically significant (P < 0:05) (Figure 2).

The comparison results of IMT, PSV, and BFV of the
lower limb arteries in the two groups showed that in the
experimental group, the IMT values of the common femoral
artery, popliteal artery, and dorsalis pedis artery were 0:83

± 0:03mm, 0:62 ± 0:03mm, and 0:41 ± 0:04mm, respec-
tively; the PSV values were 92:33 ± 19:01 cm/s, 61:14 ±
12:77 cm/s, and 42:26 ± 11:28 cm/s, respectively; BFV values
were 290:77 ± 103:58 cm/s, 70:11 ± 36:33 cm/s, and 15:03 ±
8:95 cm/s, respectively; in the control group, the IMT values
of common femoral artery, popliteal artery, and dorsalis
pedis artery were 1:62 ± 0:54mm, 1:23 ± 0:14mm, and
0:78 ± 0:11mm, respectively; the PSV values were 94:96 ±
19:47 cm/s, 62:87 ± 11:03 cm/s, and 44:12 ± 10:63 cm/s,
respectively; the BFV values were 312:46 ± 109:87 cm/s,
77:92 ± 45:28 cm/s, and 14:88 ± 6:29 cm/s, respectively.
Between the two groups, the arterial IMT values of the
experimental group were lower than those of the control
group, and the difference was statistically significant
(P < 0:05). PSV and BFV values were lower than those of
the control group, but the difference was not statistically sig-
nificant (P > 0:05) (Figures 3–5).

3.3. Analysis of Serum Test Results after Treatment. After two
weeks of treatment, the serum test results showed that there
was no significant difference in the levels of TC, TG, and
HDLC between the experimental group and the control group
(P > 0:05). There was an obvious difference in LDL-C level
between the experimental group (2:22 ± 0:46mmol/L) and
the control group (3:21 ± 0:62mmol/L) (P < 0:05). The HCY
level of the experimental group was 15:26 ± 2:64μmol/L; the
HCY level of the control group was (17:83 ± 4:38μmol/L)
(P < 0:05). The LEAD score of lower limb blood vessels in
the experimental group was 5:51 ± 1:11; the LEAD score of
lower limb blood vessels in the control group was 7:08 ±
2:73 (P < 0:05) (Figure 6).

3.4. Analysis of LEAD Score in Patients with Different Course
of Disease. After two weeks of treatment, the results of LEAD
scores of patients with different course of disease (CD)
showed that when 1 < CD ≤ 5 years, the difference in LEAD
scores between the two groups was small, without significant
difference (P > 0:05); when 6 ≤ CD ≤ 10 years; the average
score of patients in the experimental group was 5:39 ± 1:12
points, compared with 7:02 ± 2:73 points in the control
group, the difference was statistically significant (P < 0:05);
when CD > 10 years, the average score of patients in the
experimental group was 6:01 ± 1:03 points, compared with
7:82 ± 2:39 points in the control group, the difference was
statistically significant (P < 0:05) (Figure 7).

4. Discussion

Limb ischemia caused by diabetic LEAD is not only a factor
causing the occurrence of diabetic foot but also an important
cause of recurrent and prolonged diabetic foot ulcers [16].
LEAD in patients with DM has an insidious onset and

Table 2: General information of two groups of patients.

Grouping Male (cases) Female (cases) Age/years old Course of disease/years BMI (kg/m2) SP (mmHg) DP (mmHg)

Control group 113 98 45:42 ± 4:12 10:11 ± 6:52 24:18 ± 1:34 132:11 ± 7:82 84:21 ± 8:31

Experimental group 124 87 46:25 ± 3:28 11:32 ± 5:39 24:93 ± 1:19 127:54 ± 7:33 81:36 ± 8:77
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usually atypical or even asymptomatic clinical symptoms,
which makes DM patients and doctors often ignore the pres-
ence of LEAD, which makes it difficult to correctly diagnose
and evaluate diabetic LEAD [17]. Therefore, it becomes par-
ticularly important for the early screening and assessment of
LEAD in T2DM patients. 422 T2DM patients with LEAD
were selected and evaluated the therapeutic effect by ultra-
sound images after insulin pump therapy. The results

showed that there was no significant difference in age, gen-
der, BMI, and other general data and indicators between
the control group and the experimental group at initial diag-
nosis (P > 0:05); only in the comparison of HbA1c, the level
of the experimental group was 9:94 ± 1:74%, which was sig-
nificantly different from the level of the control group
(8:02 ± 1:41%) (P < 0:05), indicating that the baseline data
of the two groups were comparable.
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Figure 1: Comparison of indicators at the first visit. ∗Compared with the control group, the difference was statistically significant, P < 0:05.
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Figure 2: Comparison of vascular lumen intima of lower extremity. ∗Compared with the control group, P < 0:05.
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After two weeks of treatment, the difference in the inti-
mal condition between the two groups had statistical signif-
icance (P < 0:05); the IMT values of common femoral artery,
popliteal artery, and dorsalis pedis artery in the experimental
group were 0:83 ± 0:03mm, 0:62 ± 0:03mm, and 0:41 ±

0:04mm, respectively; the IMT values of common femoral
artery, popliteal artery, and dorsalis pedis artery in the con-
trol group were 1:62 ± 0:54mm, 1:23 ± 0:14mm, and 0:78
± 0:11mm, respectively; the IMT of artery in the experi-
mental group was lower than that in the control group,
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Figure 3: Comparison of IMT of lower extremity arteries. ∗Compared with the control group, P < 0:05.
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and the difference had statistical significance (P < 0:05);
although the PSV and BFV values were lower in the experi-
mental group than those in the control group, the difference
had no statistical significance (P > 0:05). Studies have shown
that the reasons for no difference in hemodynamic changes
of lower limb arteries may be (1) the endothelial cell func-
tion of lower limb arterial lesions in patients with T2DM is
still intact, so that the hemodynamic changes are not obvi-
ous; (2) the early intima is rough and unsmooth, the
intima-media thickening and plaque formation do not cause

significant stenosis, so the hemodynamics may not change
significantly. Later, the vascular lesions are gradually aggra-
vated, causing significant stenosis, which will lead to hemo-
dynamic abnormalities [18].

Studies indicated that the repair of islet function plays a
regulatory role in HCY metabolism and improves oxidative
stress in patients, thereby improving the long-term progno-
sis of patients [19]. It showed that after two weeks of treat-
ment, HCY level was significantly lower in the
experimental group, indicating that islet function was
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Figure 6: Comparison of serum test results after treatment. ∗Compared with the control group, P < 0:05.
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gradually repairing in patients. T2DM is closely related to
severe glucose and lipid metabolism disorders and insulin
resistance [20]. The LDL-C level in the experimental group
was significantly different from that in the control group,
which may be because insulin pump therapy improved the
early metabolism of the patients. The average LEAD score
of lower limb vessels in the experimental group was 5:51 ±
1:11 points, compared with the average 7:08 ± 2:73 points
in the control group, the difference was statistically signifi-
cant (P < 0:05), which indicated that the LEAD score was
lower, and the blood lipid level control was more ideal in
patients who applied insulin pump to lower blood glucose.
The difference in LEAD scores between the two groups
was not apparent until 6 years ≤ CD. It can be concluded
that in T2DM patients treated with short-term insulin pump
therapy, with the extension of the course of the disease, the
occurrence and progression rates of LEAD were significantly
slower than those in patients who did not use insulin pump
for a short time.

5. Conclusion

After treatment with insulin pump in T2DM patients with
LEAD, through the evaluation of ultrasound images, the
results showed that ultrasound had important clinical value
in the diagnosis of LEAD in patients with T2DM, and it
could help clinicians master the shape of lower limb vessels
and their hemodynamic status by assessing the intima-
media of lower limb arteries and hemodynamic information;
in patients treated with insulin pump, the HCY level was sig-
nificantly reduced, the occurrence and progression rates of
LEAD were significantly slowed down, which could effec-
tively help T2DM patients to improve the LEAD status
and had clinical application value. However, there are some
limitations, the causal relationship between blood lipid levels
and LEAD in T2DM still cannot be judged, and long-term,
large-sample, multiregional prospective studies are needed
to further explore its relationship and possible mechanism.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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