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Abstract
Aim: Insulin antibodies (IAs) affects blood glucose control in patients using insulin therapy. We aim to investigate the association
between different glucose-lowering treatments and IAs in patients with type 2 diabetic mellitus (T2DM).

Methods: In this cross-sectional, retrospective study, patients with T2DM who were using exogenous insulin therapy were included.
All the patients had stable antidiabetic therapy in the last 3 months and measured IA levels using the iodine-125 array.

Results: A total of 1863 patients were enrolled. There were 902 (48.4%) patients with positive IAs (IA level >5%), and the mean IA
level was 11.06 (10.39, 11.72) %. IA level was positively correlated with fasting blood glucose (OR=1.069, p<0.001). The proportion
of positive IAs was lowest in patients using glargine only (31.9%) and highest in patients using human insulin only (70.3%),
p<0.001. The IA levels in patients using sulfonylureas/glinides (8.3 %), metformin (9.6 %), and DPP-4 inhibitors (8.2 %) were all
lower than in patients without these drugs (p all <0.05).

Conclusions: IA levels should be measured in patients with long-term insulin therapy. Insulin glargine and the combination of oral
glucose-lowering drugs should be considered in IA positive patients. 

Introduction
Many patients with type 2 diabetes mellitus (T2DM) eventually require and bene�t from insulin therapy once progression of the
disease overcomes the effect of oral agent [1]. Insulin antibodies (IAs), which were found commonly developed in patients treated
with exogenous insulin, might affect glycemic control due to their tendency to bind and/or release insulin in an unpredictable
fashion [2–4]. Recently, Zhu J et al, showed that higher circulating IA titer was associated with increased glycemic variability and
risk of hypoglycemia [5], which were considered as potential risk factors for mortality [6] and diabetes complication in patients with
T2DM [7, 8]. Therefore, it is important for endocrinologists to assess IA levels in patients with insulin therapy. Moreover, identifying
the factors that in�uence IA levels may help us to further understand blood glucose �uctuations and improve blood glucose control
in patients with diabetes.

Along with the development of recombinant human insulin and insulin analogues, several studies found that circulating IA levels is
closely related to the mode of insulin injection and the types of insulin [9–11]. IA levels usually increased during �rst 12 weeks
following initiation of exogenous insulin treatment and then stabilized or gradually declined[10, 12]. However, previous studies
usually compared IA levels between patients using two types of insulin that act similarly. The different effects of all the types of
insulin currently being used, as well as oral glucose-lowering drugs on IA have not been reported yet as we aware of.

Therefore, we analyzed the circulating IA levels in patients with T2DM using different insulin therapies and oral glucose-lowering
drugs retrospectively in this study.

Materials And Methods
Study design

This was a retrospective, cross-sectional study, and was approved by the Institutional Ethical Committee of Nanjing First Hospital,
Nanjing Medical University (KY20190926-01). The methods were conducted in accordance with the Declaration of Helsinki
guidelines, including any relevant details. The need for informed consent was waived for the present study as the research involves
no more than minimal risk to subjects, and the waiver did not adversely affect the rights and welfare of the subjects. All data was
retrospectively collected from the medical review database without involving any identi�able private information under the consent
of the corresponding department.

Two researchers extracted data from consecutive medical records of patients admitted to Nanjing First Hospital. Data analysis
covered the period from Jan 2017 to Jan 2019. The inclusion criteria were as follows: 1) patients who were diagnosed with T2DM;
2) patients were using insulin therapy, and there are no changes in glucose-lowering drugs in the last 3 months before the end of
index date; 3) IA levels was tested. Patients were excluded if they 1) had infectious diseases which may promote autoimmune
responses[13]; 2) had acute complications of diabetes on admission, such as diabetic ketoacidosis and lactic acidosis, which
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affect serum IA concentration through dehydration; 3) had severe systemic diseases or any other conditions that may in�uence IA
levels; 4) pregnant; 5) used systemic glucocorticoid in the last 3 months.

Clinical and laboratory assessments

Patient data regarding height, weight, age, duration of diabetes, hypoglycemic treatment and other medication use were collected
at the time of hospital admission. Body mass index (BMI) was calculated as weight divided by the square of height (kg/m2). Blood
samples of all patients were collected after overnight fasting (> 10 h). HbA1c was measured using high-performance liquid
chromatography assay (Bio-Rad Laboratories, Inc. CA, USA). C-peptide was measured using chemiluminescent immunometric
assay which employs the Modular Analytics E170 (Roche® Diagnostics GmbH, Mannheim, Germany).

The IA titers were determined using the iodine-125 insulin antibody array kit (Beijing North Institute of Biological Technology, China)
in accordance with the manufacturer's instructions, the procedure being similar to that in the previous studies [5, 14]. In brief, the
serum sample (100 µl) was diluted with buffer and then incubated with mono-125I (TyrA 14) human insulin (1.1 kbp, 100 µl). After
incubation at 37°C for 2 h, bound and free insulin fractions were separated by polyethylene glycol. The results were expressed in
terms of bound radioactivity in the precipitate as a percentage of total counts (%B/T) in the assay. Blank values obtained by
measurement of speci�c IA-zero serum were subtracted from sample values. IA ≤ 5% was identi�ed as a negative result, and IA > 
5% as positive[5]. The tests of IA levels were performed in Nanjing Clinical Nuclear Medicine Center (ISO/IEC15189/17020). The
nonspeci�c binding rate should ≤ 15%, the binding rate with standard IA positive serum should > 25%, and the binding rate with
standard negative serum should < 5%. The intra- and inter-assay coe�cients of variation were < 10% and < 15%, respectively.

Statistical analysis
Statistical analyses were performed using the SPSS software (SPSS, Science, Chicago, USA). All variables were tested for normal
distribution. Data are presented as means (95%CI). Insulin resistance and β-cell function were evaluated using Homeostasis Model
Assessment 2 (HOMA2-IR and HOMA2-β), which were calculated using fasting C-peptide and blood glucose by HOMA2 Calculator
[15]. Differences between the positive and negative IA groups were examined using the student's unpaired t-test for parametric data
or the Mann-Whitney U-test for non-parametric data, respectively. Logistics regression analysis was used to �nd the factors which
may affect IA levels. Then the difference of IA levels among different blood glucose lowering drugs were analyzed using the
analysis of covariance (ANCOVA) to adjusted the in�uence factors. The categorical data were examined with chi-square test. All
comparisons were 2-sided at a 5% signi�cance level. A p value < 0.05 was considered to be statistically signi�cant.

Results
Study populations

Among 7426 patients with T2DM, a total of 2496 (33.61%) patients were using insulin therapy. Among these patients, two pregnant
patients, two patients using systemic glucocorticoid, another 22 patients with changes in their lowering glucose drugs treatment in
the last 3 months, and 134 patients with infection were excluded. Moreover, a hundred patients with positive glutamate
decarboxylase antibody (GAD-Ab) were excluded. A total of 1863 patients completed IA measurement and were �nally enrolled for
analysis. There were 902 (48.4%) patients with IA > 5% (Fig. 1), and the mean IA level was 11.06 (10.39, 11.72) %.

Clinical characteristics of the patients with positive IAs.

Compared with patients with negative IA (IA ≤ 5%), patients with positive IAs (IA > 5%) was associated with higher age, diabetic
duration, total cholesterol, low density lipoprotein-cholesterol (LDL-c), high density lipoprotein-cholesterol (HDL-c), fasting blood
glucose (FBG), insulin levels, GAD-Ab levels, and the proportion of cancer. Alanine transferase (ALT), triglyceride and the proportion
of smoking was lower in patients with IA > 5% than in the others (Table 1). To increase the speci�city of IA, and reduce the ratio of
false positive and false negative, we also analyzed the characteristics of patients with IA > 10% and IA < 1%. The further analysis
showed that the differences of age, ALT, total cholesterol, triglyceride, LDL-c, FBG, insulin levels, GAD-Ab, and the proportion of
smoking and the complication of cancer between patients with IA > 10% and ≤ 1% were enlarged. Moreover, HOMA2-IR was higher
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in patients with IA > 10% than in patients with IA ≤ 1%. HbA1c seemed also higher (but not statistically signi�cant) in patients with
IA > 10%. The prevalence of diabetic complications between the patients with positive and negative IA were all similar (Table 1).
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Table 1
Clinical characteristics

  IA ≤ 5%

(n = 961)

IA > 5%

(n = 902)

p
value

IA ≤ 1%

(n = 278)

IA > 10%

(n = 581)

p
value

Age (year) 63.1(62.3,63.9) 64.5(63.7,65.2) 0.029 62.6(61.1,64.2) 65.4(64.5,66.4) 0.004

Gender (male
%)

532(55.4) 472(52.3) 0.193 155(55.8) 293(50.4) 0.175

Smoking (%) 176(18.3) 120(13.3) 0.003 69(24.8) 68(11.7) < 0.001

Family history
(%)

219(22.8) 187(20.7) 0.287 71(25.5) 121(20.8) 0.145

BMI (kg/m2) 24.8(24.6,25) 24.8(24.6,25) 0.998 24.6(24.2,25.1) 24.7(24.4,25.0) 0.854

Diabetic
duration (year)

12.6(12.1,13) 13.4(12.9,13.8) 0.012 13.3(12.5,14.2) 13.6(13.0,14.1) 0.687

ALT (g/L) 26.7(24.5,28.9) 23.5(21.9,25.1) 0.049 30.4(26.0,34.7) 23.8(21.6,25.9) < 0.001

AST (g/L) 20.7(19.3,22.2) 18.9(18,19.7) 0.691 21.7(19.0,24.4) 19.1(18.1,20.2) 0.513

Creatinine
(µmol/L)

77.3(74.7,80) 80.1(76.9,83.3) 0.475 79.3(73.7,84.8) 78.9(75.4,82.3) 0.820

Uric Acid
(µmol/L)

308.5(302.2,314.8) 307.6(300.1,315) 0.361 310.8(299.4,322.2) 302.3(293.1,311.5) 0.083

Total
cholesterol
(mmol/L)

4.7(4.4,5.1) 4.8(4.4,5.1) 0.032 4.3(4.1,4.4) 4.6(4.4,4.8) 0.004

Triglyceride
(mmol/L)

2(1.9,2.2) 1.8(1.7,1.9) 0.058 2.3(1.8,2.7) 1.7(1.5,1.8) 0.015

LDL-c
(mmol/L)

2(2,2.1) 2.1(2.1,2.2) 0.003 1.8(1.7,1.9) 2.2(2.1,2.2) < 0.001

HDL-c
(mmol/L)

1.2(1.2,1.2) 1.2(1.2,1.3) 0.053 1.2(1.2,1.3) 1.3(1.2,1.3) 0.675

White blood
cell (×109)

6(5.9,6.1) 6(5.9,6.1) 0.984 5.9(5.8,6.1) 6.0(5.9,6.1) 0.922

Neutrophil
ratio (%)

59.4(58.6,60.1) 59.6(58.9,60.4) 0.829 58.7(57.3,60.1) 59.6(58.7,60.6) 0.339

Hemoglobin
(g/L)

130.5(129,132) 129.2(127.9,130.5) 0.315 129.7(127.6,131.8) 128(126.5,129.5) 0.248

FBG (mmol/L) 8.4(8.2,8.7) 9.1(8.8,9.4) < 
0.001

7.9(7.5,8.3) 9.0(8.7,9.4) < 0.001

Fasting Insulin
(mU/L)

22.2(18.9,25.6) 41.4(34.2,48.6) < 
0.001

27.4(21.5,33.2) 54.0(43.8,64.3) < 0.001

Insulin-120min
(mU/L)

54.4(49,59.7) 93(79,107) < 
0.001

60.7(52.7,68.7) 115.6(96.2,134.9) < 0.001

Fasting CP
(ng/ml)

1.5(1.3,1.6) 1.4(1.3,1.5) 0.451 1.4(1,1.8) 1.4(1.3,1.5) 0.049

Data are mean (95%CI) or number (percentage). IA, insulin antibody; BMI, body mass index; ALT, Alanine transferase; AST,
Aspartate transferase; LDL-c, low density lipoprotein cholesterol; HDL-c, high density lipoprotein cholesterol; FBG, fasting blood
glucose; CP, C peptide; HOMA2-IR, homeostasis model assessment 2 of insulin resistance; HOMA2-β, homeostasis model
assessment 2 of β cell function. HbA1c, hemoglobin; GAD-Ab, glutamic acid decarboxylase antibody.
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  IA ≤ 5%

(n = 961)

IA > 5%

(n = 902)

p
value

IA ≤ 1%

(n = 278)

IA > 10%

(n = 581)

p
value

CP-120min
(ng/ml)

3.1(3,3.3) 3(2.9,3.2) 0.361 3.0(2.7,3.3) 3.0(2.8,3.1) 0.569

HOMA2-IR 1.5(1.4,1.6) 1.7(1.5,2) 0.191 1.3(1.2,1.4) 1.7(1.5,2) 0.025

HOMA2-β (%) 49.1(46.3,51.8) 46.6(43.6,49.6) 0.082 48.6(43.9,53.2) 46.5(42.7,50.3) 0.107

HbA1c (%) 9(8.8,9.1) 8.8(8.7,9) 0.177 8.6(8.4,8.8) 8.8(8.7,9.0) 0.102

GAD-Ab
(IU/ml)

4.5(4.2,4.9) 5.6(5.2,6) < 
0.001

3.3(2.7,3.9) 5.5(5.0,6.0) < 0.001

IA (%) 2.2(2.1,2.3) 20.4(19.3,21.5) < 
0.001

0.3(0.3,0.3) 27.8(26.7,29.3) < 0.001

Hypertension
(%)

566(58.9) 547(60.6) 0.450 176(63.3) 346(59.6) 0.297

Fatty liver (%) 291(30.3) 246(27.3) 0.167 86(30.9) 152(26.2) 0.166

Cancer (%) 36(3.7) 63(7) 0.002 5(1.8) 44(7.6) < 0.001

DKD (%) 191(19.9) 207(22.9) 0.113 55(19.8) 124(21.3) 0.654

Neuropathy
(%)

257(26.7) 273(30.3) 0.100 72(25.9) 168(28.9) 0.372

Retinopathy
(%)

263(27.4) 258(28.6) 0.570 79(28.4) 178(30.6) 0.525

Atherosclerosis
(%)

662(68.9) 638(70.7) 0.391 188(67.6) 416(71.6) 0.233

Data are mean (95%CI) or number (percentage). IA, insulin antibody; BMI, body mass index; ALT, Alanine transferase; AST,
Aspartate transferase; LDL-c, low density lipoprotein cholesterol; HDL-c, high density lipoprotein cholesterol; FBG, fasting blood
glucose; CP, C peptide; HOMA2-IR, homeostasis model assessment 2 of insulin resistance; HOMA2-β, homeostasis model
assessment 2 of β cell function. HbA1c, hemoglobin; GAD-Ab, glutamic acid decarboxylase antibody.

Logistics regression analysis for risk factors of IA

To identify the factors that in�uenced IA levels, we performed a Logistics regression analysis, including factors which were
different between IA positive and negative groups, such as age, diabetic duration, ALT, total cholesterol, triglyceride, LDL-c, FGB,
GAD-Ab, HOMA2-IR, accompanied by cancer or smoking, and the kinds of oral hypoglycemic agents (OHAs) as independent
variables. As a result, diabetic duration, ALT, triglyceride, FGB, GAD-Ab, kinds of OHAs, and cancer remained in the regression model
and were signi�cantly associated with IA levels (p all < 0.05, Table 2).
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Table 2
Logistics regression analysis for risk factors of insulin antibodies.

  OR 95% Con�dence interval p value

Diabetes duration 1.019 1.001 ~ 1.037 0.042

Kinds of OHAs 0.875 0.771 ~ 0.991 0.036

ALT 0.996 0.992 ~ 1.000 0.053

Triglyceride 0.920 0.867 ~ 0.976 0.005

FBG 1.069 1.029 ~ 1.111 0.001

GAD-Ab 1.025 1.004 ~ 1.047 0.021

With cancer 0.533 0.310 ~ 0.917 0.023

OR, odds ratio; OHAs, oral hypoglycemic agents; ALT, Alanine transferase; FBG, fasting blood glucose; LDL-c, low density
lipoprotein cholesterol; GAD-Ab, glutamic acid decarboxylase antibody.

Distribution and IA levels of patients treated with different insulin regimens

The proportion of different insulin therapy among the patients with T2DM using insulin therapy were shown in Fig. 2A. Among the
insulin therapy regimens with the population more than 1%, glargine with OHAs was the most used (28.8%), and the patients using
biphasic insulin aspart 30/50 constituted the largest proportion of patients with positive IAs (13.7%). The proportion of positive IAs
was lowest in patients using glargine only (31.9%) and highest in patients using human insulin only (70.3%), p < 0.001 (Fig. 2A).
After adjusted diabetic duration, ALT, triglyceride, FGB, kinds of OHAs, and cancer, which were risk factors in the logistics regression,
the ANCOVA test showed that among the different insulin therapy regimens, glargine induced lowest IA levels (6.7[5.8,7.5], and
insulin aspart caused highest IA levels (17.7[13.6,21.8] %), p < 0.001, Fig. 2B.

Effects of OHAs on IA levels.

Among the OHAs, α-glucosidase was the most used drug combined with insulin therapy (33.0%), and the proportion of positive IAs
was highest in patients using thiazolidinediones (TZDs) (51.4%, p = 0.121, Fig. 3A). The IA levels in patients using
sulfonylureas/glinides, metformin, and Dipeptidyl peptidase-4 (DPP-4) inhibitors were all signi�cantly lower than in patients
without these drugs (the controls were the patients using all the other OHAs and patients without any OHAs or glucagon-like
peptide 1 receptor agonists (GLP-1RAs)) (p all < 0.01, Fig. 3B), and patients using DPP-4 inhibitors had lowest IA level (8.2[6.5,10.0]
%, Fig. 3B). After adjust diabetic duration, ALT, triglyceride, FGB, and cancer, ANCOVA test showed that the differences between the
patients with or without these drugs remained signi�cant (DPP-4 inhibitors, p = 0.026; metformin, p = 0.002; sulfonylureas/glinides,
p < 0.001). The proportion of patients treated with OHAs was 83.0% in patients taking insulin glargine, which was only 51.4% in
patients using mixed insulin (biphasic aspart, biphasic lispro and biphasic human insulin) in the present study (p < 0.001). On the
other hand, the proportion of patients who were using glargine and deremir were similar in patients with different OHAs (42.0-
55.1%) except sulfonylureas/glinides (75.0%) (p < 0.001, Supplementary table 1).

Discussion
The present study found that the positive IAs was signi�cantly lower in patients using insulin glargine compared with the other
insulin therapy regimens, while DPP-4 inhibitors, metformin, and insulin secretagogues may also have potential effects on reducing
IA levels. As far as we are aware, there have not been any previous reports with such �ndings.

Although circulating IA rarely interfere with HbA1c levels, FBG and insulin resistance was higher in patients with positive IA
compared with the others in our study, and the result was in accordance with a previous study in patients with type 1 diabetes[16].
In the present study, increased HOMA2-IR in patients with positive IAs may contribute to the higher FBG rather than fasting C-
peptide. However, previous studies have demonstrated that insulin resistance may be a result of increased IAs[17, 18]. The problem
of high FBG and insulin resistance is more pronounced and needs to be addressed in patients with T2DM, which may lead to
increased insulin dose in these patients[17], and following increased �nancial cost on insulin and increased weight. Moreover,
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nearly half of the patients using insulin had positive IAs, which demonstrated the results of previous studies [19, 20]. Therefore,
attention should be paid to the detection of circulating IA level in patients with T2DM who are using insulin therapy, especially in
elderly non-smokers with high LDL-c according to our study, and the choose of therapeutic regimen in patients with positive IAs is
important.

In the previous studies, the proportions of positive IAs were 27.6–29% in patients with glargine only [21, 22], and 24.5–49.2% in
patients using glargine plus aspart or lispro [10], which were lower than in patients with biphasic insulin aspart (68%), biphasic
human insulin (66%) [14], and insulin detemir plus aspart (40–50%) [23]. H Yki-Järvinen et al, found that antibodies against insulin
glargine and human insulin were both signi�cantly lower in patients treated with insulin glargine than in patients using neutral
protamine hagedorn (NPH) [24], while the difference of IA levels between these two kinds of insulin was not statistically signi�cant
in patients with type 1 diabetes [25]. Moreover, Hattori et al. found that glargine and aspart induced insulin antibodies more
frequently than the others based on a small sample size of 381 patients with T2DM, and only 17 patients were using glargine in
their study (15). We con�rmed that insulin glargine induced less IA than other insulin regimens for the �rst time in such a large
population. The less IA induced by insulin glargine may contribute to its pharmacokinetic and pharmacodynamic characteristics:
following the injection, insulin glargine forms a depot in the subcutaneous tissue, from which it is slowly absorbed. This provides a
relatively uniform, peakless concentration over approximately 24 h after administration [26]. Therefore, treatment with insulin
glargine resulted in a lower daily basal insulin dose and a lower number of injection site reactions than insulin detemir [27] and
neutral protamine hagedorn [28]. Insulin degludec, another basal insulin with an ultra-long duration of action (> 42 h), has similar
few immunogenic responses compared with insulin glargine [12]. However, there were only 7 patients (< 1% of the population)
using insulin degludec in the present study, and we did not include them in the statistical analysis of IA levels. On the other hand,
the proportion of patients treated with OHAs was much higher in patients taking insulin glargine than in patients using mixed
insulin in the present study. We demonstrated that the use of OHAs was a protective factor of IAs, which may also reduce IA levels
in the patients using glargine.

We unexpectedly found that IA levels in patients using α-glucosidase and TZDs were similar with the patients who were not using
these drugs, although they had similar effects on reduction of insulin resistance and insulin dose compared with metformin, DPP-4
inhibitors, and SGLT2 inhibitors [29–31]. Therefore, the association between OHAs and IA levels may not attribute to their effects
on insulin dose reduction only. The elevation of endogenous insulin may play an important role in prevention of IA positiveness.
Because our study showed that the combination of insulin secretion promoters was associated with declined IA levels in patients
with T2DM. Moreover, Bae J et al, found that DPP-4 inhibitor users secreted more insulin than TZD users [32]. Their �ndings
partially explained the decrease in IA levels in patients who were using insulin combined with DPP-4 inhibitors but not with TZDs in
our study. Francesco et al, suggested that metformin could inhibit B cell activation and antibodies production in autoimmune
diseases via increasing activation of Adenosine Monophosphate Activated Protein Kinase with subsequent decrease in
phosphorylation of mTOR [33]. In the present study, low IA levels in patients using Sulfonylureas/glinides may correlated with the
high proportion of long-acting insulin analogues in these patients. A case report showed that Liraglutide might also have effect on
decreasing IA levels in patient with T2DM [34]. However, we did not observe this effect in patients with GLP-1RA due to the small
number of patients taking the combination of GLP-1RA and insulin. Moreover, the number of patients using SGLT2 inhibitors was
also too small and the reductive effect of SGLT2 inhibitor on IA levels needs to be further con�rmed in a large sample size.
Therefore, the mechanism of effects of different OHAs on IA levels is complex and needs further study.

In the present study, old age was the other relevant factor of IA levels except kinds of OHAs. The incidence and prevalence of many
common autoimmune diseases are increased in the elderly despite autoimmune diabetes is more common in young people and
child. Donna et al, suggested that aging is associated with a state of chronic in�ammation and an increased likelihood of
developing autoimmune diseases [35]. Aging affects negatively the immune system, de�ned as immunosenescence, which
increases the susceptibility of elderly persons to infection, autoimmune disease, and cancer [36].

One limitation of our study was that the cross-sectional study could not explain the causality between the use of blood glucose
lowering drugs and the change of IA levels. Other factors, such as duration of insulin use, age, and blood lipid levels, may
simultaneously affect the drug prescription and IA levels. Moreover, we observed hospitalized patients with type 2 diabetes in the
present study, most of whom had poor glycemic control. The association between IA levels and glucose-lowering drugs in insulin-
treated patients with good glycemic control needs further study.
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Conclusions
In conclusion, IA levels should be tested in patients with T2DM who are using insulin therapy, especially in elderly non-smokers with
lipid metabolic disorder. The use of insulin glargine, DPP-4 inhibitors, metformin, insulin secretagogues, and SGLT2 inhibitors were
associated with lower IA levels, which may be considered in patients with T2DM who need insulin therapy, especially those who
had positive IAs. The causal relationships between changes of IA levels and these drugs need further study.
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Figures

Figure 1

Flow diagram of patients screening.

T2DM, type 2 diabetes; IA, insulin antibody; GADAb, glutamic acid decarboxylase antibody.
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Figure 2

The insulin antibody (IA) levels in patients using different insulin regimens.

A. Percentage of patients using different insulin regimens, and the proportion of positive IAs (red bar) in patients using different
insulin regimens. B. IA levels in patients using different insulin regimens.
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Figure 3

The insulin antibody (IA) levels in patients using different oral hypoglycemic agents (OHAs) and GLP-1RAs.

A. Proportion of patients using different OHAs and the rate of positive IAs (red bar) in patients using different drugs. B. IA levels in
patients using different OHAs and GLP-1RAs. *, vs patients not using the drug, p <0.01.
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