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Objective: This study aimed to discuss adjusting the treatment plan for patients with type 2 diabetes mellitus (T2DM) who are 
positive for exogenous insulin antibody (IA). The outcome of patients who are IA-positive with an adjusted treatment plan was 
considered.
Methods: The treatment plan for patients with IA-positive T2DM was adjusted to oral medication or long-acting insulin + oral medication. 
Insulin antibody, C-peptide, and insulin were re-examined before treatment and at 1, 3, 6, 12, 18, and 24 months after treatment. The time of 
IA-negative seroconversion and its indexes, including blood glucose, C-peptide, and insulin, were recorded and analyzed.
Results: After adjusting the treatment plan for 2 years, in 73 patients, 57 had IA-negative seroconversion, and 16 had positive IA. The 
blood glucose, C-peptide, insulin, glycosylated hemoglobin (HbA1c), and the daily dose of insulin in the seroconversion group and the 
non-seroconversion group decreased compared with before the adjustment of the treatment plan (P < 0.05). The negative seroconver-
sion rate within 2 years was related to the insulin concentration before treatment.
Conclusion: Patients with IA-positive T2DM need to adjust their treatment plans in time. Even if IA does not turn negative within 2 
years after adjusting the treatment plan, the levels of blood glucose, C-peptide, insulin, and HbA1c along with the insulin dosage 
would be significantly improved, which can benefit patients. The higher the fasting insulin and 2-hour insulin values before adjusting 
the treatment plan, the longer the time required for IA to turn negative.
Keywords: insulin antibody, diabetes, type 2, negative seroconversion rate

Introduction
Positive insulin antibody (IA), which is mainly observed at the early phase of type 1 diabetes mellitus, can also be found 
in people using mercaptans or in patients with type 2 diabetes mellitus (T2DM) and treated with exogenous insulin. 
Positive IA associated with sulfhydryl-containing drugs is called insulin autoimmune syndrome (IAS), manifested by 
spontaneous hypoglycemia and endogenous hyperinsulinemia. Positive IA induced by exogenous insulin in patients with 
T2DM is termed exogenous insulin antibody syndrome (EIAS). The two major differences between IAS EIAS are: (1) 
EIAS is induced by exogenous insulin; (2) Patients with IAS have a high incidence of hypoglycemia and more severe 
symptoms. EIAS may induce immune reactions in some people. There are various immune responses induced by 
exogenous insulin, which may include insulin allergy, lipodystrophy, insulin resistance, insulin kinetic changes, hypo-
glycemia, and microvascular disease.1–3 Hypoglycemia is induced by irregular release of insulin after insulin autoanti-
body binding to insulin. Various adverse reactions can be attributed to insulin antibody (IA).4 Cheng reported that in 
patients with diabetes with a total treatment course of insulin of fewer than 2 weeks, the positive rate of IA was 
significantly increased over the course of more than 1 year,5 and the positive rate showed an increasing trend with the 
increase in use time.5–7 Therefore, the incidence of positive IA is both high and harmful. Our previous study8 showed 
that the IA-positive rate in T2DM patients treated with insulin was as high as 40.2% in Xiangshan, Ningbo, Zhejiang, 
China. Accordingly, we need to adjust the treatment plans in time to improve the prognosis of patients, including 
controlled blood glucose, alleviated hyperinsulinemia, and delayed development of diabetes-related complications.
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To this end, we enrolled 73 patients who were IA positive. We adjusted the treatment plan and observed seroconversion- 
related factors and the changes in blood glucose, C-peptide, insulin, and glycosylated hemoglobin (HbA1c) before and after 
the negative seroconversion to provide a reference for the adjustment of the treatment plan of such patients in the future.

Methods
Subjects
Patients who were diagnosed with T2DM, treated with insulin therapy in our hospital between May 1st 2018 and 
April 31st 2019, and tested as IA-positive in anti-IA qualitative test were screened. The inclusion criteria were as 
follows: (1) The diagnosis of T2DM was in accordance with the WHO Diagnostic Criteria of T2DM in 1999:9 

diabetic symptoms (eg, polyuria, irritable thirst, unexplained weight loss); or fasting glucose (no caloric intake for at 
least 8 hours) ≥ 7.0 mmol/L (≥ 126 mg/dl); or 2-hour glucose ≥ 11.1 mmol/L (≥ 200 mg/dl) in oral glucose tolerance 
test; (2) Patients with continuous use of insulin for ≥ 2 weeks.10,11 Patients who met the following exclusion criteria 
were excluded: (1) History of sulfhydryl-containing drug therapy in the past six months; (2) Change of insulin type in 
the past two years; (3) Moderate to severe abnormalities in liver function and kidney function; (4) Myocardial 
infarction, cerebral infarction, trauma, surgery and stressful conditions in the past six months; (5) Presence of acute 
complications of diabetes (6) Body mass index ≥ 28 kg/m2 (due to small sample population). This study was 
approved by the local ethics committee and all patients provided written informed consent.

Treatments and Tests
All patients with positive IA had their treatment changed to oral antidiabetic drugs (OAD). After 2 weeks of treatment, 
the patients were divided into groups. Those whose blood glucose reached the standard (fasting blood glucose 4.4–7.0 
mmol/L and 2-h postprandial blood glucose ≤ 10.0mmol/L) continued to take OAD. Recombinant insulin glargine was 
prescribed to those whose blood glucose did not meet the standard.

Fifty patients were treated twice daily with subcutaneous injections of premixed human insulin (including arginine 
biosynthetic human insulin injection (premixed 30R), arginine biosynthetic human insulin injection (premixed 50R), arginine 
zinc recombinant human insulin mix injection 70/30, 50/50 mix recombinant human insulin injection).Twenty-two patients 
were treated twice daily with subcutaneous injections of premixed insulin analogs (including arginine zinc recombinant 
lysergic insulin mix 25R, arginine zinc recombinant lysergic insulin mix 50R, menadione insulin 30 injection, menadione 
insulin 50 injection). One patient was treated once daily with subcutaneous injection of a long-acting insulin analogue 
combined with three pre-meal ultra-short-acting insulin analogues - dettaglin + menadione insulin.

The patients in the two groups were re-examined before treatment and at 1, 3, 6, 12, 18, and 24 months after 
treatment. After getting up in the morning (after fasting for 10–12 hours), a steamed bread meal test (100 g) was 
conducted, during which blood samples were taken to measure blood glucose, insulin, C-peptide (fasting and 2 hours 
after a steamed bread meal), IA, and HbA1c. The time of IA-negative seroconversion and indexes including blood 
glucose, C-peptide, and insulin were recorded and analyzed.

Test methods, reagents, and instruments: C-peptide and insulin were detected by the immune electrochemilumines-
cence method using a C-peptide/insulin detection reagent and a Cobas e601 analyzer (F. Hoffmann–La Roche [Roche]). 
Blood glucose was detected by the hexokinase method using a glucose detection reagent and a Beckmann AU5800 
analyzer (MedicalSystem Biotechnology Co. Ltd.). HbA1c was detected by high-performance liquid chromatography 
using an HbA1c detection reagent and an MQ-2000PTHbA1c analyzer (Shanghai Medconn Biotechnology Co. Ltd.). 
Finally, IA was detected by radioimmunoassay using 125I insulin antibody analytical reagent and an sn-6105 gamma 
counter (Beijing North Institute of Biotechnology Co. Ltd.).

Statistical Analysis
The data were analyzed using SPSS 22.0 (IBM) statistical software. Count data were compared using a Chi-squared test, 
and measurement data were expressed as mean ± standard deviation or mean (25th percentile, 75th percentile). When the 
measurement data were normally distributed, they were compared between two groups using an independent-sample 
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t-test and among multiple groups using a univariate analysis of variance. If the measurement data were not normally 
distributed, they were compared using nonparametric tests. Data were compared between two groups using two 
independent-sample t-tests, and data before and after treatment were compared within one group using a paired- 
sample t-test. A value of P < 0.05 was considered statistically significant. The charts were tabulated using Graph Pad 
8.0 (Dotmatics) and Sigma Plot 14.0 (Systat), and post-editing was conducted using Adobe Illustrator CC 2017 (Adobe) 
and Photoshop CS6 (Adobe).

Results
From May 1, 2018, to April 30, 2019, there were 90 patients with IA-positive T2DM in the Endocrinology Department of 
our hospital. Of these, 83 met the enrollment conditions. Ten patients refused to change their treatment plans, and 73 
patients met the enrollment conditions (all agreed to participate in this study). Therefore, 81.1% of the total patients 
enrolled in this study. Of the patients participating in the study, 38 were male, and 35 were female. The ratio of males to 
females was 1.09:1. The patients’ ages ranged from 38 to 76 years, with an average age of 59.8 ± 9.6 years.

Negative Seroconversion of Insulin Antibody
All 73 patients with an adjusted treatment plan were followed up for 2 years. A total of 57 patients had IA-negative 
seroconversion. Among these, 44 patients had IA-negative seroconversion within 1 year, and 13 patients had it within 2 
years. Two patients had IA-negative seroconversion within 1 month. Fasting insulin as well as 2-h insulin concentrations 
were higher in the IA non-negative seroconversion than in the IA negative seroconversion group (both within 1 year and 
2 years) (Figure 1). There was no significant difference in fasting insulin and 2-h insulin between the IA negative 
seroconversion within 1 year and IA negative seroconversion within 2 years groups. There was no difference in pre- 
treatment BMI between patients with or without IA negative seroconversion (P=0.848 > 0.05).

Comparison Before and After Negative Seroconversion
The fasting blood glucose (FBG), 2-hour blood glucose, HbA1c, fasting C-peptide, 2-hour C-peptide, fasting insulin, 
2-hour insulin, and the daily doses of insulin in the IA-negative seroconversion group and the IA non-negative 
seroconversion group after 2 years of treatment were lower than before treatment (P < 0.05, Table 1).

After treatment, there were no differences between the two groups in gender, age, BMI, course of the disease, insulin 
use time, FBG before treatment, 2-hour blood glucose, HbA1c, fasting C-peptide, and the 2-h insulin (P > 0.05). The 
2-h C-peptide, fasting insulin, and 2-h insulin were greater in the non-negative seroconversion group than in the negative 

Figure 1 (A) Comparison of pre-treatment fasting insulin in the 1-year IA-negative seroconversion group, the 2-year IA-negative seroconversion group, and the IA non- 
negative seroconversion group. (B) Comparison of pre-treatment 2-h insulin in the 1-year IA-negative seroconversion group, the 2-year IA-negative seroconversion group, 
and the IA non-negative seroconversion group. *P-value < 0.05, **P-value < 0.01, ***P-value < 0.001.
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seroconversion group. The difference in fasting insulin was statistically significant (P < 0.05), while that in 2-h insulin 
was not statistically significant (P = 0.055 > 0.05) (Table 2).

After changing the treatment plan, the daily dose of insulin, insulin level, and 2-hour insulin level decreased in those 
patients who failed in oral medication and turned to insulin treatment regardless of whether IA changed to negative (P < 
0.05, Figure 2).

After treatment, fasting C-peptide, 2-hour C-peptide, insulin, and 2-hour insulin concentration in the negative 
seroconversion group at both 0 (Figure 3A) and 120 minutes (Figure 3B) decreased fastest in the first 3 months. The 
decrease slowed down after 3 months.

Comparison Between the Oral Drug Group and Insulin Group
Of the 73 patients, 29 turned to oral medication (ie, pro-secretory agents, biguanides, alpha glucosidase inhibitors, and/or 
SGLT-2 inhibitors), and their blood glucose reached the standard. Of these, 26 had IA-negative seroconversion, and the 

Table 1 Comparison of Conditions Before and After Treatment in Negative Converted Group and Non-Negative Converted Group

Negative Converted Group Non-Negative Converted Group

Before Treatment After Treatment T/Z P Before Treatment After Treatment T/Z P

FBG (mmol/L) 8.736 ± 3.073 6.940 ± 1.184 4.224 0.000 9.383 ± 2.128 7.425 ± 1.559 4.142 0.001

2HBG (mmol/L) 16.328 ± 3.931 10.824 ± 2.611 10.376 0.000 15.212 ± 4.600 11.491 ± 3.327 3.163 0.001

C peptide 0 min (nmol/L) 0.782(0.405, 1.095) 0.620(0.345, 0.805) −0.256 0.040 0.833(0.473, 11.010) 0.474(0.180, 0.648) −2.948 0.003

C peptide 120 min (nmol/L) 2.143(1.125, 2.740) 1.447(0.855, 1.945) −3.818 0.000 1.541(0.865, 2.163) 0.956(0.575, 1.380) −2.726 0.006

Insulin 0 min (μIU/mL) 54.739 ± 61.960 10.351 ± 5.527 5.545 0.000 144.258 ± 134.528 27.036 ± 30.125 3.721 0.002

Insulin 120 min (μIU/mL) 124.699 ± 79.683 29.525 ± 16.951 9.918 0.000 265.191 ± 216.785 48.491 ± 35.618 4.259 0.001

HbA1c (%) 7.900 ± 1.425 6.946(6.550, 7.200) −4.325 0.000 8.525 ± 1.505 7.075 ± 0.632 3.969 0.001

Dosage of insulin (U) 41.419 ± 11.882 20.677 ± 7.157 14.223 0.000 45.310 ± 24.116 22.310 ± 6.626 4.129 0.001

Table 2 Comparison Between Negative Converted Group and Non-Negative Converted Group After Treatment

Negative Converted Group Non-Negative Converted Group T/Z P

Gender (M/F) 28/29 10/6 - 0.344

Age (year) 59.702 ± 10.233 60.563 ± 7.589 −0.313 0.756

BMI (kg/m2) 25.330 ± 2.939 25.491 ± 3.087 −0.192 0.848

Course of diabetes (year) 9.769 ± 7.354 12.969 ± 7.413 −1.535 0.129

Duration of insulin use (year) 4.189 ± 4.032 4.844 ± 3.482 −0.590 0.557

FBG (mmol/L) 6.940 ± 1.184 7.425 ± 1.559 −1.348 0.182

2HBG (mmol/L) 10.824 ± 2.611 11.491 ± 3.328 −0.849 0.399

HbA1c (%) 6.946 ± 0.659 7.075 ± 0.632 −0.700 0.486

C peptide 0 min (nmol/L) 0.620(0.345, 0.805) 0.474(0.180, 0.648) −1.507 0.132

C peptide 120 min (nmol/L) 1.447(0.855, 1.945) 0.956(0.575, 1.380) −2.287 0.022

Insulin 0 min (μIU/mL) 10.351 ± 5.527 27.036 ± 30.125 −2.205 0.043

Insulin 120 min (μIU/mL) 29.525 ± 16.951 48.491 ± 35.618 −2.065 0.055
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negative seroconversion rate was 89.66%; 44 patients turned to long-acting insulin + oral medication (ie, biguanides and/ 
or alpha glucosidase inhibitors) due to a failure in oral medication, and 31 had IA-negative seroconversion. The negative 
seroconversion rate was 70.46%.

There was no difference in the time of IA seroconversion between patients using insulin and those not using insulin 
(P = 0.195). Twenty-nine patients who changed to oral medication were not found to have hypoglycemia during the 
observation period. Only one of the 44 patients who adjusted to insulin treatment had fasting hypoglycemia one time, 
and no further hypoglycemia occurred after adjusting insulin dose and diet preaching.

The fasting C-peptide and 2-hour C-peptide results in the oral drug group were higher than those in the insulin group 
(Figure 4). The duration of T2DM and insulin use time in the oral drug group were significantly lower than in the insulin 
group (Figure 5). In addition, HbA1c in the oral drug group was higher than in the insulin group before and after 
treatment. The duration of diabetes in the oral drug group was shorter than that in the insulin treatment group, and the 
fasting C-peptide and 2h C-peptide before and after treatment were higher than those in the insulin treatment group (P < 
0.05, Table 3).

Discussion
With the widespread use of purified human insulin preparations, the incidence of IA positivity has gradually decreased. 
However, in patients with diabetes, especially in Asian populations, EIAS continues, which caused by exogenous 
insulin.12 This may be related to the genes of Asian people.9,10,13 In view of the many hazards caused by IA, we still 
need to pay attention to the adjustment of treatment plans for such groups. There have been reports on IA-negative 
seroconversion, but the relevant descriptions are vague. Therefore, this study was performed.

In formulating a treatment plan, we tried to avoid the use of exogenous insulin. For patients with poor islet function 
who must be treated with insulin, we used the lowest possible dose of insulin or insulin with relatively low immuno-
genicity. A previous report revealed that the positive rate of IA was related to the dosage of insulin.5 Insulin analog 
replacement is an effective method for the treatment of EIAS.10,14 Insulin glargine has achieved good efficacy in treating 
patients with positive IA or alleviating local and systemic insulin allergy in patients without anti-allergic drugs.15–17 

Figure 2 Comparison of daily insulin dose, insulin at 0 minutes, and insulin at 120 minutes between the IA-negative converted group and the non-negative converted group 
before and after treatment. (A) In the insulin group, the insulin dose decreased after changing the treatment regimen regardless of whether IA turned negative. (B) After 2 
years of treatment, the insulin at 0 and 120 minutes decreased in the OADs group and the insulin group. **P-value < 0.01, ***P-value < 0.001.
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Therefore, in patients who were IA positive, if oral drug treatment failed, we shifted to insulin glargine + oral drug for 
hypoglycemic treatment to reduce the possibility of IA positivity.

Of the 73 patients in this study, 2.73% had negative seroconversion within 1 month, 59.46% of the patients had IA- 
negative seroconversion within 1 year, and 78.08% of the patients had IA-negative seroconversion within 2 years. 
A previous study conducted by Ionescu-Tîrgovişte et al18 revealed that among 42 patients who were IA positive, the 
antibody disappeared in 24% of patients within 100 days after adjusting the treatment plan. The positivity disappeared 

Figure 3 (A) The concentrations of C-peptide at 0 minutes and insulin at 0 minutes in the negative converted group reduced the fastest in the initial 3 months; this 
reduction slowed after 3 months. (B) The concentrations of C-peptide at 120 minutes and insulin at 120 minutes in the negative converted group reduced the fastest in the 
initial 3 months; this reduction slowed after 3 months.
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when the initial level of IA was low. Sometimes, it lasted more than 1 year18–20 and even more than 2 years.18 These 
findings were consistent with the present study’s conclusion. Because the IA test was a qualitative detection in the present 
study, it is impossible to predict the correlation between the negative seroconversion rate and the IA titer. However, the 
present study revealed that the negative seroconversion rate was negatively correlated with the insulin concentration 
before treatment. There was no significant correlation between insulin concentrations in patients with IA 1-year 
turnaround and 2-year turnaround, which may be due to small sample size. Therefore, these results may not be 
generalized to the correlation between time to turnaround and insulin concentrations before adjustment of treatment 
regimen.

After adjusting the treatment plan, the blood glucose, HbA1c, C-peptide, insulin, and the daily doses of insulin in the 
negative seroconversion group and the non-negative seroconversion group were lower than the values before treatment. 
The fasting insulin, 2-hour insulin, and insulin doses in the negative seroconversion group were lower than in the non- 

Figure 4 Comparison of C-peptide in the OADs group and the insulin group. Before and after treatment, C-peptide at 0 minutes and C-peptide at 120 minutes in the OADs 
group were found to be higher than in the insulin group. **P-value < 0.01, ***P-value < 0.001.

Figure 5 Comparison of course of diabetes and duration of insulin use in the OADs group and the insulin group. (A) The course of type-2 diabetes in the OADs group was 
significantly lower than in the insulin group. (B) The duration of insulin use in the OADs group was significantly lower than in the insulin group. ***P-value < 0.001.
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negative seroconversion group after 2 years. However, the differences between the two groups were not statistically 
significant. Therefore, whether patients had IA-negative seroconversion or not within 2 years, it was necessary to adjust 
the treatment plan, and patients benefitted from it.

There is a case report2 stating that the insulin dose decreased from 300 units/day to 58 units/day after the replacement 
of human insulin therapy with insulin lispro. In the present study, in the insulin treatment group, the insulin dose 
decreased from 42.57 ± 16.25 (units/day) before treatment to 21.16 ± 6.97 (units/day) after treatment. Therefore, patients’ 
insulin doses can be significantly reduced after switching to insulin that does not cause an immune response in the treated 
individual. This reduces hyperinsulinemia in patients, allows the blood glucose to reach a desirable standard, and controls 
it better. On the other hand, the long-term benefit for patients may be reflected in the control of diabetes complications, 
the improvement of life therapy, and survival rates.

After treatment, the fasting C-peptide, 2-hour C-peptide, insulin, and 2-hour insulin concentration values in the 
negative seroconversion group decreased fastest in the first 3 months, and the decrease slowed down after 3 months. The 
rapid decrease in insulin concentration may be related to the half-life of IA. After IA metabolism, the insulin binding to 
IA decreases, reducing insulin concentration in the body. Therefore, the hyperinsulinemia of patients can be relieved 
rapidly after switching the treatment plan. The decrease in C-peptide levels may be related to the improvement of 

Table 3 Comparison Between OADs Group and Insulin Group Before and After Treatment

N(OADs/Insulin) OADs Group Insulin Group T/Z P

Gender (M/F) – 17/12 21/23 – 0.474

Age (year) 29/44 58.103 ± 9.976 61.068 ± 9.397 −1.287 0.202

BMI (kg/m2) 29/44 25.669 ± 2.961 25.165 ± 2.961 0.711 0.479

Duration of diabetes (year) 29/44 5.632 ± 6.161 13.659 + 6.455 −5.292 0.000

Duration of insulin treatment (year) 29/44 3.078 ± 3.624 5.159 ± 3.901 −2.294 0.025

FBG (mmol/L) 29/44 8.152 ± 2.880 9.356 ± 2.830 −1.767 0.082

2HBG (mmol/L) 29/44 15.401 ± 2.839 16.533 ± 4.701 −1.282 0.204

HbA1c (%) 29/44 7.607 ± 1.199 8.320 ± 1.551 −2.097 0.040

C peptide 0 min (nmol/L) 29/44 1.040(0.565, 1.350) 0.631(0.400, 0.788) −3.095 0.002

C peptide 120 min (nmol/L) 29/44 2.841(1.465, 3.340) 1.464(0.780, 2.108) −3.659 0.000

Insulin 0 min (μIU/mL) 29/44 76.910 ± 80.201 72.678 ± 97.188 0.195 0.699

Insulin 120 min (μIU/mL) 29/44 173.780 ± 106.634 143.438 ± 150.395 0.941 0.703

Daily dosage of insulin before treatment (U) 29/44 35.517 ± 12.420 42.568 ± 16.249 −1.984 0.051

FBG after two years of treatment (mmol/L) 29/44 7.183 ± 1.070 6.955 ± 1.406 0.743 0.460

2HBG after two years of treatment (mmol/L) 29/44 10.552 ± 2.850 11.246 ± 2.718 −1.047 0.299

HbA1c after two years of treatment (%) 29/44 6.759 ± 0.538 7.116 ± 0.685 −2.368 0.021

C peptide 0 min after two years of treatment (nmol/L) 29/44 0.830(0.655, 0.935) 0.428(0.225, 0.628) −5.124 0.000

C peptide 120 min after two years of treatment (nmol/L) 29/44 1.908(1.405, 2.415) 0.964(0.515, 1.215) −5.338 0.000

Insulin 0 min after two years of treatment (μIU/mL) 29/44 14.917 ± 16.895 13.409 ± 15.826 0.388 0.699

Insulin 120 min after two years of treatment (μIU/mL) 29/44 40.441 ± 24.534 29.227 ± 21.868 2.042 0.045

Daily dosage of insulin after two years of treatment (U) 29/44 – 21.159±6.968 – –
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hyperglycemia and chronic hyperinsulinemia in vivo, as follows: a. Blood glucose level is the most important factor in 
stimulating insulin secretion; with a decrease in blood glucose, insulin secretion can be reduced. b. Chronic hyperinsu-
linemia may lead to decreased insulin sensitivity in vivo,21 causing insulin resistance. Therefore, after hyperinsulinemia 
is relieved, insulin sensitivity will improve, and insulin secretion in the body will decrease. This manifests as decreased 
C-peptide and improved islet β-cell hypersecretion.

In the oral drug group, 89.66% of patients had IA-negative seroconversion within 2 years. In the insulin treatment 
group, 70.46% of patients had IA-negative seroconversion within 2 years. The negative seroconversion rate in the oral 
drug group was higher than that in the insulin treatment group, and the difference between the two groups was not 
statistically significant (P = 0.052 > 0.05). One possible reason the negative seroconversion rate of patients with oral 
drugs was higher than that of the insulin treatment group is that some patients in the insulin treatment group may produce 
IA again during the treatment with long-acting insulin analogs.

With the prolongation of the course of T2DM, the islet function of patients shows a downward trend. Therefore, in 
patients with a long course of the disease, the probability of failure in hypoglycemic treatment with oral drugs, such as 
secretagogues, increases. In this study, insulin glargine was added for treatment after oral drug failure. This grouping 
meant significant differences in the C-peptide and course of the disease between the two groups, as follows: a. The 
fasting C-peptide and 2-hour C-peptide values in the oral drug group were higher than in the insulin treatment group. 
b. The course of diabetes in the oral drug group was significantly lower than in the insulin treatment group. The possible 
reasons for the higher C-peptide in the oral drug group than in the insulin treatment group are: (1) the use of prohormone 
therapy may affect C-peptide; (2) better in the oral drug group had better islet function than the insulin treatment group.

When selecting treatment plans for patients with IA-positive T2DM, this trial mainly focused on oral drugs or oral 
drugs + insulin glargine. However, in clinical practice, in addition to the above drugs, we can more flexibly select 
individualized treatment plans suitable for patients according to their conditions. Our previous study showed that the IA- 
positive rate after long-acting insulin analogs was lower than after premixed human insulin or premixed insulin analogs.8 

Therefore, the patients with IA positivity in whom oral treatment was unsuccessful were additionally treated with long- 
acting insulin analogs.

However, in clinical practice, there are case reports that the daily dose of insulin gradually decreased after 
exogenous IA-positive patients replaced human insulin with insulin lispro and finally stopped using insulin after 2 
months.22 Although it is a case report, this situation is relatively rare, but it also gave us an idea about when to change 
the treatment plan. This may be due to the difference in molecular structure between exogenous insulin and endogenous 
insulin or the difference in purity, excipients, storage methods, or administration methods.23–27 Therefore, different 
insulin preparations have different immunogenic effects on different patients. A patient may use one insulin preparation 
to induce IA positivity, but it may not have the same immune response when using other insulin preparations. This is 
why some patients who are IA-positive had IA-negative seroconversion after switching to non-similar insulin 
preparations.

For patients who are overweight or obese with acceptable islet functions, GLP-1 analog, metformin, SGLT-2I, and 
other drugs can be considered for replacement. One case report stated that the anti-insulin antibody disappeared 
completely after treatment with liraglutide for 1 year.28 Treatment with GLP-1 analogs was not included in the present 
study, and it needs to be further researched.

This trial has the following limitations: a. The IA test was a qualitative detection; therefore, it is impossible to monitor 
the change in IA titer after adjusting the treatment plan. b. The research population was patients in primary hospitals in 
China, and the sample size was small. Therefore, it does not represent the overall population or reflect inter-ethnic 
situations. c. The follow-up time of patients who were IA-positive after the adjustment of the treatment plan was 2 years, 
and the clinical observation time was short. It is expected that such patients can be followed up in the future to further 
understand IA-negative seroconversion, the occurrence and development of diabetes complications, survival rates, and 
other related situations.
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Conclusion
Therefore, for patients with exogenous IA positivity, the treatment plan should be adjusted according to each patient’s 
conditions. Most patients can have IA-negative seroconversion within 2 years after replacing the treatment plan. If the 
patient’s islet function is acceptable, and the course of the disease is short, insulin can be stopped and oral hypoglycemic drugs 
used. In particular, metformin and α glycosidase inhibitors can significantly reduce plasma IA concentrations.12,29 Patients 
with IA positivity and obesity can be treated with GLP-1 analog and SGLT-2I. For patients with a long course of the disease 
and poor islet function for whom oral medication is unsuccessful, appropriate insulin preparations can be used instead, and the 
minimum effective dose can be applied.24 After adjusting the treatment regimen, patients can benefit from a decrease in insulin 
dose and insulin and 2-h insulin, regardless of whether the IA is converted to negative.
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