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Background: Dysimmunity plays a key role in diabetes, especially type 1 diabetes mellitus. Islet-specific autoantibodies (ISAs)
have been used as diagnostic markers for different phenotypic classifications of diabetes. This study was aimed to explore the rela-
tionships between ISA titers and the clinical characteristics of diabetic patients.

Methods: A total of 509 diabetic patients admitted to Department of Endocrinology and Metabolism at the Affiliated Hospital of
Nantong University were recruited. Anthropometric parameters, serum biochemical index, glycosylated hemoglobin, urinary
microalbumin/creatinine ratio, ISAs, fat mass, and islet p-cell function were measured. Multiple linear regression analysis was
performed to identify relationships between ISA titers and clinical characteristics.

Results: Compared with autoantibody negative group, blood pressure, weight, total cholesterol (TC), low density lipoprotein cho-
lesterol (LDL-C), visceral fat mass, fasting C-peptide (FCP), 120 minutes C-peptide (120minCP) and area under C-peptide curve
(AUCc») of patients in either autoantibody positive or glutamate decarboxylase antibody (GADA) positive group were lower.
Body mass index (BMI), waist circumference, triglycerides (TGs), body fat mass of patients in either autoantibody positive group
were lower than autoantibody negative group. GADA titer negatively correlated with TC, LDL-C, FCP, 120minCP, and AUCcp.
The islet cell antibody and insulin autoantibody titers both negatively correlated with body weight, BMI, TC, TG, and LDL-C. Af-
ter adjusting confounders, multiple linear regression analysis showed that LDL-C and FCP negatively correlated with GADA titer.
Conclusion: Diabetic patients with a high ISA titer, especially GADA titer, have worse islet -cell function, but less abdominal
obesity and fewer features of the metabolic syndrome.

Keywords: Diabetes mellitus; Diabetic angiopathies; Glutamate decarboxylase; Insulin-secreting cells; Islet cell antibody; Meta-
bolic syndrome

INTRODUCTION

Islet-specific autoantibodies are key markers of type 1 diabetes
mellitus (T1IDM) related autoimmunity and their titers are mea-
sured in variety of clinical and research settings, including for
the diagnosis of TIDM [1]. Currently, four proteins have been
confirmed to be autoantigens for islet-specific autoantibodies:

insulin [2], glutamic acid decarboxylase [3], the protein tyrosine
phosphatase-like protein IA-2 [4], and zinc transporter 8 [5].
Tuomi et al. [6] proposed a subtype of TIDM that was named
latent autoimmune diabetes in adult (LADA). Patients with
LADA have a similar genetic background and immune charac-
teristics to those with T1DM, and it is characterized by slowly-
progressing immune-mediated (3-cell pathology and decline in
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B-cell function. Because the loss of B-cell function is slower
than in TIDM, the early clinical characteristics of LADA are
similar to those of type 2 diabetes mellitus (T2DM). At pres-
ent, the diagnostic criteria of LADA remain controversial.
Currently, the most recognized diagnostic criteria are those of
the International Diabetic Immunology Society (IDS) [7],
which comprise (1) adult onset; (2) islet autoantibody-positivi-
ty; (3) lack of insulin dependence for at least 6 months after di-
agnosis. As specific markers of immune destruction of islet
B-cells, islet autoantibody can be used to distinguish LADA
from T2DM. These antibodies include islet cell antibody
(ICA), insulin autoantibody (IAA), glutamate decarboxylase
antibody (GADA), protein tyrosine phosphatase antibody (IA-
2A), and zinc transporter 8 antibody (ZnT8A) [8].

A study by Tuomi et al. [9] found that the metabolic syn-
drome is more common in patients with LADA than classic
T1DM. In addition, a study conducted in Spain showed that
the obesity parameters, blood pressure and the circulating tri-
glyceride (TG) concentration in patients with LADA are high-
er than in those with T1DM, but lower than in those with
T2DM [10]. These studies suggest that diabetic patients with
positive islet autoantibodies have fewer metabolic defects than
patients with negative antibodies. Lohmann et al. [11] pro-
posed the concepts of LADA-1 and LADA-2 in 2001. The clini-
cal characteristics of LADA patients with positive GADA, ICA,
and high titer GADA are phentotypically closer to patients
with T1DM, which is called LADA-1 type. In contrast, patients
who clinically more closely resemble T2DM patients, are posi-
tive for a single autoantibody, and have low autoantibody titers,
are classified as having LADA-2. Recent studies have shown
that positive autoantibody titer, especially GADA titer, are re-
alted to the clinical characteristics of patients with LADA [12-
14]: LADA patients with a high GADA titer (LADA-1) have
characteristics more similar to T1DM than T2DM (low C-
peptide concentration, low body mass index [BMI], and a
greater predisposition toward ketosis); whereas patients with a
lower GADA titer (LADA-2) are less likely to develop ketosis
than patients with LADA-1, and the prevalences of obesity, hy-
pertension, dyslipidemia, and cardiovascular disease are high-
er. Similar results were also obtained in a Korean study, in
which GADA titer negatively correlated with the age of onset,
total cholesterol (TC) and TG concentrations, BMI, and fast-
ing and postprandial C-peptide concentrations; and positively
correlated with glycosylated hemoglobin (HbAlc) and high
density lipoprotein cholesterol (HDL-C) concentration [15].
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A number of studies have confirmed an inverse relationship
between GADA titer and C-peptide concentration [16], and
patients with higher GADA titers show more insulin deficien-
cy [13]. Not only the different autoantibody titers, but also the
different phenotypes of positive autoantibody will affect the
clinical characteristics of LADA patients. Among a group of
about 17,000 subjects affected by LADA, only the subjects with
IA-2A positive will show a more similar clinical phenotype to
T2DM, while the subjects with IA-2A and GADA positive will
show a more similar clinical phenotype to TIDM [17]. Al-
though islet autoantibodies have been widely used for the di-
agnosis of diabetes, most studies of islet autoantibodies con-
ducted in China have been qualitative, with few studies of au-
toantibody titers having been published. Therefore, it remains
to be determined whether the autoantibody titer is related to
metabolic parameters and islet function. In the present study,
we aimed to determine the relationships between the types and
titers of islet-specific autoantibodies and the clinical character-
istics of diabetic patients.

METHODS

Participants

From November 2017 to October 2018, a total of 509 diabetic
patients admitted to the Department of the Endocrinology and
Metabolism at the Affiliated Hospital of Nantong University
were recruited. Diabetes was diagnosed according to the
World Health Organisation diagnostic criteria (1999).

The exclusion criteria were: (1) age <18 years; (2) patients
with other types of diabetes: gestational diabetes, drug-in-
duced diabetes, pancreatic exocrine diseases, and other endo-
crine diseases such as hyperthyroidism; (3) patients with se-
vere acute complications of diabetes, severe liver or kidney
dysfunction, autoimmune diseases, malignant tumors, and
women during pregnancy and lactation; (4) patients with pri-
mary renal disease and eye disease; (5) patients with mental ill-
ness.

This study was approved by the Ethics Committee of Affili-
ated Hospital of Nantong University (ethics No. 2018-k016).
All patients gave their written informed consent.

Clinical characteristics

General information was collected using a questionnaire, in-
cluding age, gender, duration of diabetes, previous medical
history (especially with regard to hypertension and coronary
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heart disease), family history of diabetes, medication status.
The height, weight and waist circumference of the participants
were measured. BMI (kg/m?) was calculated by dividing
weight (kg) by height squared (m?). Blood pressure was mea-
sured using an HEM-7200 (Omron, Kyoto, Japan) electronic
sphygmomanometer.

Laboratory measurements

Venous blood samples were collected in the morning after an
overnight fast of 12 hours. The serum TC, TG, low density li-
poprotein cholesterol (LDL-C), HDL-C, uric acid (UA), and
creatinine (Cr) concentrations were measured using an AD-
VIA2400 automated biochemical analyzer (Siemens, Tarry-
town, NY, USA). HbA1lc was measured using a Variant TM II
hemoglobin analyzer (Bio-Rad, Hercules, CA, USA). Islet-spe-
cific autoantibody titers were measured using a Yahuilong
3000 iFlash chemiluminescence immunoassay (Shenzhen Ya-
huilong Biotechnology, Shenzhen, China). A random urine
sample was obtained from each participant to determine the
urinary microalbumin concentration (BioSystems A25 auto-
matic specific protein analyzer; BioSystems, Barcelona, Spain)
and to calculate the urinary microalbumin/creatinine ratio.
The MDRD formula was used to calculate the estimated glo-
merular filtration rate (eGFR): eGFR (mL/min/1.73 m?)=
186 (Cr)™""**x (age)™**” (x0.742 if female).

Each participant underwent an insulin release test in which
they consumed 100 g of steamed bread on an empty stomach
in the morning, then venous blood was collected 0, 30, 60, 90,
120, 150, and 180 minutes later for the measurement of blood
glucose, and serum insulin and C-peptide concentrations. In-
sulin and C-peptide were measured using an e411 automated
electrochemical luminescence immunoanalyzer (Roche, To-
kyo, Japan).

Each of the participants were screened for diabetic retinopa-
thy and diabetic nephropathy. Diabetic retinopathy [18] was
diagnosed according to the criteria of the International Clinical
Classification of Diabetic Retinopathy (2002). Diagnostic crite-
ria for diabetic nephropathy [19]: eGFR <60 mL/min/1.73 m?
the urinary microalbumin creatinine ratio was reviewed with-
in 3 to 6 months, and the excretion of urinary protein in-
creased in two of the three times (urine albumin/creatinine ra-
tio [UACR] 230 mg/g).

Whole body fat mass and visceral fat mass was measured us-
ing dual energy X-ray absorptiometry (Prodigy; GE Health-
care, Madison, WI, USA).
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Assessment of -cell function and insulin resistance
Homeostatic model assessment was used to estimate basal
B-cell function (HOMA-B) and insulin resistance (HOMA-IR).
HOMA-B=20x fasting insulin (FINS; mIU/L)/[fasting plasma
glucose (FPG; mmol/L)-3.5]; HOMA-IR=FPG (mmol/L) x
FINS (mIU/L)/22.5 [20].

The Matsuda index, which reflects systemic insulin sensitivity,
was also calculated: Matsuda index=10,000/(FPG x FINS x
mean blood glucose x mean insulin)"* [21]. Early islet B-cell se-
cretory function was assessed using the early-phase insulin se-
cretion index (AI30/AG30) [22], in which AI30 and AG30 repre-
sent the increase in insulin concentration and glucose concen-
tration in the 30 minutes following the glucose load, respectively.

The area under the curve (AUC) was calculated using the ir-
regular trapezoidal rule: AUC=15x fasting value+30x (30 min
value+180 min value)+45 x (60 min value+60x 120 min value).
The AUCus, AUCan, and AUCcp represent the areas under the
insulin, glucose, and C-peptide curves, respectively. AUCis/
AUCq1, was used to evaluate insulin secretion within the 180
minutes period [23].

Glucose disposition index (DI) was also used to assess islet
B-cell function: DI=AI30/AG30 (AUCns/ AUCqn) x 1/HOMA-
IR [24].

Autoantibody grouping

The cut-off values of islet-specific autoantibody titers denoting
positivity were: GADA titer >10 IU/mL, IAA titer >1.0 IU/mL,
and ICA titer >1.0 IU/mL. According to their titers, the par-
ticipants were allocated to GADA positive and GADA negative
groups. According to the number of islet autoantibodies (ICA,
GADA, TAA) that each participant was positive for, they were
also allocated to either autoantibody positive group (positive
for > 1 autoantibody) and autoantibody negative group.

Statistical analysis

SPSS version 20.0 software (IBM Co., Armonk, NY, USA) was
used for statistical analysis. Normally-distributed continuous
data was expressed as mean+standard deviations, non-nor-
mally-distributed continuous data was expressed as median
and interquartile ranges, and categorical data are expressed as
numbers and percentages. The independent-samples ¢-test was
used to compare the normally-distributed continuous data be-
tween the two groups. For non-normally-distributed continu-
ous data, non-parametric tests were used for comparison be-
tween groups. Pairwise comparisons among multiple groups
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were performed using a non-parametric test. Comparisons be-
tween categorical datasets were conducted using the chi-
square test. Spearman correlation analysis was used to analyze
the relationships between autoantibody titers and other pa-
rameters. The factors influencing islet autoantibody titer were
identified using multiple linear regression analysis. Differences
were considered significant when P<0.05.

RESULTS

Positive distribution of islet autoantibodies

In this study, the distribution of islet autoantibodies among the
participants is shown in Table 1. The positive rate of GADA,
IAA, ICA, and all three were 17.9%, 12.3%, 29.3%, and 4.9%,
respectively.

Comparison of the clinical characteristics between either
autoantibody positive group and autoantibody negative
group

All the participants were grouped according to their islet auto-
antibody test results. There were 209 participants in either au-
toantibody positive group and 300 participants in autoanti-
body negative group. The clinical characteristics of the two
groups were compared in Table 2. There were no significant
differences in gender composition, duration of diabetes, preva-
lence of diabetic nephropathy, prevalence of macrovascular
complications, HbAlc, HDL-C, UA, eGFR, UACR, FINS, 120
minutes insulin (120minINS), FPG, 120 minutes plasma glu-
cose (120minPG), HOMA-IR, HOMA-f, AI30/AG30, Matsu-
da index, DI, or AUCins/AUCqli between the two groups (all
P>0.05). Compared with the autoantibody negative group, the

Table 1. Positive distribution of islet autoantibodies

GADA ICA IAA No. (%)
+ + + 25(4.9)
+ + = 18 (3.5)
+ - + 6(1.2)
. - - 42(8.3)
- + + 20(3.9)
- - + 98 (19.3)
- + - 0

- - - 300 (58.9)

GADA, glutamic acid decarboxylase antibody; ICA, islet cell anti-
body; IAA, insulin autoantibody.
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average age of patients in either autoantibody positive group
was larger, with lower systolic and diastolic blood pressure,
lower body weight, smaller BMI and waist circumference. In
addition, TC, TG, LDL-C, body fat mass, visceral fat mass,
fasting C-peptide (FCP), 120 minutes C-peptide (120minCP),
and AUCcp were all lower than those in the autoantibody neg-
ative group, and the differences were statistically significant (all
P<0.05). The rate of family history of diabetes in either auto-
antibody positive group was lower than that in all autoanti-
body negative group (8.1% vs. 18.7%, P=0.012), and the inci-
dence of diabetic retinopathy was higher than that in all auto-
antibody negative group (38.8% vs. 28%, P=0.011).

Comparison of the clinical characteristics between GADA
negative group and GADA positive group

There were 418 participants in GADA negative group and 91
in GADA positive group. The comparison of clinical charac-
teristics of the two groups is shown in Table 3. There were no
significant differences in age, duration of diabetes, diastolic
blood pressure, BMI, waist circumference, family history of di-
abetes, prevalence of diabetic retinopathy, prevalence of dia-
betic nephropathy, prevalence of macrovascular complica-
tions, HbAlc, TG, HDL-C, UA, eGFR, UACR, whole body fat
mass, FINS, 120minINS, FPG, 120minPG, HOMA-IR,
HOMA-B, AI30/AG30, Matsuda index, or DI between the two
groups (all P>0.05). Compared with the GADA negative
group, the GADA positive participants were less likely to be
male, and had lower systolic blood pressure and body weight.
TC, LDL-C, visceral fat mass, FCP, 120minCP, AUCcp, and
AUCis/AUCan were all significantly lower in the GADA posi-
tive than in the GADA negative group, and the ICA and IAA
titers were significantly higher (all P<0.05).

Correlation analysis
Analysis of the relationships between GADA titer and various
clinical parameters showed that the GADA titer level of diabet-
ic patients was positively correlated with ICA titer (r=0.458,
P=0.000), and was negatively correlated with TC (r=-0.116,
P=0.009), LDL-C (r=-0.088, P=0.047), FCP (r=-0.152, P=
0.001), 120minCP (r=-0.144, P=0.001), AUCc (r=-0.14,
P=0.002), but there were no significant correlations with the
other parameters (Table 4).

Analysis of the relationships between ICA titer and various
clinical parameters showed that the ICA titer level of diabetic
patients was positively correlated with age, GADA titer, IAA ti-
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Table 2. Comparison of clinical characteristics between either autoantibody positive group and autoantibody negative group

Either autoantibody positive group Autoantibody negative group

Characteristic (1=209) (1=300) Pvalue®
Sex, male/female 115 (55.0)/94 (45.0) 188 (62.7)/112 (37.3) 0.084
Age, yr 58.8+14.4 56.22+14.2 0.038"
Duration of diabetes, yr 8(2-13) 7 (1-13) 0.453
Systolic BP, mm Hg 131£17.5 135.61+18.1 0.004°
Diastolic BP, mm Hg 76.0£11.4 78.1£10.5 0.037°
Weight, kg 65 (58-74.5) 70 (61-79.8) 0.000°
BMI, kg/m’ 23.8(21.4-26.1) 24.7 (22.6-27.7) 0.001¢
Waist, cm 88 (80-95) 90 (84-97) 0.008°
Family history of diabetes 17 (8.1) 47 (15.7) 0.012°
Diabetic retinopathy 81(38.8) 84 (28) 0.011°
Diabetic nephropathy 21(10) 25(8.3) 0.507
Macrovascular complications 16 (7.7) 20(6.7) 0.397
HbAlc, % 9.4(7.9-11.7) 9.9 (8-11.5) 0.555
TC, mmol/L 4.4(3.6-5.4) 4.7 (3.9-5.5) 0.035°
TG, mmol/L 1.3(0.9-2.2) 1.6 (1.0-2.5) 0.029°
HDL-C, mmol/L 1.1 (0.9-1.3) 1.1(0.9-1.3) 0.163
LDL-C, mmol/L 2.6+09 2.8+1.0 0.005°
UA, pmol/L 280 (219.5-335) 283 (229.3-349) 0.227
eGFR, mL/min/1.73 m? 113.5+37.8 118.8+37.4 0.116
UACR, mg/mmol 1.5 (0.8-7.0) 1.5 (0.7-7.3) 0.585
Whole body fat mass, kg 19.9+7.2 21.6+7.7 0.015°
Visceral fat mass, kg 1.1+0.6 1.3+£0.6 0.000¢
FINS, pmol/L 459 (21.8-113.1) 51.3(29.9-83.9) 0.560
120minINS, pmol/L 147.8 (73.2-367.2) 169.5 (90.4-274.1) 0.741
FCP, nmol/L 0.6 (0.4-1.0) 0.7 (0.5-0.9) 0.009¢
120minCP, nmol/L 1.4(0.8-2.1) 1.6(1.1-2.2) 0.007¢
FPG, mmol/L 10.2 (8.6-12.7) 10.5(8.9-13.2) 0.272
120minPG, mmol/L 22.6+5.2 22.2+49 0.421
HOMA-IR 3.0(1.4-7.5) 3.5(2.0-5.9) 0.450
HOMA-B 18.3(9.1-52.2) 20.6 (11.7-33.7) 0.907
AI30/AG30 1.4 (0.4-3.7) 1.9(0.7-3.5) 0.111
Matsuda index 79.1 (32.3-159.8) 67.4 (43.3-115.8) 0.568
DI 0.4 (0.1-1.5) 0.5(0.2-1.5) 0.250
AUCcp 602.9 (359.0-896.8) 677.0 (475.3-935.2) 0.011°
AUCins/AUCal 0.9 (0.4-2.4) 1.0 (0.5-1.6) 0.990
Medical treatment

Insulin 46 (22.0) 38 (12.7)

Oral agents 40 (19.1) 72 (24.0)

Insulin+oral agents 123 (58.9) 190 (63.3)

Lipid-lowering agents 111 (53.1) 162 (54.0) 0.457

Values are presented as number (%), mean + standard deviation, or median (range).

BP, blood pressure; BMI, body mass index; HbAlc, glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; UA, uric acid; eGFR, estimated glomerular filtration rate; UACR, urine albumin/creatinine ratio;
FINS, fasting insulin; 120minINS, 120 minutes insulin; FCP, fasting C-peptide; 120minCP, 120 minutes C-peptide; FPG, fasting plasma glucose;
120minPG, 120 minutes plasma glucose; HOMA-IR, homeostatic model assessment for insulin resistance; HOMA-(, homeostatic model assessment for
B-cell function; AI30, increase of insulin concentration at the 30th minute after the sugar load; AG30, increase of glucose concentration at the 30th min-
ute after the sugar load; DI, glucose disposition index; AUCcs the area under the C-peptide curve; AUCixs, the area under the insulin curve; AUCa, the
area under the glucose curve.

*P values were derived from ¢-test for continuous variables and from the chi-square test for categorical variables, "P<0.05, P<0.01.
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Table 3. Comparison of clinical characteristics between GADA negative group and GADA positive group

Characteristic GADA negative group (n=418) GADA positive group (n=91) Pvalue®
Male/female 261 (62.4)/157 (37.6) 42 (46.2)/49 (53.8) 0.006°
Age,yr 573+14.3 575+14.8 0.882
Duration of diabetes, yr 7 (1-13) 8(1.8-15) 0.337
Systolic BP, mm Hg 134.7+18.4 129.3+15.2 0.004°
Diastolic BP, mm Hg 77.3+10.9 76.8+10.5 0.713
Weight, kg 69.2+12.6 65.1+12.0 0.005°
BMI, kg/m2 24.8+4.0 24.0+4.0 0.065
Waist, cm 90.2+10.4 879+11.3 0.055
Family history of diabetes 57 (13.6) 7(7.8) 0.130
Diabetic retinopathy 135(32.2) 30(33.3) 0.838
Diabetic nephropathy 38(9.1) 8(8.9) 0.957
Macrovascular complications 29 (6.9) 7(7.7) 0.472
HbAlc, % 9.7(7.9-11.4) 9.5(8.1-12.2) 0.459
TC, mmol/L 4.8+14 45+15 0.037¢
TG, mmol/L 1.5 (1.0-2.4) 1.3(0.9-2.3) 0.117
HDL-C, mmol/L 1.1 (0.9-1.3) 1.1 (0.9-1.3) 0.715
LDL-C, mmol/L 2.8£0.9 2.5+0.9 0.028¢
UA, pmol/L 296.0+108.8 283.4+£97.9 0.291
eGFR, mL/min/1.73 m? 116.8+36.7 115.7+41.6 0.798
UACR, mg/mmol 1.6 (0.7-7.4) 1.5 (0.6-4.8) 0.469
Whole body fat mass, kg 21.1+7.6 20.0+7.2 0.201
Visceral fat mass, kg 1.2+0.6 1.1+0.7 0.018°
ICA, IU/mL 0.2(0.1-0.3) 0.9 (0.4-2.6) 0.000°
GADA, IU/mL 2.1(0.6-4.5) 20.5 (12.7-43.2) 0.000°
IAA, IU/mL 0.3(0.1-1.5) 0.4(0.2-1.6) 0.009°
Total autoantibody, TU/mL 3.9(2.0-7.3) 25.1 (15.5-68.7) 0.000°
FINSS, pmol/L 50.6 (27.9-90.7) 41.8(19.9-111.8) 0.245
120minINS, pmol/L 169.2 (88.2-301.7) 119.0 (54.4-315.0) 0.110
FCP, nmol/L 0.7 (0.4-0.9) 0.5(0.2-0.7) 0.000°
120minCP, nmol/L 1.5(1.0-2.2) 1.1 (0.6-1.7) 0.000°
FPG, mmol/L 10.5(8.9-12.9) 10.3 (8.3-13.1) 0.344
120minPG, mmol/L 22.2+49 23.0£5.6 0.171
HOMA-IR 3.5(1.8-6.0) 2.6 (1.3-7.8) 0.235
HOMA-f 20.5 (10.6-36.5) 17.9 (8.3-59.8) 0.770
AI30/AG30 1.7 (0.7-3.6) 1.3(0.3-3.7) 0.199
Matsuda index 67.9 (40.9-124.2) 87.8 (31.6-183.9) 0.233
DI 0.5(0.2-1.4) 0.3(0.1-1.8) 0.337
AUCcp 671.5 (458.7-938.4) 506.2 (292.6-729.9) 0.000°
AUCins/AUCq1 1.0 (0.5-1.8) 0.7 (0.3-2.1) 0.038°
Medical treatment

Insulin 56 (13.4) 28 (30.8)

Oral agents 97 (23.2) 15 (16.5)

Insulin+oral agents 265 (63.4) 48 (52.7)

Lipid-lowering agents 227 (54.3) 46 (50.5) 0.296

Values are presented as number (%), mean+standard deviation, or median (range).

GADA, glutamic acid decarboxylase antibody; BP, blood pressure; BMI, body mass index; HbA1c, glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; UA, uric acid; eGFR, estimated glomerular filtration rate; UACR, urine al-
bumin/creatinine ratio; ICA, islet cell antibody; IAA, insulin autoantibody; FINS, fasting insulin; 120minINS, 120 minutes insulin; FCP, fasting C-peptide;
120minCP, 120 minutes C-peptide; FPG, fasting plasma glucose; 120minPG, 120 minutes plasma glucose; HOMA-IR, homeostatic model assessment for insulin re-
sistance; HOMA-B, homeostatic model assessment for B-cell function; AI30, increase of insulin concentration at the 30th minute after the sugar load; AG30, in-
crease of glucose concentration at the 30th minute after the sugar load; DI, glucose disposition index; AUCcs the area under the C-peptide curve; AUCis, the area
under the insulin curve; AUCa, the area under the glucose curve.

“P values were derived from t-test for continuous variables and from the chi-square test for categorical variables, "P<0.01, ‘P<0.05.
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Table 4. Correlation analysis of GADA titer, ICA titer, and IAA titer

it GADA titer ICA titer TAA titer

R Pvalue* R Pvalue® R Pvalue*
Age, yr 0.007 0.878 0.139 0.002° 0.193 0.000°
Duration of diabetes, yr 0.087 0.050 0.084 0.059 0.120 0.007°
Systolic BP, mm Hg -0.046 0.305 -0.013 0.765 -0.039 0.380
Diastolic BE, mm Hg 0.042 0.348 -0.023 0.610 -0.110 0.013°
Weight, kg -0.047 0.292 -0.155 0.000 -0.138 0.002°
BMI, kg/m? 0.003 0.937 -0.108 0.015¢ -0.108 0.015°
Waist, cm -0.015 0.731 -0.120 0.007° -0.064 0.149
HbAlc, % -0.035 0.432 -0.068 0.128 -0.108 0.015°
TC, mmol/L -0.116 0.009° -0.150 0.001° -0.127 0.004°
TG, mmol/L -0.017 0.710 -0.137 0.002° -0.092 0.037¢
HDL-C, mmol/L -0.063 0.153 -0.013 0.767 0.037 0.406
LDL-C, mmol/L -0.088 0.047¢ -0.134 0.002° -0.167 0.000°
UA, umol/L -0.032 0.469 -0.035 0.435 -0.025 0.577
eGFR, mL/min/1.73 m? 0.004 0.936 -0.113 0.011¢ -0.120 0.077
UACR, mg/mmol -0.050 0.260 -0.061 0.172 0.084 0.059
Diabetic retinopathy -0.019 0.669 0.017 0.701 0.121 0.006°
Diabetic nephropathy -0.030 0.494 0.023 0.612 0.028 0.530
Whole body fat mass, kg 0.029 0.509 -0.082 0.064 -0.081 0.069
Visceral fat mass, kg -0.054 0.227 -0.144 0.001° -0.088 0.048°
GADA, IU/mL - - 0.458 0.000° -0.005 0.911
ICA, IU/mL 0.458 0.000" - - 0.554 0.000°
IAA, IU/mL -0.005 0.911 0.554 0.000° - -
FINS, pmol/L 0.008 0.861 -0.046 0.303 0.070 0.116
120minINS, pmol/L -0.028 0.533 -0.041 0.361 0.077 0.082
FCP, nmol/L -0.152 0.001° -0.169 0.000° -0.029 0.515
120minCP, nmol/L -0.144 0.001° -0.150 0.001° -0.030 0.500
FPG, mmol/L -0.034 0.444 -0.023 0.600 -0.036 0.418
120minPG, mmol/L 0.013 0.766 0.071 0.108 0.025 0.579
HOMA-IR 0.009 0.838 -0.044 0.316 0.063 0.159
HOMA-B 0.028 0.521 -0.032 0.469 0.071 0.109
AI30/AG30 -0.006 0.890 -0.075 0.092 0.000 0.997
Matsuda index -0.010 0.828 0.027 0.545 -0.075 0.090
DI -0.024 0.586 -0.059 0.183 -0.009 0.843
AUCcr -0.140 0.002° -0.143 0.001° -0.018 0.681
AUCns/AUCau -0.015 0.730 -0.035 0.425 0.080 0.072

GADA, glutamic acid decarboxylase antibody; ICA, islet cell antibody; IAA, insulin autoantibody; BP, blood pressure; BMI, body mass index; HbAlc,
glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholester-
ol; UA, uric acid; eGFR, estimated glomerular filtration rate; UACR, urine albumin/creatinine ratio; FINS, fasting insulin; 120minINS, 120 minutes in-
sulin; FCP, fasting C-peptide; 120minCP, 120 minutes C-peptide; FPG, fasting plasma glucose; 120minPG, 120 minutes plasma glucose; HOMA-IR, ho-
meostatic model assessment for insulin resistance; HOMA-f, homeostatic model assessment for B-cell function; AI30, increase of insulin concentration
at the 30th minute after the sugar load; AG30, increase of glucose concentration at the 30th minute after the sugar load; DI, glucose disposition index;
AUCcp, the area under the C-peptide curve; AUCws, the area under the insulin curve; AUCa, the area under the glucose curve.

*Spearman correlation analysis was used to analyze the correlation between autoantibody titers and other parameters, "P<0.01, “P<0.05.
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ter (all P<0.05), and was negatively correlated with body
weight, BMI, waist circumference, TC, TG, LDL-C, eGFR, vis-
ceral fat mass, FCP, 120minCP, and AUCc» (all P<0.05), but
there were no significant correlations with other parameters
(Table 4).

Analysis of the relationships between IAA titer and various
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Fig. 1. Correlation between (A) fasting C-peptide (FCP), (B)
120 minutes C-peptide (120minCP), (C) area under C-peptide
curve (AUCcp) and glutamate decarboxylase antibody (GADA)
titer.
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clinical parameters showed that the TAA titer level of diabetic
patients was positively correlated with age, duration of diabe-
tes, incidence of diabetic retinopathy, ICA titer (all P<0.05),
and was negatively correlated with diastolic BP, body weight,
BMI, HbAlc, TC, TG, and LDL-C (all P<0.05), but there were
no significant correlations with other parameters (Table 4).

After excluding GADA negative participants, the relation-
ships between GADA titer and FCP, 120minCP and AUCcp
was then analyzed. The results showed that GADA titer level in
GADA positive group was negatively correlated with FCP
(r=-0.270, P=0.010), 120minCP (r=-0.246, P=0.019), AUCcp
(r=-0.256, P=0.015) (Fig. 1).

Multiple linear regression analysis of the influencing
factors of the GADA, ICA, and IAA titers

After adjustment for potential confounders, multiple linear re-
gression analysis was performed on GAD, ICA, and IAA titers.
The results showed that when GADA titer was used as the de-
pendent variable, LDL-C and FCP were independently nega-
tively correlated with GADA titer, and ICA titer was indepen-
dently positively correlated with GADA titer (Table 5). When
ICA titer was used as the dependent variable, there were inde-
pendent positive correlations among the GADA, IAA, and
ICA titers (Supplementary Table 1). When IAA titer was used

Table 5. Multiple linear regression analysis of clinical measure-
ments and GADA titer

Variable Model 1 Model 2

B Pvalue B Pvalue
TC, mmol/L -6.507 0.213 -8.061 0.217
LDL-C, mmol/L -16.770 0.033* -41.981 0.013°
ICA, IU/mL 12.326 0.000° 12.287 0.000"
FCP, nmol/L -41.293 0.022° -40.560 0.040°
120minCP, nmol/L  -14.823 0.040° -13.838 0.085
AUCcp -0.038  0.032° -0.036 0.067

Model 1 adjusted for age, gender, duration of diabetes, systolic blood
pressure (BP), diastolic BP, weight, body mass index (BMI), waist cir-
cumference; Model 2 adjusted for age, gender, duration of diabetes,
systolic BP, diastolic BP, weight, BMI, waist circumference, glycosylat-
ed hemoglobin, TC, triglyceride, high density lipoprotein, estimated
glomerular filtration rate, and urine albumin/creatinine ratio.

GADA, glutamic acid decarboxylase antibody; TC, total cholesterol;
LDL-C, low density lipoprotein cholesterol; ICA, islet cell antibody;
FCP, fasting C-peptide; 120minCP, 120 minutes C-peptide; AUCcs,
the area under the C-peptide curve.

*P<0.05.
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as the dependent variable, the duration of diabetes indepen-
dently negatively correlated with IAA titer, and ICA titer inde-
pendently positively correlated with IAA titer (Supplementary
Table 2).

DISCUSSION

Positive rate of islet autoantibodies

Since the late 1970s, evidence of the presence of circulating au-
toantibodies in adult non-insulin-dependent diabetes has
emerged [6,25]. Turner et al. [26] reported consistent evidence
of islet cell autoimmunity in T2DM patients in 1997, with
more than 3,000 T2DM patients between the ages of 25 and 65
recruited at the United Kingdom Prospective Diabetes Study
(UKPDS) trial center, GADA and ICA were found in 12% of
patients; 12% of patients over the age of 65 with T2DM pheno-
type detected GADA and/or IA-2A [27]. In this study, we mea-
sured the titers of GADA, ICA, and IAA only, because of the
experimental conditions. The prevalences of GADA, ICA, and
TAA were 17.9% (91/509), 12.3% (63/509), and 29.3% (149/
509), respectively. In the study of large sample populations in
China, Huang et al. [28] found that the prevalences of GADA
was 5.9% and the prevalences of IAA was 3.39%. In this study,
the positive rate of GADA and IAA was significantly higher
than that reported by Huang et al. [28], which may be due to
different detection methods used or the influence of the use of
insulin on the generation of IAA. In this study, 76.5% of IAA-
positive patients were treated with insulin, which may be one
of the reasons for high prevalence of IAA.

Islet autoantibodies and metabolic characteristics

The European Action LADA multicenter study found that the
prevalence of metabolic syndrome in LADA patients was simi-
lar to that in TIDM patients, lower than that in T2DM patients
[29]. Similarly, a multicenter study conducted in China found
that the prevalence of metabolic syndrome in LADA patients
was slightly lower than in T2DM patients, but higher than in
T1DM patients [30]. Li et al. [31] found that LADA-1 patients
tended to be thinner, have higher autoantibody titers and fewer
features of the metabolic syndrome, whereas LADA-2 patients
were similar to T2DM patients, being autoantibody positive
but having low titers and more features of metabolic syn-
drome. Taken together, the results of these studies suggest that
islet autoantibody titer is closely related to the metabolic status
of diabetic patients.

412

In the present study, we analyzed the difference in metabolic
parameters between either autoantibody positive and autoan-
tibody negative participants. The results showed that partici-
pants who were positive for any autoantibody (GADA, ICA, or
TAA) tended to be older than those who were not, and had
lower blood pressure,weight, BMI, waist circumference, blood
lipids, and body fat mass. Thus, islet autoantibody positive pa-
tients are more likely to be older, thinner, and to have lower
circulaiting lipid concentrations. Similarly, the blood pressure,
body mass, blood lipid concentrations, and visceral fat mass of
the GADA positive group were lower than those of the GADA
negative group, which is consistent with previous findings.
Therefore, early screening for islet autoantibodies may be use-
ful in diabetic patients with these characteristics, to improve
the diagnostic success for LADA.

We also performed correlation analyses which showed that
the ICA and IAA titers negatively correlated with body mass,
BMI, TC, TG, and LDL-C. Therefore, we can speculate that the
higher the ICA or IAA titer is, the less likely the patient is to
develop metabolic syndrome. Correlation analysis of GADA
titer showed positive correlation with ICA titer and negative
correlation with TC and LDL-C. Multiple linear regression
analysis was performed after correction for potential con-
founding factors, which showed that LDL-C was negatively
correlated with GADA titer, and ICA titer was positively corre-
lated with GADA titer. However, multiple linear regression
analysis of the ICA and IAA titers showed that they did not in-
dependently correlate with any metabolic parameters. This in-
dicates that GADA titer is most closely related to lipid metabo-
lism among the three islet autoantibodies studied.

Islet autoantibodies and islet p-cell function

Several studies have confirmed that GADA titers are inversely
related to C-peptide concentration [16]. UKPDS [32] showed
that GADA can predict islet function in LADA patients. Fur-
ther studies have found that patients with low GADA titers
have a slower decline in islet function, while patients with high
GADA titers have a faster decline in islet function. Therefore,
GADA titers are considered to predict changes in islet function
decline in patients [33]. Early recognition of GADA-positive
(especially high GADA titers) and early intervention therapy
can significantly delay the decline in islet function. In the pres-
ent study, we found that patients with positive antibodies in
any of GADA, ICA, and IAA had lower FCP, 120minCP, and
AUCcy than patients lacking these autoantibodies. In addition,
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the FCP, 120minCP, AUCcp, and AUCns/AUCq in GADA
positive group were lower than those in the GADA negative
group, suggesting that the presence of any islet autoantibody,
especially GADA, predicted worse islet function. In addition,
this study also found that with the increase of FCP, the patient’s
ICA and GADA titers showed a trend of decline, indicating
that the better the islet function, the lower the positive titer of
islet autoantibodies, so islet autoantibody titer can effectively
reflect the islet function in diabetic patients. This finding is
consistent with those of previous studies, and together, these
findngs imply that early detection of islet autoantibodies can be
used to predict islet function and suggest the need for early in-
tervention to protect function. Further analysis of the correla-
tion between GADA titer and islet function related parameters
showed that GADA titer negatively correlated with FCP,
120minCP, and AUCcp. The results of multiple linear regres-
sion analysis indicated that the FCP independently negatively
correlated with the GADA titer, confirming that C-peptide
concentration tends to be lower when GADA titer is high.

The prevalence of ICA in this study is low (12.3%). IAA rep-
resents a group of antibodies against insulin that can prevent
insulin from having its biological effects. The half-life of these
antibodies is short, and their prevalence decreases with the in-
crease of age. Current detection methods cannot distinguish
endogenous IAA from antibodies produced after insulin appli-
cation, so IAA is limited in clinical application. In this study,
the positive rate of IAA was relatively high due to the failure to
exclude patients treated with insulin. The results of correlation
analysis of JAA showed that the TAA titer positively correlated
with the duration of diabetes. The reason may be that with the
longer duration of diabetes, more patients needed insulin ther-
apy, which caused the IAA titer increased subsequently.

Islet autoantibodies and vascular complications

There is no consistent opinion on the differences of microvas-
cular complications between T1DM, T2DM, and LADA pa-
tients, which may be due to heterogeneity in previous studies
with respect to sample size, ethnicity, and disease duration.
Isomaa et al. [34] compared the complications in patients with
long-standing LADA, T2DM, or T1DM. The results showed
that the prevalence of microvascular complications in LADA
patients was similar to that in classic TIDM patients, and the
prevalence of retinal and renal diseases was not significantly
different from that in T2DM patients. Other studies have com-
pared the prevalences of complications in patients with LADA
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or T2DM of short duration, and showed that the prevalence of
microalbuminuria is lower in patients with LADA of short du-
ration than in T2DM patients [35]. In a cross-sectional study
conducted in China, the prevalences of nephropathy and reti-
nopathy in LADA patients with a disease duration of less than
5 years was observed to be lower than in patients with T2DM,
but no difference was observed in patients with a disease dura-
tion more than 5 years [36]. This may be due to the fact that
T2DM patients are usually diagnosed later than LADA pa-
tients, and prolonged exposure to hyperglycemia increases the
incidence of microvascular complications. As for the correla-
tion between autoantibody titers and chronic complications of
LADA, Jensen et al. [37] studied and found that LADA pa-
tients with high GADA titers had an increased risk of diabetic
retinopathy after follow-up for 15 years.

In this study, compared with the antibody negative group, the
prevalence of diabetic retinopathy was higher in either antibody
positive group, but there was no significant difference in the
duration of diabetes or the prevalence of macrovascular com-
plications between the two groups. Furthermore, there were no
differences in the prevalences of diabetic nephropathy, diabetic
retinopathy, or macrovascular complications between GADA
positive and negative participants, which may be because of the
relatively short duration of diabetes and the smaller sample size,
or the relatively close correlations between ICA, IAA and the
prevalence of microvascular complications. Further prospective
studies are needed to investigate the relationship between islet
autoantibodies and microvascular complications.

Limitations
This is a one-center cross-sectional study. It can only observe
the correlation between islet autoantibodies and clinical char-
acteristics, failing to judge the causal relationship, which needs
to be verified by further prospective studies. Previous studies
have found that LADA is associated with human HLA-II
genes, but we were unable to sequence these genes in the pres-
ent study participants. Future studies should involve the genet-
ic testing of participants, in order to further explore the rela-
tionship between islet autoantibodies and gene expression.
The most widely recognized diagnostic criteria for LADA
are currently those of the IDS [7]: (1) adult onset; (2) islet auto-
antibody-positivity; (3) lack of insulin dependence for at least
6 months after diagnosis. Since the subjects included in this
study were all inpatients with poor blood glucose control, and
alarge proportion of patients had already started insulin thera-
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py before the islet autoantibody test, so it is difficult to distin-
guish between these types of patients. The clinical phenotype
of LADA is highly heterogeneous, combining the characteris-
tics of T1IDM and T2DM, which can be expressed as classic
T1DM with absolute insulin deficiency, or as T2DM with obe-
sity and insulin resistance [38]. Therefore, it would not be ap-
propriate to distinguish the type of diabetes according to the
clinical phenotype alone. Due to the small sample size, in order
to facilitate statistical analysis, participants in this study were
not classified according to TIDM, T2DM and LADA. There-
fore, specific classification of participants can be conducted on
the basis of expanding sample size to explore relevant factors
of islet autoantibody titer in different types of diabetes.

Future prospects

There may be other islet-related autoantibodies that have not
been identified yet. In the future, ZnT8A and other newly dis-
covered antibodies should also be studied. Long-term follow-
up studies are required to determine whether the type of anti-
body or its titer can predict the rate of decline in islet function
in diabetic patients.

In conclusion, diabetic patients with high titers of islet-spe-
cific autoantibodies, especially GADA titer, have worse islet
B-cell function, but less abdominal obesity and fewer features
of the metabolic syndrome.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
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