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Abstract: Objective To observe the effect of short-term continuous subcutaneous insulin infusion (CSll)combined with
metformin and semaglutide in the remission of type 2 diabetes mellitus (T2DM), glycolipid metabolism, islet § cell function, and
weight. Methods A total of 42 T2DM patients from the Department of Endocrinology at Geriatric Hospital of Nanjing Medical
University were enrolled from September 2022 to December 2023. These patients were given 7-day CSll for intensive therapy
during hospitalization, then combined with metformin and semaglutide, and were followed up for 48 weeks. The rate of diabetes
remission was calculated. Changes of glycolipid metabolism indicators, islet B cell function, and body mass were compared
between remission group and non-remission group. Results After short-term treatment with CSIl combined with metformin
and semaglutide, the remission rate of T2DM was 54.76% at the 48th of follow-up. Compared with non-remission group,
remission group showed more significant improvements in fasting blood glucose, glycated hemoglobin (HbA1C), and glycated
albumin at the 12th, 24th, and 36th weeks of follow- up (P<0.05), and the Disposal Index significantly increased at the 12th
week (P<0.05). During the follow-up period, body mass and waist circumference decreased significantly (£<0.05), and high
density lipoprotein cholesterol increased significantly (£<0.05). Univariate logistic regression analysis revealed that baseline 2-
hour postprandial blood glucose (OR=1.204, 95% C/ 1.003- 1.446) and medication duration (OR=0.386, 95% C/ 0.229- 0.650)
were influencing factors for remission of T2DM (P<0.05). Conclusion Short - term CSIl combined with metformin and
semaglutide can achieve higher rate of T2DM remission. Combination therapy can correct glycolipid metabolism dysfunction,
improve islet § cell function and reduce body weight.

Keywords: Insulin intensive therapy; Type 2 diabetes mellitus; Diabetes remission; Metformin; Semaglutide; Continuous
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Studies have confirmed that hyperglycemia can be
reversed in some patients with type 2 diabetes mellitus
(T2DM) after intervention, thereby achieving diabetes
remission [1]. Continuous subcutaneous insulin infusion
(CSII) has been recommended as the preferred regimen for
diabetes reversal therapy [2]. The SUSTAIN series of
studies found that glycated hemoglobin (HbAlc) was
significantly reduced after semaglutide treatment, and
some patients achieved normalization of blood glucose [3],
suggesting its potential to induce diabetes remission. This
study observed changes in diabetes remission, glycolipid
metabolism, and body weight in patients with T2DM after
short-term  CSII combined with metformin and
semaglutide, aiming to provide a new clinical strategy for
diabetes remission therapy.

1. Subjects and Methods
1.1 Study Subjects

Forty-two patients with T2DM hospitalized in the
Department of Endocrinology, Geriatric Hospital
Affiliated to Nanjing Medical University, from September
2022 to December 2023 were selected as study subjects.

Inclusion criteria: (1) Age >18 years. (2) HbAlc
>7.5%. (3) Duration of diabetes <5 years. (4) No glucose-
lowering medication or metformin only. (5) Body mass
index (BMI) >18.5 kg/m?.

Exclusion criteria: (1) Type 1 diabetes mellitus,
latent autoimmune diabetes in adults, or secondary
diabetes mellitus. (2) Acute diabetic complications or
severe chronic complications. (3) Any type of anemia
affecting HbA 1c levels. (4) Fasting C-peptide <1.2 ng/mL.
(5) Severe cardiac, hepatic, or renal disease. (6)
Uncontrolled severe infectious disease. (7) Use of drugs
affecting blood glucose, such as glucocorticoids or
antipsychotics. (8) Cognitive impairment or inability to
cooperate with the study and follow-up. (9) Malignant
tumors or other diseases with expected survival <5 years.

This study was approved by the Ethics Committee of
Geriatric Hospital Affiliated to Nanjing Medical
University (approval No. 2022-019-3), and all participants
signed informed consent.

1.2 Study Methods

General information, including age, duration of
diabetes, height, and body weight, was collected, and BMI
was calculated. All enrolled patients received lifestyle
guidance, including individualized dietary and exercise
recommendations. After admission, patients received
short-term intensive treatment with CSII via an insulin
pump for 7 days. After contraindications were excluded,
patients received oral metformin hydrochloride tablets
(Sino-American  Shanghai Squibb Pharmaceuticals,
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approval No. H20023370; 0.5 g per dose, 2-3 times daily)
combined with subcutaneous semaglutide injection (Novo
Nordisk, Denmark; approval Nos. SJ20210014, 1.34
mg/mL, 1.5 mL; SJ20210015, 1.34 mg/mL, 3 mL). The
initial dose of semaglutide was 0.25 mg once weekly,
adjusted to 0.5 mg once weekly after 4 weeks, with a
maximum dose of 1.0 mg once weekly.

After discharge, patients monitored blood glucose at
home. A telephone follow-up was conducted at week 2 to
assess regimen adherence and adverse drug reactions.
Patients with severe intolerable gastrointestinal reactions
were excluded from efficacy analysis. Thereafter,
telephone follow-up was performed monthly to collect
fasting blood glucose (FBG) and 2-hour postprandial blood
glucose (2ZhPBQG), and dietary and exercise guidance was
reinforced. Patients returned to the outpatient clinic every
12 weeks after discharge for oral glucose tolerance test
(OGTT), blood biochemistry, and lipid testing. Waist
circumference, BMI, HbAlc, total cholesterol,
triglycerides, low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (GGT), estimated
glomerular filtration rate (eGFR), and disposition index
(DI) were recorded. Patients who met the criteria for
medication withdrawal discontinued medication and were
observed. They were instructed to continue lifestyle
intervention and were reassessed in the outpatient clinic 12
weeks later to determine whether remission criteria had
been met. Patients whose FBG exceeded the
hyperglycemia threshold were required to return to the
hospital for treatment. Follow-up ended after 48 weeks.
The criteria for medication withdrawal were FBG <6.0
mmol/L and 2hPBG <8.0 mmol/L. Diabetes remission was
defined as HbAlc <6.5% after withdrawal of glucose-
lowering medication for at least 3 months, or FBG <7.0
mmol/L as an alternative criterion [4]. Patients who met
remission criteria after medication withdrawal were
assigned to the remission group. Patients who did not
discontinue medication within 48 weeks or did not meet
remission criteria after discontinuation were assigned to
the non-remission group. Changes in glycolipid
metabolism, pancreatic B-cell function (DI), waist
circumference, BMI, and body weight were compared
between the two groups.

1.3 Statistical Analysis

SPSS 27.0 was used for statistical analysis. Normally
distributed continuous variables are expressed as x=+s, and
within-group comparisons were performed using the t test.
Comparisons across multiple time points were performed
using repeated-measures analysis of variance, with LSD-¢
test for pairwise comparisons. Non-normally distributed
continuous variables are expressed as M (Qi, 03).
Between-group comparisons were performed using the
rank-sum test. Repeated-measures data were analyzed
using the Brunner nonparametric model for group effects,

time effects, and group-by-time interaction effects. If an
effect was significant, Bonferroni-corrected paired
Wilcoxon signed-rank tests were used for pairwise
comparisons. Categorical data are expressed as cases (%).
Between-group comparisons were performed using the y?
test. Within-group comparisons across multiple time
points were performed using Cochran’s Q test, and
pairwise comparisons were performed using the McNemar
test with Bonferroni correction. Univariate logistic
regression analysis was used to identify factors associated
with diabetes remission. P<0.05 was considered
statistically significant.

2. Results

2.1 Baseline Characteristics

According to follow-up outcomes, 23 patients were
included in the remission group and 19 in the non-
remission group, with a remission rate of 54.76%. Baseline
2hPBG and BMI were significantly higher in the remission
group than in the non-remission group (P<0.05). No
significant differences were observed in other baseline
characteristics (P>0.05). See Table 1.

2.2 Comparison of Glucose Metabolism

FBG, HbAlc, and glycated albumin showed
significant time effects in both groups (P<0.05), and FBG
showed a significant interaction effect (P<0.05). During
follow-up, glucose metabolism indicators improved
significantly from baseline in both groups (P<0.05). At
weeks 12, 24, and 36, glucose metabolism indicators in the
remission group were significantly better than those in the
non-remission group at the same time points (P<0.05). See
Table 2.

2.3 Comparison of Body Weight and Waist

Circumference

Changes in body weight and waist circumference
showed significant group and interaction effects (P<0.05).
During follow-up, reductions in body weight and waist
circumference were more pronounced in the remission
group than in the non-remission group (P<0.05). BMI
change showed a significant time effect in both groups
(P<0.05). BMI decreased more significantly in the
remission group than in the non-remission group at weeks
12 and 48 (P<0.05). See Table 3.

2.4 Comparison of Lipid Indicators

Total cholesterol change showed a significant time
effect (P<0.05). Total cholesterol decreased more
significantly in the remission group than in the non-
remission group at weeks 12 and 36 (P<0.05). HDL-C
change showed significant group, time, and interaction
effects (P<0.05). During follow-up, HDL-C increased
significantly more in the remission group than in the non-
remission group (P<0.05). See Table 4.
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2.5 Comparison of Pancreatic f-Cell Function

DI showed significant time and interaction effects in
both groups (P<0.05). During follow-up, DI increased
significantly from baseline in both groups (P<0.05), and
DI at week 12 was significantly higher in the remission
group than in the non-remission group at the same time
point (P<0.05). See Table 5.

Table 1. Baseline characteristics between

2.6 Factors Associated with T2DM Remission

Indicators with statistically significant differences at
baseline between the remission and non-remission groups,
including BMI and 2hPBG, together with medication
duration, were further included in univariate logistic
regression analysis. The results showed that medication
duration and baseline 2hPBG were factors associated with
T2DM remission (P<0.05).

remission group and non-remission group

Clinical characteristic Remission group (n=23) Non-remission group (n=19) t/y*/Z value P value
Age, years 52.52+12.00 57.00+12.44 1.401 0.244
Sex, male/female 12/11 9/10 0.096 0.757
Duration of diabetes, months 3.00 (0.33, 24.00) 3.00 (1.00, 36.00) 0.482 0.630
History of metformin use, n (%) 8 (34.78) 8 (42.11) 0.237 0.627
Body weight, kg 77.00 (66.00, 84.00) 70.00 (64.00, 75.00) 1.555 0.120
Waist circumference, cm 94.13+10.72 90.05+8.82 1.762 0.192
BMI, kg/m?* 26.80 (24.39, 29.41) 24.70 (22.68, 26.03) 2.009 0.045
SBP, mmHg 136.39+15.31 134.26+14.70 0.208 0.651
DBP mmHg 82.61+9.40 80.32+11.52 0.505 0.481
FBG at admission, mmol/L 9.05+3.18 8.58+3.58 0.200 0.657
2hPBG, mmol/L 14.93+4.57 12.29+2.97 4.711 0.036
HbAlc, % 9.74+1.99 9.46+1.91 0.214 0.646
Glycated albumin, % 23.39+10.07 21.76+5.50 0.399 0.531
Total cholesterol, mmol/L 4.64+1.39 5.00+1.25 0.789 0.380
Triglycerides, mmol/L 1.88+1.13 1.56+0.63 1.206 0.279
LDL-C, mmol/L 2.79+0.99 3.00+0.88 0.531 0.470
HDL-C, mmol/L 1.01+0.28 1.09+0.19 1.044 0.313
ALT, U/L 32.00 (17.00, 47.00) 21.00 (14.00, 42.00) 0.657 0.511
AST, U/L 21.00 (14.00, 32.00) 19.00 (14.00, 28.00) 0.569 0.569
GGT, U/L 35.00 (25.00, 48.00) 26.00 (19.00, 50.00) 0.582 0.561
SUA, pmol/L 337.00 (258.00, 378.00) 286.00 (269.00, 339.00) 1.036 0.300
Serum creatinine, pmol/L 64.13+15.65 57.36+20.11 1.507 0.227
eGFR, mL/(min-1.73 m?) 104.20+16.47 103.09+17.84 0.044 0.834
Table 2. Comparison of glucose metabolism indicators between remission group and non-remission group (X=+s)
FBG (mmol/L) HbAlc (%) Glycated Albumin (%)
Time-point Remission group  Non-remission Remission group Non-remission group Remission group  Non-remission group
(n=23) group (n=19) (n=23) (n=19) (n=23) (n=19)

Baseline 8.47+2.88 7.64+1.56 9.74+1.99 9.46+1.91 23.39+10.07 21.76+5.50

12 weeks 5.57+0.53:® 6.46+0.91¢ 5.88+0.46% 6.4140.40° 12.1941.98w0 14.1843.72¢
24 weeks 5.65+0.58 6.2240.78¢ 5.70+0.432 6.26+0.40° 12.87+1.7120 14.3241.78¢
36 weeks 5.88+0.8220 6.39+0.77¢ 5.93+0.41 6.41+0.46 13.1741.38: 14.4241.99¢
48 weeks 6.2241.06° 6.67+0.87° 6.2340.70° 6.60+0.60° 13.49+2.04¢ 14.5341.39¢

Froup/ Ftime/ Finteraction 1.937/23.225/4.869 4.302/84.256/3.789 0.369/72.015/2.655
Pygroup/ Ptime/ Pinteraction 0.181/<0.001/0.041 0.053/<0.001/0.067 0.551/<0.001/0.120

Notes: Compared with the baseline of the same group, *P<0.05; compared with the non-remission group at the same time point, >P<0.05.

Table 3. Comparison of weight and waist circumference between remission group and non-remission group [M (Q;, O3)]

Time-point Body mass difference (kg) Waist circumference difference (cm) BMI difference (kg/m?)
Remission group Non-remission Remission group  Non-remission  Remission group Non-remission group
(n=23) group (n=19) (n=23) group (n=19) (n=23) (n=19)
12 weeks -4.00(-7.00,-2.90)*  -3.30(-5.00,2.00)  -6.00(-9.00,-3.00)*  -1.00(-2.00,0)  -1.70(-2.44,-1.10) -0.95(-1.65,0.96)
24 weeks -4.80(-7.30,-3.00)"  -4.00(-7.50,0.10) -7.00(-11.00,-3.00)* -2.00(-5.00,3.00) -1.80(-2.74,-1.31) -1.27(-2.40,-0.14)
36 weeks -4.10(-7.00,-2.40)"  -4.20(-5.40,0.30)  -3.00(-8.00,-2.00)* -3.00(-9.00,-1.00) -1.70(-2.30,-0.87) -1.42(-1.83,0.06)
48 weeks -4.80(-7.10,-2.00)*  -0.10(-4.10,0.30) -7.50(-10.00,0)*  -2.00(-6.00,12.00) -1.63(-2.40,-0.18)" -0.42(-1.50,0.28)

Wgroup | Wtime / Winteraction
Pgroup /Ptime/ Pinteraction

17.856/2.235/6.920
<0.001/0.525/0.008

4.998/1.818/9.987
0.025/0.177/0.016

2.476/4.757/3.156
0.116/0.029/0.076

Note: Compared with the non-remission group at the same time point, *P<0.05.

Table 4. Comparison of lipid indicators between remission group and non-remission group [M (Q;, 03)]

Time-point Total Cholesterol Difference (mmol/L) HDL-C Difference (mmol/L)
Remission Group (n=23) Non-Remission Group (»=19) Remission Group (»=23) Non-Remission Group (n=19)
12 Weeks -0.80(-1.94,0.11)? -0.79(-2.23,0) 0.11(-0.08,0.29)# 0.02(-0.16,0.20)
24 Weeks -0.06(-1.63,0.22) -0.55(-1.83,-0.13) 0.22(-0.02,0.35) 2 0.17(-0.07,0.23)
36 Weeks -0.47(-1.22,0.72)? -0.58(-1.57,0.43) 0.32(0.08,0.54)2 0.01(-0.07,0.28)
48 Weeks -0.40(-1.22,2.14) -0.28(-1.38,0.45) 0.25(0.00,0.68) 2 0.02(-0.11,0.27)

Wgroup | Wtime / Winteraction
Pgroup /Ptime/ Pinteraction

0.002/18.457/2.171
0.964/<0.001/0.141

4.272/24.363/7.067
0.039/<0.001/0.008
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Table 5. Comparison of DI between remission group and non-
remission group

Time Point Remission Non-Remission
Group (n=23) Group (n=19)
Baseline 0.18(0.01,0.36) 0.28(0.15,0.66)
12 Weeks 0.57(0.42,0.86) 2 0.39(0.21,0.51)2
24 Weeks 0.78(0.43,1.08)2 0.44(0.29,0.74)2
36 Weeks 0.52(0.42,0.88) 0.47(0.31,0.73)2
48 Weeks 0.50(0.35,0.91)2 0.39(0.26,0.65)

2.577/23.863/9.327
0.108/<0.001/0.002

Wgroup | Wtime / Winteraction
Pgroup /Ptime/ Pinteraction

3. Discussion

According to the International Diabetes Federation,
China has the largest number of patients with diabetes
worldwide [5]. In 2024, the prevalence of diabetes among
adults in China was 11.9% [6], and China is expected to
remain the country with the largest number of patients with
diabetes by 2050. Diabetes prevention and control in China
remains challenging. Early screening, timely intervention,
glycemic control to target, and even early remission are
particularly important.

Metformin is the first-line preferred medication for
T2DM and the foundation of combination therapy.
Intensive insulin therapy is an important approach for
intensive glycemic control. Its core mechanism is to
rapidly correct hyperglycemia by supplementing
exogenous insulin, reduce glucotoxicity, lower
inflammatory factor levels in the body [7], and improve
chronic inflammation. It can significantly reduce the risk
of macrovascular events and myocardial infarction,
thereby improving prognosis [8]. At the same time,
intensive insulin therapy can protect pancreatic 3 cells and
promote restoration of B-cell function, significantly
improving insulin secretory capacity and insulin sensitivity
in target organs [9]. After 2-3 weeks of intensive insulin
therapy, abnormal first-phase insulin secretion can be
corrected [10], and blood glucose can remain at
satisfactory levels for an extended period after treatment.
Semaglutide promotes insulin secretion by pancreatic 3
cells in a glucose concentration-dependent manner while
inhibiting glucagon secretion. It effectively improves
fasting and postprandial blood glucose, significantly
reduces HbAlc, lowers glycemic variability, and reduces
the risk of hypoglycemic events, thereby achieving long-
term stable glycemic regulation [3]. In addition,
semaglutide reduces appetite, increases satiety, delays
gastric emptying, reduces food absorption, and promotes
weight loss by inhibiting the hypothalamic feeding center
[11]. Related studies have confirmed that semaglutide
significantly reduces the risk of major adverse
cardiovascular events in patients with T2DM by improving
lipid metabolism and reducing levels of proteins associated
with atherosclerosis [12].

Previous studies have shown that after 4 weeks of
liraglutide combined with insulin glargine and 12 weeks of
insulin glargine combined with lixisenatide and metformin,
remission rates of T2DM at week 48 were 42.74% and
22.8%, respectively [9,13]. In the present study, the

remission rate of T2DM at week 48 reached 54.76%. This
may be due to the synergistic effects of the mechanisms of
the drugs in the combination regimen. Short-term intensive
insulin therapy can correct hyperglycemia, relieve
glucotoxic suppression of pancreatic  cells, and restore
impaired secretory function [9]. Metformin enhances
glucose-lowering effects by delaying glucose absorption,
inhibiting hepatic glycogen output, and improving insulin
sensitivity in peripheral tissues [ 14]. Semaglutide enhances
glycemic regulation by promoting pancreatic [-cell
secretion and inhibiting glucagon release [15], and further
improves insulin resistance through significant weight
reduction [11], thereby increasing insulin sensitivity in
target organs. These mechanisms together produce a
synergistic therapeutic effect.

The Chinese Expert Consensus on Remission of Type
2 Diabetes proposes the “ABCD” principle to predict the
likelihood of diabetes remission, where “A” refers to
insulin autoantibodies, “B” to BMI, “C” to C-peptide, and
“D” to disease duration [16]. Other studies have also found
that baseline HbAlc is associated with T2DM remission
[17]. In this study, baseline BMI was higher in the
remission group than in the non-remission group,
consistent with the prediction principle, whereas disease
duration and baseline HbAlc showed no statistically
significant differences.

Univariate logistic regression analysis in this study
showed that baseline 2hPBG and medication duration were
factors associated with T2DM remission. Markedly
elevated blood glucose can impair pancreatic [-cell
secretory function. In this study, baseline 2hPBG was
significantly higher and baseline DI was lower in the
remission group than in the non-remission group,
suggesting more severe impairment of B-cell function at
baseline in the remission group. However, DI increased
significantly from baseline in the remission group,
indicating marked improvement in B-cell function. This
may be because pancreatic B cells in the remission group
had been exposed to hyperglycemia for a relatively short
period and had not yet developed irreversible damage.
Therefore, after treatment with the combination regimen,
impaired B-cell secretory function was repaired in time,
increasing the likelihood of remission. Medication
duration was also an important factor affecting T2DM
remission. At each follow-up time point, DI increased from
baseline in both groups, indicating that prolonged
medication duration may continuously improve B-cell
function and consolidate the therapeutic effect of the
combination regimen, thereby increasing the remission
rate of T2DM. However, further multivariate regression
analysis did not show statistically significant differences,
and results remained nonsignificant after adjusting for
confounding factors. This may be related to the limited
sample size of only 42 patients, resulting in insufficient
statistical power of the multivariate model. Therefore, the
results of univariate regression analysis were ultimately
adopted, and the associations of baseline 2hPBG and
medication duration with T2DM remission need to be
verified in larger populations.
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Patients with diabetes have a significantly higher risk
of atherosclerotic cardiovascular disease than individuals
without diabetes [18]. Low HDL-C level is an independent
risk factor for atherosclerotic cardiovascular disease, while
higher LDL-C levels are associated with increased all-
cause and cardiovascular mortality [19]. In this study,
HDL-C increased from baseline after combination therapy,
indicating that this regimen has certain efficacy in lipid
management among patients with diabetes.

In this study, significant differences between the two
groups mainly appeared at weeks 12 and 24. This may be
due to the sustained effects of the combination regimen on
blood glucose and body weight, as well as asynchronous
medication withdrawal among patients in the remission
group. Compared with the non-remission group, some
patients in the remission group may already have
discontinued medication for more than 12 weeks at the
same time point. Their indicators may have rebounded
with longer drug discontinuation, resulting in
nonsignificant differences in some indicators between the
two groups.

In conclusion, short-term CSII combined with
metformin and semaglutide can significantly reduce blood
glucose, body weight, and lipids, and achieve a higher
proportion of diabetes remission. This study also has
limitations. First, it was a small-sample, single-arm, self-
controlled study, and the findings need to be further
verified in larger randomized controlled trials. Second, due
to time limitations, long-term remission and recurrence
were not further observed. Future studies should extend
follow-up to evaluate the long-term efficacy of this
combination regimen.
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R R R e e & — FBUIR
5] SR B IRIR Y 2 AU o

FRekek,  BhiLmE, B
P BB RAA R R AR EEBE N 7R, T8 B AT 210024

FEE: B WE 2 AURIRAG (T2DM) F 35 258 I RRER M T IR 5 246 7 (CSTD B A UM ] SEA% & kTR T
JE W PRI 22 A AENR A B BN D RE SR T AR b . iR #2022 4F 9 A £ 20234F 12 A TR ERIK
2o T 4 BE e N 20 IR 42 51 T2DM S8 & AT 7 K CSILIA YT e Al — FF SUIK5 ) SE M 8 ik, I kA7 48 18]
O\ BT , T U 0T TRDWE PRS2 %, LI D2 i 2 5 R 02 i LW R AT IR % B A M D i S AR Il it A8 Ak . &5
R W CSINERA B BN S B SEAS S IR YT , BE VIS 48 JRI I T2DM 2B 325K 54.76% . S5 ARZZMAITHLL , 2%
F LIRS 12 8] .24 J8] .36 JE i 2 M6 I WAk 21288 11 (HbA o) JWE Ak 78R Pk 3 i 35 (P<0.05) 56 12 814
ZEPR AL B AT 2 TR (P<0.05) , BT BT A it T2 FR] b 25 o (P<0.05 ) , oy %5 2 iR 2 1 DL 1 e g 2 v (<
0.05) . HLIH F logistic [B1F 50 B & BLIL LA 5 2 /N I HE (OR=1.204, 95%CI: 1.003~1.446) F JH 24 it K (OR=
0.386, 95%CI:0.229~0.650) J& T2DM Z& i [ B K 2 (P<0.05) . #5184V CSITBRA — F UMK 5 W) &4 ik
AT ST LAY T2DM 28 , k-G 5 8 vT 2N E SR R R QI S 00t R 5 B2 L D) BB D T A o

EEEIA B RIARIAYT ; 2 RV s WHIRR R s UG WSS KSR RS TS s BEIRAC
W RIAEAL AR AL
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Short-term continuous subcutaneous insulin infusion combined with metformin

and semaglutide in the treatment of type 2 diabetes mellitus
ZHANG Mimi, LU Huaxuan, TANG Wei
Department of Endocrinology , Geriatrics Hospital of Nanjing Medical University, Nanjing, Jiangsu 210024, China
Corresponding author: TANG Wei, E-mail : drtangwei@njmu.edu.cn
Abstract: Objective To observe the effect of short-term continuous subcutaneous insulin infusion (CSII) combined
with metformin and semaglutide in the remission of type 2 diabetes mellitus (T2DM) , glycolipid metabolism, islet B
cell function, and weight. Methods A total of 42 T2DM patients from the Department of Endocrinology at Geriatric
Hospital of Nanjing Medical University were enrolled from September 2022 to December 2023. These patients were
given 7-day CSII for intensive therapy during hospitalization, then combined with metformin and semaglutide, and were
followed up for 48 weeks. The rate of diabetes remission was calculated. Changes of glycolipid metabolism indicators ,
islet B cell function, and body mass were compared between remission group and non-remission group. Results After
short-term treatment with CSII combined with metformin and semaglutide, the remission rate of T2DM was 54.76% at
the 48th of follow-up. Compared with non-remission group, remission group showed more significant improvements in
fasting blood glucose, glycated hemoglobin (HbA,:), and glycated albumin at the 12th, 24th, and 36th weeks of follow-
up (P<0.05), and the Disposal Index significantly increased at the 12th week (P<0.05). During the follow-up period,
body mass and waist circumference decreased significantly (P<0.05) , and high density lipoprotein cholesterol

increased significantly (P<0.05). Univariate logistic regression analysis revealed that baseline 2—hour postprandial

DOI:10.13429/j.cnki.cjcr.2026.06.006
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blood glucose (OR=1.204, 95% CI: 1.003— 1.446) and medication duration (OR=0.386, 95% CI: 0.229-0.650) were

influencing factors for remission of T2DM (P<0.05). Conclusion Short - term CSIT combined with metformin and

semaglutide can achieve higher rate of T2DM remission. Combination therapy can correct glycolipid metabolism

dysfunction, improve islet  cell function and reduce body weight.

Keywords: Insulin intensive therapy; Type 2 diabetes mellitus; Diabetes remission; Metformin; Semaglutide;

Continuous subcutaneous insulin infusion; Glycolipid metabolism; Glucose disposal rate

Fund program: Jiangsu Province Elderly Health Research Project (LR022005 )

A WFFEUETE 53 2 RIS IR (type 2 diabetes mel-
litus, T2DM) £ 28+ T m] 300 iy IURPIR 2, SE 8
W DR 2 il o HR 2 KT TR B R fi 1 (continuous
subcutaneous insulin infusion, CSIT) & #% £ T2 /E b
VRS 305 5 90 IT 0 17 28, SUSTAIN Z 41 5%
R, 4\ s B IIG YT T B 208 1 (gly-
cated hemoglobin, HbA ¢ ) {2 & [ , 3040 H 3 S B ML
BEE AL 3R R SRR R MR 00 1. A
BIFE 3 i ML T2DM f & 28 J 8] CSTTIG & — HTXUIR
55 F) S B BRI T IS M PR 22 fife ERR A S A4 BT
AL, B R B RSS2 R YT B AL I AT SR e

1 M&5F%

1.1 FFEst % PEEL20224E9 A £ 20234E 12 A F
T A SRR 2 B T S A B B PN 3 WA R Bt 14 42 451
T2DM A VERNFTERT G A AFRHE: (1) F#3>18
4 5(2) HbA=7.5%; (3) MERIGIFE<S 47 (4) KR
FH R 25 4 sl AR R — B UK 5 (5) B 1A o et 48 4K
(body mass index,BM)=18.5 kg/m’, HEBRFRME: (1) 17
WE PRI BN W& E B i AR PR B4k ¢ P PR
I (2) WP S R E T EAR I RAE ; (3) 5
HbA K- B2 2B 5 (4) 25 1 C K< 1.2 ng/mL;
(5) =50 CEB 5 (6) ™ IR G P e A 15
il 5 (7) 5520 MR ) 25 , Qb B PR poks b
WRZYIAE 5 (8) A INFN D RE RS s A BE L A W9 S Bl
Vi3 (9) & I GNEIE S50 , UM A <5 45 . At
F L 0 R R R B A B B A B2 0 23 W AL
HE (R 5 : 2022-019-3) , T A G0 R 352 58 A1
&1

12 BrR i WO E AR BRI AR B
T 2 — R, T BMIL, RN AR T2 0.
IXAE T AR E Lz difs T, AR T7
R & 22 98 J WA RR S B2 i R ARTR YT L HEBRZE
J& TR UM 1R (32 1 g Bt 1 2
24 1 5 H20023370, 0.5g/1K ,2~3 /K ) 5 Al L&
JOR SRR R S [P 22 v R i, [ 2 1fE

S$J20210014 , KL #% : 1.34 mg/mL, 1.5 mL; [ 24 #i 7
8120210015, HiLks : 1.34 mg/mL, 3 mL) , FIHA I Bk 4
J&0.25 mg, 4 J5 5 85 R 455 0.5 mg, 7 e KT 4
IR 1.0 mg BEATRIT ]

HE e R i S AT I I 285 2 JR AT L B
U7, WIR) T GEMNAE S 25 A B RO A5, B i B i
JUE TGRS A ARSI TR o WS B AT S
Fifi 17 , WCEE 25 B LB (fasting blood glucose, FBG) FI& f&
2/INBF LB (2-hour postprandial blood glucose, 2hPBG) ,
s E Mz shiie T, kARSI RTT2R
12, A7 R A % 0 T i 9 58 (oral glucose tolerance
test, OGTT) | IfiL A= 4k | Ifil g 55 45 56 , 10 S ) L BMIL,
HbA ¢, G JH [E B =6 H 3l A8 B AR AR 1 I [ s
(low-density lipoprotein cholesterol, LDL-C) | /5% FE R £
FHAHE 5 (high-density lipoprotein cholesterol, HDL-C) |
WRRBILFER NG K& AR BILF NG AL
R, TG B /N ERUE 1 %% (estimated glomerular
filtration rate , eGFR) 1 %] 75 Bl Ab B 35 %4 (disposition
index, DI) o % T35 B3 25 bk 04 09 F8 2 455 24 L4
W L R AR 35 O ST 9, 12 JA S T T2 VAT 2 5 ik 2]
GEFRPRIE o 21 S0 s W A g IR AR T P 5 1R
BeifyT 48 SR AR Bl YT o FZAhNENFBG=6.0mmol/L.
H2hPBG=<8.0mmol/L. WEIRIFENHIZIHRIE S5
W25 %70 34 H J5 HbA<6.5% , 5 FBG<7.0 mmol/L
VEIAARUE o A5 25 5 B D2 i bn v 1 £ 3l 9%
ik, BT 48 Jii) N A 152 24 B 5 24 s R 38 ) SR it s e
R R G2 . HERC 2R IR AT B g 4N
MiZfie (DL) JEEFE  BMI K A4 T i 224k
1.3 %It F %k R SPSS 27.0 475840 .
IESS AT TR L x5 0K, 2N TWBCR T e K 40 5
2 I 1] 5 PO AR P 52 0 7 22 93 A, R L 3R
FLSD-c A%, ARIES AT R FERL M(Q1, 0:) 3
71N, PR T) PO AR FH B ARG 36, o 5 ) 5 RE R
Brunner SR 43 BT 41 [RIRON s (12400 S 41 R]
i [1) 28 EL OB, 5 L8500 ¥ 2, R Bonferroni £ 1F
MY BCRT Wilcoxon £ Bk AG S i AT W LU . THERHE
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BRI (%) Fos , I USR] ¢ K5, 4 Z2 0 [a]
4 e R H Cochran Q 4656, P LY #522K F McNemar
K5, w2 1 7KV FH Bonferroni A2 1F . K FHHLIA
2 logistic [0 734 & 5 RIS Z2 A I 52 i R . DA
P<0.05 A2 A G Lo

2 # R

2.1 WABFALAAE AREREDTZER, BRALRE
23, REfRLBHE 190, iR H 54.76% ., Zfif
2H 2hPBG S BMI i 3 5 T AR G224 (P<0.05) , HiAx 3k
LR ZE G L (P>0.05), W& 1,

22 WAL WY FBG HbA ML A&
FIAEAE S5 I ] 500 (P<0.05) , FBG 1775 i 538 H A%
I (P<0.05) . Byl PRLEL B QIR br i A ek 2%
U3 (P<0.05) . ZZfRA1IEYT 12 8 .24 J5 (36 IR
FEbRARL IR B] SRR A G5 (P<0.05) . W32,
23 WUKEELEE L PR E
Pl 22 (A7 . 35 2L 1] A2 AU (P<0.05) |, it 5 301 7]
DA R T W AR B A AL T R Ol B3 (P<

0.05) . 4 BMI 22 {H A7 7 . 2 I [|] 24 1 (P<0.05) |
SRR 12 J5 48 Jil BMIECR S2fift 41T BT R
#(P<0.05). W3,

2.4 WS IEARILAR PR EIH FE A (AT AR B
TSN (P<0.05) , 24 Bt T 12 )] .36 J] G IR [
PR R R A 2T B ok B 2% (P<0.05) o 4] HDL-C
P A S 2 AR ) (B E] A2 B0V (P<0.05) , Bl 1 A
[ 2220 HDL-C 22 {EBOR i A1 3% T i (P<0.05) .
W4,

25 WM BB WL DISELE B0
) 22 H AN (P<0.05) o Bl 17 ) PO 41 DI ¥4 3 4%
82T (P<0.05) , Hh 2 23R 77 12 J8 DLEL[R]
] SR G i 0 2 T (P<0.05) o L3RS,

2.6 T2DM % vl & B IR S% A 4 R 2
FELL R 2 A Gt 2E B A48 bR (BMIL, 2hPBG )
DA S FH 25 B 1E — 26 g A TR 2R logistic [B1 5 43 M7
K I 25K (OR=0.386, 95%CI:0.229~0.650) % J
2k 2hPBG (OR=1.204, 95% CI: 1.003~1.446) & T2DM
GEf 2 R R (P<0.05) 5

R1 GRS RD R BEZRHE
Tab.1 Baseline characteristics between remission group and non-remission group
I RAFAE LR (n=23) KEMA (n=19) A P
AR () 52.52+12.00 57.00+12.44 1.401 0.244
S (HB /2, 6i) 12/11 9/10 0.096 0.757
JifE ()" 3.00(0.33,24.00) 3.00(1.00,36.00) 0.482 0.630
ZHOBUI A I S [451 (9% ) ] 8(34.78) 8(42.11) 0.237 0.627
M (kg)" 77.00(66.00,84.00) 70.00(64.00,75.00) 1.555 0.120
JEE (em ) 94.13x10.72 90.05+8.82 1.762 0.192
BMI (kg/m®)" 26.80(24.39,29.41) 24.70(22.68,26.03) 2.009 0.045
g (mmHg)* 136.39+15.31 134.26+14.70 0.208 0.651
#F9KE (mmHg)® 82.61+9.40 80.32+11.52 0.505 0.481
ARz FBG (mmol/L)* 9.05+3.18 8.58+3.58 0.200 0.657
2hPBG (mmol/L)* 14.93+4.57 12.29+2.97 4711 0.036
HbA(%)* 9.74+1.99 9.46+1.91 0.214 0.646
L& (%) 23.39+10.07 21.76+5.50 0.399 0.531
SSMIETE B (mmol/L)* 4.64+1.39 5.00+1.25 0.789 0.380
=B HH (mmol/L)* 1.88+1.13 1.56+0.63 1.206 0.279
HDL-C(mmol/L)* 2.79+0.99 3.00+0.88 0.531 0.470
HDL-C(mmol/L)" 1.01£0.28 1.09+0.19 1.044 0.313
AR A FEE RS (u/L)" 32.00(17.00,47.00) 21.00(14.00,42.00) 0.657 0.511
RAFRBIEE R (/L) 21.00(14.00,32.00) 19.00(14.00,28.00) 0.569 0.569
BRI R (/L) 35.00(25.00,48.00) 26.00(19.00,50.00) 0.582 0.561
I PR (wmol/L)" 337.00(258.00,378.00) 286.00(269.00,339.00) 1.036 0.300
IALYLEF (pmol/L)* 64.13+15.65 57.36+20.11 1.507 0.227
eGFR[mL/(min-1.73 m*) ]* 104.20216.47 103.09+17.84 0.044 0.834

T BAR L vt R BAR I M(Q1, Q) FOR
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Tab.2 Comparison of glucose metabolism indicators between remission group and non-remission group — (x+s)
L FBG (mmol/L) HbA(%) BHEAEF (%)

A (n=23)  REMA(n=19)  ZMHG=23)  KREMHG=19)  EWHHGR=23)  REMH(=19)
ek 8.47+2.88 7.64+1.56 9.74£1.99 9.46+1.91 23.39+10.07 21.76+5.50
128 5.57£0.53" 6.46+0.91" 5.88+0.46™ 6.41+0.40° 12.19+1.98" 14.18+3.72"
24 )8 5.65£0.58" 6.22+0.78" 5.70+0.43" 6.26+0.40" 12.87+1.71" 14.32+1.78"
36 J# 5.88+0.82" 6.39+0.77" 5.93+0.41" 6.41+£0.46" 13.17£1.38" 14.42+1.99°
48 J] 6.22+1.06" 6.67+0.87" 6.23+0.70" 6.60+0.60" 13.49+2.04" 14.53+£1.39°
F il Fusial F 55 1.937/23.225/4.869 4.302/84.256/3.789 0.369/72.015/2.655
P il Py P 5 0.181/<0.001/0.041 0.053/<0.001/0.067 0.551/<0.001/0.120

T 5 R4 IELR AT, *P<0.05 ; 5 [R]a] S R R 4H i, "P<0.05.,

R3 GRS ARERARBERER LS (M(Q1,Q)]

Tab.3 Comparison of weight and waist circumference between remission group and non-remission group

(M(Q:,0:) ]

o PR 25 {H (kg) JEFEI 250 (em) BMI 2 {H (kg/m®)

GEfi2H (n=23) RYGHH (n=19) Gl (n=23) RYGHH (n=19) ZEfifR2H (n=23) KGR (n=19)
124 -4.00(-7.00,-2.90)* -3.30(-5.00,2.00) -6.00(-9.00,-3.00)" -1.00(-2.00,0) -1.70(-2.44,-1.10)" -0.95(-1.65,0.96)
24 J# -4.80(-7.30,-3.00)* -4.00(-7.50,0.10) =7.00(-11.00,-3.00)"-2.00(-5.00,3.00)  -1.80(-2.74,-1.31) -1.27(-2.40,-0.14)
36 J# -4.10(-7.00,-2.40)* -4.20(-5.40,0.30) -3.00(-8.00,-2.00)" -3.00(-9.00,-1.00) -1.70(-2.30,-0.87) -1.42(-1.83,0.06)
48 J#] -4.80(-7.10,-2.00)* -0.10(-4.10,0.30) -7.50(-10.00,0)* -2.00(-6.00,12.00) -1.63(-2.40,-0.18)" -0.42(-1.50,0.28)
W i Wil W s 17.856/2.235/6.920 4.998/1.818/9.987 2.476/4.757/3.156
P s/ P wsial P 2 <0.001/0.525/0.008 0.025/0.177/0.016 0.116/0.029/0.076

5 RIS ] S R G i 2H LU, P<0.05 .

R4 GRHSREMHMISTE R L. [(M(Q1,05)]

Tab.4 Comparison of lipid indicators between remission group and non-remission group

(M(Q.,05) ]

SR FEZE (E (mmol/L)

HDL-C Z{H (mmol/L)

R Gl (n=23) KGR (n=19) ZEfA (n=23) KRR (n=19)
12 -0.80(~1.94,0.11)" -0.79(-2.23,0) 0.11(-0.08,0.29)" 0.02(-0.16,0.20)
24 J# -0.06(~1.63,0.22) -0.55(~1.83,-0.13) 0.22(-0.02,0.35)" 0.17(-0.07,0.23)
36 J -0.47(-1.22,0.72)* -0.58(~1.57,0.43) 0.32(0.08,0.54)" 0.01(-0.07,0.28)
48 J# -0.40(-1.22,2.14) -0.28(-1.38,0.45) 0.25(0.00,0.68)" 0.02(-0.11,0.27)
W il W sl W sz 0.002/18.457/2.171 4.272/24.363/7.067

P sl Prgial Pz 0.964/<0.001/0.141 0.039/<0.001/0.008

1 5 ] (]S R SR M2 LA, P<0.05 .
R5 HBHSGKREWADIILE [(M(Q,05)]

Tab.5 Comparison of DI between remission group and non-
remission group [ M(Q1,Q;) ]

Hef ] A5 R4 (n=23) KM (n=19)
Lk 0.18(0.01,0.36) 0.28(0.15,0.66)
12 )8 0.57(0.42,0.86)" 0.39(0.21,0.51)"
24 J# 0.78(0.43,1.08)" 0.44(0.29,0.74)*
36 4 0.52(0.42,0.88)" 0.47(0.31,0.73)"*
48 JH 0.50(0.35,0.91)" 0.39(0.26,0.65)"
W il Wagind W e 2.577/23.863/9.327

P i/ Pl Pz 0.108/<0.001/0.002

T SRR IR, P<0.05; 5 [l ] SR ML LA, "P<0.05,

3 i i

3 [l P DR g 1 S A A, 2 e MR Jk s A
i NBSUR 22 (I 2K, 2024 AR 3 ] KR PR R 56

9 11.9%", Tt 2050 4F- 3% I R £ AT i
T, TR EE RS B 3™ IR, R i A | S
I, e il A 2 L) S PR T O
—HUIOR: T2DM — 26 i 187097 25, R Bk G
TRIT ISR A2 o 5 25 AL TR YT A i Ak I 1
() 2B, RO AL 2 i b se AR 5 22, i
A TE SRR, D R, BRI N SRE IR
IO SO HLARS M S AE , AT 8 2 PR I =R 1
L VR B A & A AU, a2 T ke s s B ™ TR
B, JB 5 FR R AR T BEAE DRAP IO 2 19 ) B 40 A ) e
PRI, e BN IR 5 R AT I RE T e A
Xof g ) 2% BORIURRAE . g 2~3 R RIS AR AR IAY Y
J&  BE B — B AR I S AR RS E " AR
F7 45 5 MR I [T P, i BB ATS RE DR 5 7E 2 AT 22
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TR o ) S IR LA A e B Al 1y =
T 15 B 20 0 5 2% T s 00 A g v I 2K 4000
REAE A AL B 2 I R 5 b, B 35 A
HbA ¢, H-BEAR MW 31, B ARALR i A 3 14 1) & 26 R
RS, AT S B I 9 B RSO PR 4R A, F
PGB R L P T A AR BRI
A, B E R, JE % B HESS b B R, 2
PR B R o R DG 9 UE S R SE A% S A A ek
2 e ARG, BEAK 5 ) ok ok A R Ak AH 5C 1 8 (K
S, AR S REAIR T2DM R LR EEL IS AN R
T DR 2

CLA WFIEIE S, 48 4 J8 R KB & HORS e 5
12 JEHORG B 5 RIS R IR AR S UIGR YT
J 55 48 JEIIE T2DM Z2 #3531 R 42.74% 22.8%
MAHFSE T2 48 JEI B T2DM 2B 383Kk 54.76% . 434t
JE PR AT B SR AR BRI A T S8 25 A AL A Eh )
RN - AR R AR AR YT BB 21 IE ROHRIRAS | AR BR
o R P X 5 B 400 ) A k2 o R AR A 4 )
WATAITE" [F) sk — P UG g i 2 7 285 i e 4 ol
J M ey 4 v D JE 2 SN T 5 R B e LA
SoR A RLCRE ), T ) S 65 R D 2o AR 2 5 B 400
G300 AV B v N 2R LA M i i AR R s
— 3 1 b 2 e 1 M e A, AT 42
o 25 T MR B R R AR, R ML L R R
BCHMRIRTT RN o

(G2 ik 2 OB s v B 2 ) 4 H “ABCD”
JEDUJ L2 T PR 2% i vl ek, LA S E A
BHUR B7 A BMLL“C” M CJIK D7 A i, Hog A
AL FELE HDA 5 T2DM R AEAEASEPE . A
WF5E v 22 A 4 L 2% BMI 3R SR 41 5, 494 T
) AFp L S 4R HbA 22 T G4 L, AR
22K R logistic [91H 53 H7 e I EEZR 2hPBG A FH 24 1)
FJ& T2DM S (1) s i P 2, ifoa B J s vl o5 e ke
5 RANMI I THBEZ 0 . AHIEITH , R4 3Lk 2hPBG
B TR, 54 DUR T Rl |, 32 S
4 R LA I I B AN ) BB SZ 0 Sl P AR
T i 2H DIRCERA W2 T, BAN ML D BE i 35 s, iX
AT RE SR PR R % M 4 R ) B AN B 2 58 T v B B B2 (1]
AEXT T, 1 5 B A4 ML 1 A T AN AT sl i 3, DRI I 22
WG TT IRI7 )5 , S B B AN Y 4 I D REAS 21 S i 48
5N = 2 A v et . AFFE Y, R 2
SR T2DM 22 fift 1 55 B N 3R, 7R i 177 19 45 B3, I 41
S DRI T 5, U B 24 B ] %) 228 4 ] %o Jle
5y BARE T e A R A, AT LIRS I 22 Y

TBIF RN, TS T2DM 25 A, SRt — 1T
Z2 2R B ) 22 53 e g 12 3 X, R B TR A4
RIG@RE RN IEIFE Lo X T HE = P AT
FTALA 42 BB AR A IR SR R R
A BEAN I, e 2R LR M A3 BT 25 51 | Je 2
TE R AR B 56 IF 3 £ 2hPBG K H 25K 5
T2DM ZZ fifAH G

W5 PRI BB R A Bl oK o A A A 1 A5 1 XL
W dnd 2 e TR s AHE ™ {IR HDL-C 7K 2 Bl ik ok
FERE Ak I 455 A M 7 fE 1 PR 2 488 3 14 LDL-C
K5 RBET R AL LA B IET - R I
AWEFE R A 7 I6 T )5 B HDL-C B L4 Tt
15, BEHIZ IR G S X B PR s 3 R A L LA —
TEITR o

AT 2 [B) 45 F b o 3 2 S v R LA
551224 J8] , 3X AT BB PR R HK A T G0 oA % A T
MO I RF S E L R b R AR R A2, 5
KRG AR LY, [ — INF 301 92 figk 20 v 3 43 B8 35 7T g
P25 12 J8] 3R 43 B 45 TS A T B Bl 5= 24 B ]
) JE K 45 FH 24 A ] [ S B0 20 [R5 o048 A 25 57
gt E L

g LR SRR S N RS RS
XU W) SEA% & R AT 02 B s 8 A , JOF Se ol
1o EU 1) PR AR RS R M . AR S BAFFELL R AN
(1) AR T/ NEA [ S H S X R ST
Ji S5 5 A T RS 1 BE AL X REAF 5T Hh i — 25 B0 E 25
3o (2) th T E BRI, R BB — 25 UL A 2%/ Fi
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