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Abstract
Patients with diabetes mellitus having insulin antibodies (InsAb) with properties of high binding capacity and low affin-
ity, which are observed in insulin autoimmune syndrome (IAS), are known to have greater plasma glucose fluctuations. 
Glycated albumin (GA) and the GA/HbA1c ratio have been demonstrated to reflect plasma glucose fluctuations. Hence, we 
hypothesized that GA or the GA/HbA1c ratio in diabetic patients having InsAb with properties of high binding capacity and 
low affinity may be higher than those in InsAb-negative diabetic patients, and we verified this hypothesis. Subjects were 
12 diabetic patients who had InsAb noted while being treated with insulin and were subjected to Scatchard analysis and 
whose InsAb had properties similar to those of patients with IAS (affinity constant K1 < 0.24 × 1/10–8 M, number of binding 
sites R1 ≥ 11.5 ×  10–8 M) [four cases of type 1 diabetes (T1D) and eight cases of type 2 diabetes (T2D)]. The control group 
consisted of T1D and T2D cases matched to the T1D and T2D cases, respectively, according to sex, age, BMI, and HbA1c. 
GA and the GA/HbA1c ratio were compared between both groups. GA and the GA/HbA1c ratio in InsAb-positive patients 
was significantly higher than that in the control group for both T1D and T2D patients. Diabetic patients having InsAb with 
properties of high binding capacity and low affinity had higher GA and the GA/HbA1c ratio than those of InsAb-negative 
patients. Greater plasma glucose fluctuations were suggested in InsAb-positive diabetic patients.
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Introduction

Insulin antibodies (InsAb) are divided into antibodies against 
exogenous insulin that are produced because of insulin 
therapy [1] and autoantibodies against endogenous insulin 
produced in patients with type 1 diabetes and patients with 
insulin autoimmune syndrome (IAS) [2]. Diabetic patients 
receiving insulin therapy may produce InsAb against exog-
enous insulin, the presence of which can be confirmed 
using the InsAb binding rate. Their properties are assessed 

using Scatchard analysis. As InsAb produced during insulin 
therapy usually has the properties of low binding capac-
ity and high affinity, the antibodies cannot be bound to a 
large amount of insulin, and the bound insulin is not readily 
released. Thus, these antibodies hardly affect plasma glucose 
fluctuations [3, 4].

However, InsAb with high binding capacity and low affin-
ity may only rarely be produced, the properties of which are 
similar to those of autoantibodies produced in IAS patients 
[5]. These antibodies are capable of being bound to a large 
amount of insulin and readily released for any reason; there-
fore, they greatly affect glycemic control to pose clinical 
problems, such as repeated early morning hypoglycemia and 
daytime hyperglycemia [6, 7]. Patients with IAS have com-
mon HLA alleles such as HLA DRB1 *04:06 [8]. Moreover, 
some patients with IAS have taken the drugs, most of which 
contain the sulphydryl group [8, 9]. However, patients with 
InsAb produced during insulin therapy do not have these 
characteristics.
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For glycemic control, HbA1c and glycated albumin (GA) 
are used as indices. While HbA1c reflects mean plasma glu-
cose, GA reportedly reflects not only mean plasma glucose 
but also plasma glucose fluctuations [10–12]. Therefore, 
the GA/HbA1c ratio is reported to be useful as an index of 
plasma glucose fluctuations [13, 14]. It was reported that 
the GA/HbA1c ratio in patients with type 1 diabetes (T1D), 
whose plasma glucose fluctuations was greater than that in 
patients with type 2 diabetes (T2D), was significantly higher 
than the ratio in T2D patients [15]. IAS is a disease where 
InsAb with high binding capacity and low affinity is pre-
sent and induce hypoglycemia [16]. We demonstrated that 
GA and GA/HbA1c ratio in IAS patients were significantly 
higher than those in cases with normal glucose tolerance 
[17]. Here, we hypothesized that GA or the GA/HbA1c ratio 
in diabetic patients having InsAb with high binding capac-
ity and low affinity increased compared to diabetic patients 
without InsAb, and we verified this hypothesis.

Subjects and methods

Subjects

We performed the present study in a retrospective manner. 
We measured InsAb in diabetic patients receiving insu-
lin therapy aged 20 years or older who were inpatients or 
outpatients of Kobe University Hospital within the period 
between April 2009 to June 2015. Scatchard analysis was 
performed in cases that tested positive for InsAb (InsAb 
binding rate ≥ 0.4%) and assessed as having great plasma 
glucose fluctuations by their attending physicians based 
on self-monitoring of blood glucose (SMBG). Cases with 
an affinity constant (K1) < 0.24 ×  10–8/M and a number of 
binding sites (R1) ≥ 11.5 ×  10–8 M obtained by Scatchard 
analysis were defined to be cases having InsAb positive for 
antibodies with high binding capacity and low affinity [1, 3], 
a property similar to InsAb in IAS. Patients with T1D and 
patients with T2D were analyzed separately because patients 
with T1D have significantly higher GA/HbA1c ratios than 
patients with T2D [13]. Subjects in the present study were 
12 patients with their HbA1c and GA measured at the same 
time (four T1D patients and eight T2D patients).

Within diabetic patients aged 20 years or older receiving 
insulin therapy who visited our outpatient clinic (249 T1D 
patients and 162 T2D patients) in the period the same as that 
of the subjects, cases that matched the subjects for age, sex, 
BMI, and HbA1c were defined as controls (12 T1D patients 
and 24 T2D patients).

We obtained information on the subject cases and con-
trols, such as age, sex, presence/absence of InsAb, type of 
diabetes, duration of insulin therapy, HbA1c, and, GA and 
calculated the GA/HbA1c ratio. The main outcomes were 

defined as the difference in GA or the GA/HbA1c ratio and 
compared between subject cases and controls for each of 
T1D and T2D.

Measurement

HbA1c, expressed in the National Glycohemoglobin Stand-
ardization Program (NGSP) value [18], was measured by 
high-performance liquid chromatography (HPLC). GA was 
determined by the enzymatic method using albumin-specific 
proteinase, ketoamine oxidase, and albumin assay reagent 
(Lucica GA-L; Asahi Kasei Pharma Co., Tokyo, Japan) [19].

The insulin binding rate was measured by the radioimmu-
noassay (RIA)-polyethylene glycol (PEG) method using the 
Insulin Antibody Kit Yamasa (Yamasa Corporation, Tokyo, 
Japan). 125I-labelled insulin was added to the patient’s serum 
and incubated, a 25% polyethylene glycol solution was then 
added, and bound/free insulin was separated. The radioactiv-
ity of the sediment portion was measured, and binding rate 
was indicated as (bound/total) a percentage.

Scatchard analysis of InsAb was conducted by adding 
125I-labelled human insulin (5.6 ×  10−12 mol/L) to deinsu-
linized serum, measuring the amount of antibody-bound 
insulin, and calculating K1 and R1 by a computer analysis 
program [3, 4]. We used the already defined criteria to define 
insulin antibodies with high binding capacity and low affin-
ity [3].

Statistical analyses

We calculated that a sample size of 4 per group was required 
to provide 80% power to detect a difference with a signifi-
cance level of 0.05, as previously described [17]. All data 
are shown as means ± SDs. For statistical analyses, the 
unpaired Student’s t-test or the χ2 test were performed for 
the comparison of the two groups as appropriate with the 
SPSS Statistical Software 22.0 (SPSS Inc., Chicago, IL). 
Multivariable logistic regression analysis was carried out 
to correct the background factors. The objective variable 
was the presence or absence of insulin antibody, and the 
explanatory variables were the GA / HbA1c ratio, age, BMI, 
gender, and HbA1c. P values less than 0.05 were considered 
statistically significant.

Results

The number of InsAb-positive T1D patients and T2D 
patients used was four and eight, respectively (Table 1). 
The Ins binding rate, K1, and R1 of the InsAb-positive 
T1D patients were 78.9 ± 5.1%, 0.015 ± 0.006 × 1/10–8 M, 
and 70.3 ± 31.1 ×  10–8  M, respectively. The Ins bind-
ing rate, K1, and R1 of the InsAb-positive T2D patients 
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were 80.3 ± 10.6%, 0.040 ± 0.039 × 1/10–8  M, and 
61.6 ± 59.9 ×  10–8 M, respectively. Regarding age, BMI, 
gender, and HbA1c, there were no significant differences 
between the InsAb-positive and the InsAb-negative in both 
T1D and T2D patients.

In both the InsAb-positive T1D patients and T2D 
patients, GA values were significantly higher than those in 
the controls (Fig. 1). Furthermore, the GA/HbA1c ratio in 
InsAb-positive T1D patients and T2D patients were both 
significantly higher than that in the controls (Fig. 2). In 
the control group, the GA/HbA1c ratio was significantly 
higher in the T1D patients than in the T2D patients. We 
performed logistic regression analyses. As result, in type 
1 diabetes, GA / HbA1c ratio was statistically significantly 
higher in the InsAb-positive group even when adjusted 
by age, BMI, gender, and HbA1c (odds ratio 36.1, 95% 
confidence interval 1.63–800, p = 0.023). In type 2 diabe-
tes, GA/HbA1c ratio was statistically significantly higher 
in the InsAb-positive group, even when adjusted for age, 
BMI, gender, and HbA1c (odds ratio 4.8, 95% confidence 
interval 1.35–17.1, p = 0.016).

Discussion

In the present study, differences in GA and the GA/HbA1c 
ratio were examined between diabetic patients having 
InsAb with properties of high binding capacity and low 
affinity and diabetic patients without InsAb. It was first 
demonstrated that GA and the GA/HbA1c ratio were sig-
nificantly higher in patients having InsAb with the proper-
ties of high binding capacity and low affinity whether in 
T1D patients or T2D patients.

It was reported that diabetic patients having InsAb with 
properties of high binding capacity and low affinity had 
their plasma glucose fluctuations increased [20, 21], which 
made it difficult to control plasma glucose and required 
the switching of therapy. Treatments with glucocorticoids 
[22–24], immunosuppressive therapy [20, 25], plasma-
pheresis [20, 24], the addition of antidiabetic drug [26, 
27], and switching of insulin product [28, 29] have been 
reported. Within these reports, plasma glucose fluctua-
tions were improved by the therapies in the case reports 

Table 1  Clinical characteristics 
of study patients

InsAb insulin antibody, T1D type 1 diabetes, T2D type 2 diabetes, K1 affinity constant, R1 binding site 
number, MDI Multiple daily injection, CSII Continuous subcutaneous insulin infusion. The unpaired Stu-
dent’s t-test was performed to compare two groups (Age, BMI, InsAb binding rate, K1, R1, and HbA1c). In 
addition, the χ2 test was performed for the comparison of gender between two groups. P values less than 
0.05 were considered statistically significant

Type T1D T1D P T2D T2D P

InsAb –  + –  + 
n 12 4 – 24 8 –
Age (years) 62.2 ± 6.7 55.0 ± 22.4 0.316 67.2 ± 10.3 66.8 ± 18.4 0.936
Male (%) 4 (33.3) 2 (50.0) 0.582 7 (29.2) 4 (50.0) 0.298
BMI (kg/m2) 20.2 ± 1.4 18.6 ± 1.4 0.061 25.3 ± 2.2 25.0 ± 3.2 0.764
Duration of insulin therapy (years) 18.2 ± 12.7 2.8 ± 1.5 0.03 10.2 ± 8.2 2.5 ± 3.1 0.02
InsAb binding rate (%) n.d 78.9 ± 5.1 – n.d 80.3 ± 10.6 –
K1 (1/10–8 M) n.d 0.015 ± 0.006 – n.d 0.040 ± 0.039 –
R1  (10–8 M) n.d 70.3 ± 31.1 – n.d 61.6 ± 59.9 –
HbA1c (%) 7.8 ± 0.5 8.1 ± 2.3 0.68 8.0 ± 0.7 8.8 ± 2.1 0.131
Insulin administration method
MDI 9 1 7 5
CSII 3 2 0 0
Premixed insulin 0 1 5 3
Basal insulin only 0 0 11 0
Antidiabetic medications
DPP-4 inhibitors 0 0 11 0
GLP-1 receptor agonists 0 0 9 0
Sulfonylureas 0 0 6 2
Biguanides 0 1 19 4
Thiazolidinediones 0 0 1 1
SGLT-2 inhibitors 0 0 5 0
Alpha-glucosidase inhibitors 0 4 10 4
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where InsAb properties were improved by glucocorticoids, 
plasmapheresis [22–24], the addition of antidiabetic drug 
[26, 27], or switching of insulin products [28, 29]. Such 
cases have been reported regardless of whether in T1D 

[21–23, 25, 27] or T2D [20, 26, 27, 29]. Therefore, InsAb 
with properties of high binding capacity and low affin-
ity seemed to be involved in plasma glucose fluctuations 
regardless of disease type. On the other hand, these reports 

Fig. 1  Comparison of GA between InsAb negative (open columns) 
and InsAb positive (shaded columns) diabetic patients, left panel for 
type 1 diabetes, right panel for type 2 diabetes, respectively. The fig-
ure shows the individual plots of GA values. In left panel, in type 1 
diabetes, n = 12 for InsAb negative patients (GA = 23.4 ± 1.6%), n = 4 
for InsAb positive patients (GA = 31.4 ± 12.4%). The unpaired Stu-
dent’s t-test was performed for the comparison of two groups. As a 

result, the P value is 0.03. In right panel, in type 2 diabetes, n = 24 
for InsAb negative patients (GA = 21.1 ± 4.7%), n = 8 for InsAb posi-
tive patients (GA = 29.5 ± 10.3%). The unpaired Student’s t-test was 
performed for the comparison of two groups. As a result, the P value 
is 0.003. *P < 0.05, **P < 0.01, InsAb insulin antibody, T1D type 1 
diabetes, T2D type 2 diabetes

Fig. 2  Comparison of the GA/HbA1c ratio between InsAb nega-
tive (open columns) and InsAb positive (shaded columns) diabetic 
patients, left panel for type 1 diabetes, right panel for type 2 diabe-
tes, respectively. The figure shows the individual plots of GA/HbA1c 
values. In left panel, in type 1 diabetes, n = 12 for InsAb negative 
patients (GA/HbA1c = 2.99 ± 0.22), n = 4 for InsAb positive patients 
(GA/HbA1c = 3.78 ± 0.63). The unpaired Student’s t-test was per-

formed for the comparison of two groups. As a result, the P value 
is 0.001. In right panel, in type 2 diabetes, n = 24 for InsAb negative 
patients (GA/HbA1c = 3.36 ± 0.79), n = 8 for InsAb positive patients 
(GA/HbA1c = 2.61 ± 0.48). The unpaired Student’s t-test was per-
formed for the comparison of two groups. As a result, the P value 
is 0.003. *P < 0.05, **P < 0.01, InsAb insulin antibody, T1D type 1 
diabetes, T2D type 2 diabetess
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were all case reports, while the present study demonstrated 
the fact using multiple cases.

In the past, there was no measure other than repeating 
SMBG to demonstrate plasma glucose fluctuations, and 
identification of nocturnal plasma glucose fluctuations was 
particularly difficult. In recent years, CGM (continuous glu-
cose monitoring) [30] and isCGM (intermittently scanned 
continuous glucose monitoring) [31] have become available 
to confirm plasma glucose fluctuations. However, these test 
methods are not available in all institutions. On the other 
hand, HbA1c and GA can be measured at many medical 
institutions.

The plasma glucose fluctuations index the GA/HbA1c 
ratio used in the present study reportedly correlated with 
the plasma glucose fluctuations index (SD) calculated from 
the CGM data [14]. In addition, there are not enough data in 
epidemiological studies on the relationship between diabetic 
complications and glucose fluctuation evaluated by CGM. In 
the Hisayama Study, the GA / HbA1c ratio as an indicator of 
blood glucose fluctuation was significantly associated with 
the risk of Alzheimer’s disease with or without impaired 
glucose tolerance [32]. Thus, the GA/HbA1c ratio is con-
sidered to be an important indicator. Furthermore, it was 
reported that IAS patients had higher GA or GA/HbA1c 
ratios [17], possibly because InsAb with properties of high 
binding capacity and low affinity noted in IAS was related to 
higher GA/HbA1c ratios via enhanced plasma glucose fluc-
tuations. In the results from the present study, the patients 
having InsAb with properties of high binding capacity and 
low affinity had higher GA/HbA1c ratio even with insulin 
therapy, suggesting possible enhancement of plasma glucose 
fluctuations. It was also suggested that InsAb with high bind-
ing capacity and low affinity might enhance plasma glucose 
fluctuations in patients receiving insulin therapy.

Accordingly, measurement of the GA/HbA1c ratio in dia-
betic patients can differentiate patients with greater plasma 
glucose fluctuations, and if InsAb is positive, the antibodies 
are expected to have the high binding capacity and low affin-
ity. In such cases, it is important to perform the Scatchard 
analysis to identify InsAb properties. If the analysis reveals 
that the InsAb has the high binding capacity and low affinity, 
switching of therapy should be considered. Measurement 
of the GA/HbA1c ratio is useful as a screening tool to dif-
ferentiate such patients.

The present study had several limitations. First, the num-
ber of cases was relatively few. However, diabetes mellitus 
having InsAb with properties of high binding capacity and 
low affinity is a rare disease, and only 42 diabetic patients 
were reported to have such InsAb as far as we researched. 
Therefore, the present study accumulated relatively as many 
as 16 cases. Even if the sample size was actually calculated 
with reference to the previous reports, the number of sub-
jects in this study was not a major problem. Second, the 

study also had the limitation that actual plasma glucose fluc-
tuations in the subject cases and controls could not be evalu-
ated by CGM and SMBG. However, previous reports [14, 
15] have shown an association between GA / HbA1c ratio 
and glycemic fluctuations evaluated by CGM and SMBG. 
Third, although patients receiving insulin therapy having 
InsAb with high binding capacity and low affinity were 
known to have the condition improved by glucocorticoids, 
immunosuppressants, or switching of the type of insulin, 
no study has been performed on whether these therapies 
reduced GA or the GA/HbA1c ratio either. Furthermore, 
insulin secretory capacity is also an important factor in gly-
cemic fluctuation, it was not included in the analysis of this 
study. These are also issues to be considered in the future.

In conclusion, diabetic patients having InsAb with high 
binding capacity and low affinity have higher plasma glucose 
fluctuations indices GA and the GA/HbA1c ratio.

Acknowledgements We conducted this research and observed the 
Declaration of Helsinki and current ethical codes, and the research 
was approved by the ethics committee of Kobe University Graduate 
School of Medicine [approval number of Ethics Committee 180172] 
at November 26, 2018.

Declarations 

Conflict of interest The authors declare no conflicts of interest associ-
ated with this manuscript.

References

 1. Fineberg SE, Kawabata TT, Finco-Kent D, Fountaine RJ, Finch 
GL, Krasner AS. Immunological responses to exogenous insulin. 
Endocr Rev. 2007;28:625–52.

 2. Kahn CR, Rosenthal AS. Immunologic reactions to insulin: insu-
lin allergy, insulin resistance, and the autoimmune insulin syn-
drome. Diabetes Care. 1979;2:283–95.

 3. Eguchi Y. Scatchard analysis of insulin autoantibodies in the 
insulin autoimmune syndrome. Tokyo Joshi Ikadaigaku Zasshi. 
1989;59:1296–305.

 4. Baxter RC, Yue DK, Turtle JR. Equilibrium binding stud-
ies of insulin antibodies in diabetic subjects. Clin Chem. 
1976;22:1089–94.

 5. Hu X, Chen F. Exogenous insulin antibody syndrome (EIAS): 
a clinical syndrome associated with insulin antibodies induced 
by exogenous insulin in diabetic patients. Endocr Connect. 
2018;7:R47-55.

 6. Hirota Y, Ogawa W, Murawaki A, Nishiumi T, Komada H, Miyake 
K, Sakaguchi K, Kasuga M. Deterioration of glycaemic control 
associated with anti-insulin antibodies likely induced by health 
supplements. Diabet Med. 2009;26:948–51.

 7. Yoshida M, Murakami M, Ogawa K, Asai M, Miyata M, Maeda H, 
Oiso Y. Repeated hypoglycemia caused by the overproduction of 
anti-insulin antibodies and isolated ACTH deficiency in a type 2 
diabetic patient receiving insulin therapy. Diabetes Care. 2013;36: 
e22.

 8. Uchigata Y, Kuwata S, Tsushima T, Tokunaga K, Miyamoto M, 
Tsutchikawa K, Hirata Y, Juji T, Omori Y. Patients with Graves’ 
disease who developed in- sulin sutoimmune syndrome (Hirata’ 



231Glycated albumin (GA) and the GA/HbA1c ratio are higher in diabetic patients positive for insulin…

1 3

disease), possess HLA-Bw62/Cw4/DR4 carrying CRB1*0406. J 
Clin Endocrinol Metab. 1993;77:249–54.

 9. Ishida Y, Ohara T, Okuno Y, Ito T, Hirota Y, Furukawa K, Sakagu-
chi K, Ogawa W, Kasuga M. Alpha-lipoic acid and insulin autoim-
mune syndrome. Diabetes Care. 2007;30:2240–1.

 10. Tahara Y, Shima K. Kinetics of HbA1c, glycated albumin, and 
fructosamine and analysis of their weight functions against pre-
ceding plasma glucose level. Diabetes Care. 1995;18:440–7.

 11. Suwa T, Ohta A, Matsui T, Koganei R, Kato H, Kawata T, Sada Y, 
Ishii S, Kondo A, Murakami K, Katabami T, Tanaka Y. Relation-
ship between clinical markers of glycemia and glucose excursion 
evaluated by continuous glucose monitoring (CGM). Endocr J. 
2010;57:135–40.

 12. Tsutsumi C, Imagawa A, Onishi M, Sano H, Nakagawa S, 
Murase-Mishiba Y, Terasaki J, Hanafusa T. Glycated albumin 
as a useful clinical biomarker for glycemic variability in type 1 
diabetes assessed by continuous glucose monitoring. Diabetol Int. 
2013;4:156–9.

 13. Koga M, Murai J, Saito H, Kasayama S. Glycated albumin and 
glycated hemoglobin are influenced differently by endogenous 
insulin secretion in patients with type 2 diabetes. Diabetes Care. 
2010;33:270–2.

 14. Ogawa A, Hayashi A, Kishihara E, Yoshino S, Takeuchi A, Shi-
chiri M. New indices for predicting glycaemic variability. PLoS 
ONE. 2012;7: e46517.

 15. Yoshiuchi K, Matsuhisa M, Katakami N, Nakatani Y, Sakamoto 
K, Matsuoka T, Umayahara Y, Kosugi K, Kaneto H, Yamasaki 
Y, Hori M. Glycated albumin is a better indicator for glucose 
excursion than glycated hemoglobin in type 1 and type 2 diabetes. 
Endocr J. 2008;55:503–7.

 16. Hirata Y. Methimazole and insulin autoimmune syndrome with 
hypoglycemia. Lancet. 1983;2:1037–8.

 17. Koga M, Inada S, Taniguchi J, Nakatani Y, Yoshino H, Yoshino G, 
Okauchi Y, Mineo I. High glycated albumin (GA) levels and the 
GA/HbA1c ratio in patients with insulin autoimmune syndrome. 
Diabetol Int. 2016;8:199–204.

 18. Kashiwagi A, Kasuga M, Araki E, et al. International clinical har-
monization of glycated hemoglobin in Japan: From Japan Diabetes 
Society to National Glycohemoglobin Standardization Program 
values. Diabetol Int. 2012;3:8–10.

 19. Kouzuma T, Usami T, Yamakoshi M, Takahashi M, Imamura S. 
An enzymatic method for the measurement of glycated albumin 
in biological samples. Clin Chim Acta. 2002;324:61–71.

 20. Greenfield JR, Tuthill A, Soos MA, Semple RK, Halsall DJ, 
Chaudhry A, O’Rahilly S. Severe insulin resistance due to anti-
insulin antibodies: response to plasma exchange and immunosup-
pressive therapy. Diabet Med. 2009;26:79–82.

 21. Su CT, Lin YC. Hyper insulinemic hypoglycemia associated with 
insulin antibodies caused by exogenous insulin analog. Endocrinol 
Diabetes Metab Case Rep. 2016;2016:16–0079.

 22. Matsuyoshi A, Shimoda S, Tsuruzoe K, Taketa K, Chirioka T, 
Sakamoto F, Sakakida M, Miyamura N, Araki E. A case of slowly 
progressive type 1 diabetes with unstable glycemic control caused 
by unusual insulin antibody and successfully treated with steroid 
therapy. Diabetes Res Clin Pract. 2006;72:238–43.

 23. Honda M, Kawashima Y, Kawamura H, Fujikawa H, Kikuchi K, 
Ohashi H, Mori Y, Miyakawa H, Ishibashi M. Acute liver dys-
function complicated with uncontrollable glycemia due to insu-
lin antibody: successful treatment with glucocorticoid and lispro 
insulin. Intern Med. 2006;45:1225–9.

 24. Taya N, Kato K, Oida T, Mitsui E, Taki H. A case of diabetes 
mellitus with fasting hyperglycemia due to changes in the charac-
teristics of insulin antibodies after the administration of an insulin 
analogue (Glargine). J Japan Diab Soc. 2019;62:170–7.

 25. Segal T, Webb E, Viner R, Pusey C, Wild G, Allgrove J. Severe 
insulin resistance secondary to insulin antibodies: successful 
treatment with the immunosuppressant MMF. Pediatr Diabetes. 
2008;9:250–4.

 26. Murakami A, Nomiyama T, Takahashi H, Kita S, Yamao Y, 
Hamanoue N, Motonaga R, Tanabe M, Yanase T, Kawanami 
D. The effect of GLP-1 receptor agonist dulaglutide on aggra-
vated glycemic control due to anti-insulin antibody in a patient 
with type 2 diabetes mellitus: a case report. J Japan Diab Soc. 
2020;63:139–45.

 27. Hayashi A, Takano K, Kawai S, Shichiri M. SGLT2 inhibitors 
provide an effective therapeutic option for diabetes complicated 
with insulin antibodies. Endocr J. 2016;63:187–91.

 28. Lahtela JT, Knip M, Paul R, Antonen J, Salmi J. Severe antibody-
mediated human insulin resistance: successful treatment with the 
insulin analog lispro A case report. Diabetes Care. 1997;20:71–3.

 29. Itoh A, Saisho Y, Mitsuishi M, Oikawa Y, Kawai T, Tanaka M, 
Shimada A, Itoh H. Insulin glulisine may ameliorate nocturnal 
hypoglycemia related to insulin antibody–a case report. Diabetes 
Res Clin Pract. 2011;94:e53–4.

 30. Vazeou A. Continuous blood glucose monitoring in diabetes treat-
ment. Diabetes Res Clin Pract. 2011;93:S125–30.

 31. Bailey T, Bode BW, Christiansen MP, Klaff LJ, Alva S. The per-
formance and usability of a factory-calibrated flash glucose moni-
toring system. Diabetes Technol Ther. 2015;17:787–94.

 32. Mukai N, Ohara T, Hata J, Hirakawa Y, Yoshida D, Kishimoto 
H, Koga M, Nakamura U, Kitazono T, Kiyohara Y, Ninomiya T. 
Alternative measures of hyperglycemia and risk of alzheimer’s 
disease in the community: The Hisayama study. J Clin Endocrinol 
Metab. 2017;102:3002–10.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Glycated albumin (GA) and the GAHbA1c ratio are higher in diabetic patients positive for insulin antibodies with high binding capacity and low affinity
	Abstract
	Introduction
	Subjects and methods
	Subjects
	Measurement
	Statistical analyses

	Results
	Discussion
	Acknowledgements 
	References




