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Background: A high seropositive rate of thyroid autoantibodies is often reported in patients with type
1 diabetes mellitus (T1DM), latent autoimmune diabetes in adults (LADA) and type 2 diabetes mellitus
(T2DM). However, the positive rate of thyroid autoantibodies in latent autoimmune diabetes in youth
(LADY) patients has not been reported in China. Thus, the purpose of the current study was to clarify the
thyroid autoantibody distribution in patients with LADY to provide evidence for the clinical screening of
autoimmune thyroid diseases (AITD).

Methods: This nationwide, multicenter and cross-sectional study included 1,723 younger patients
(<30 years old) and 2,000 older patients (>30 years old) aged 15 to 79 years. The patients were grouped into
younger TIDM (n=281), LADY (n=130), younger T2DM (n=200), older TIDM (n=287), LADA (n=129),
and older T2DM (n=200) groups. Autoantibodies against thyroid peroxidase (TPOA) and thyroglobulin
(TGA) prevalence were analyzed in each group.

Results: The prevalence of TGA or TPOA in LADY patients was similar to that in younger T1DM
patients. The seropositive rate of TPOA in LADY patients was higher than that in LADA patients (36.2% vs.
23.3%, respectively; P=0.023); the risk of TPOA was higher in LADY patients than in LADA patients, even
after adjusting for sex, glutamic acid decarboxylase (GADA)- and insulinoma-associated-2 (IA-2A)-positivity
(OR =1.94, P=0.023). LADY patients with high GADA titers exhibited a higher frequency of thyroid
autoantibodies than patients with low GADA titers did (TPOA, P=0.005; TGA, P=0.023; TPOA or TGA,
P=0.004). Further analysis showed that only male patients showed a strong association between high GADA
titers and thyroid autoantibodies positivity, and the association remained significant after adjustment for age
(OR =11.14, P=0.025 for TGA; OR =4.99, P=0.011 for TPOA; OR =5.52, P=0.007 for TPOA or TGA).
Conclusions: Routine screening for thyroid autoantibodies is recommended in LADY patients, and
special clinical attention should be paid to the thyroid autoantibodies status of male patients of LADY with
high GADA titers to identify patients at high risk of developing AITD.

Keywords: Latent autoimmune diabetes in youth (LADY); thyroid autoantibody; autoimmune thyroid disease
(AITD); male
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Introduction

Type 1 diabetes mellitus (T1DM) is generally divided into
rapidly progressive insulin-dependent diabetes mellitus
(RPIDDM) and slowly progressive insulin-dependent
diabetes mellitus (SPIDDM) according to the speed
of progression of beta cell autoimmunity. SPIDDM is
also named latent autoimmune diabetes (LAD), “hybrid
diabetes”, “type 1.5 diabetes (T'1.5D)” and “double diabetes
(DD)” (1,2). Regarding onset age, LAD is grouped into
LAD in youth (LADY) and LAD in adults (LADA); the
most widely used cutoff age between LADY and LADA is
30 years, as defined by the Immunology of Diabetes Society
(IDS) in 2005 (3). Compared with LADA patients, LADY
patients have received insufficient attention, especially
in China, and many related publications are case reports
or small sample studies (4-6). The prevalence of islet
autoantibodies in youth type 2 diabetes mellitus (T2DM)
patients ranges from 1.05% to 75% in different countries
and populations (7). The onset characteristics of LADY
are similar to those of LADA and include noninsulin-
dependent diabetes with beta cell autoantibodies and similar
early clinical manifestations to T2DM. Studies have shown
important differences in insulin sensitivity, insulin secretion
metabolism, therapy method, susceptible human leukocyte
antigen (HLA) genetic load and cytokine levels between
LADY and youth T2DM patients (8-10), which deepens
our knowledge of LADY. However, few studies have
reported the incidence of comorbidities in LADY patients.
The link between DM and thyroid disease has long been
recognized. Many studies have described a higher incidence
of thyroid disease in DM patients than in the general
population, and autoimmune thyroid disease (AITD) is the
most common autoimmune disorder coexisting with DM,
particularly with autoimmune DM (ADM) (11,12). AITD
is characterized by the presence of thyroid peroxidase
autoantibody (TPOA) and thyroglobulin autoantibody
(T'GA); similarly, a higher frequency of TPOA or TGA
indicates a higher risk of AITD (13). According to our
estimates based on observations over recent years, the
seroprevalence rates of positive thyroid autoantibodies
in DM patients are 12.3-27.2% in patients with younger
T1DM (14-16), 10-32% in patients with LADY (17,18),
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24.4-35.8% in patients with older T1DM (19,20), 16.3—-
41% in patients with LADA (11,21,22) and 8-45% in
patients with T2DM (17,23). Among those reports, reports
on LADY are extremely scarce, and none of them are from
the Chinese population, in which the base of ADM is the
largest and the genetic background is different from that
of the Caucasians population. Simultaneously, the thyroid
autoantibodies positive rate is closely related to sex and
glutamic acid decarboxylase (GADA) titers (21). Thus,
studying the prevalence of thyroid autoantibodies in LADY
patients and stratifying patients according to sex and GADA
titers are crucial for prioritizing the clinical screening of
patients who are prone to AITD.

Therefore, in this multicenter and national study, we
attempted to analyze the thyroid autoantibodies prevalence
in patients with LADY to clarify the necessity of thyroid
autoantibody detection and provide a basis for the clinical
screening of AI'TD by stratifying sex and GADA titers.
We present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-423/rc).

Methods
Subjects

This study involved 17,753 DM patients aged 15-79 years
who were newly diagnosed with diabetes between 2015
and 2017 (Figure I). All subjects were Chinese and were
recruited from 46 tertiary hospitals located in 25 cities
throughout the entire country. Training was given to
relevant staff in each hospital, and all data were collected
using standardized procedures and methods (24). The
inclusion criteria in the current study were as follows:
(I) diagnosis age ranging from 15 to 79; (II) duration of
diabetes <1 year; and (III) in the endocrinology clinic of
the hospital for treatment. The exclusion criteria were
as follows: (I) patients with special DM types, such as
pregnancy at diagnosis or gestational diabetes mellitus
(GDM) and fulminant TIDM (FT1DM); (II) patients
with coexisting acute diseases that could influence glucose
metabolism, such as stress and infection; and (III) patients
with tumors or severe diseases.
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Figure 1 Flowchart of the study. GADA, glutamic acid decarboxylase autoantibody; IA-2A, insulinoma-associated-2 autoantibody;

ZnT8A, zinc transporter 8 autoantibody; IAA, insulin autoantibody; T1DM, type 1 diabetes mellitus; LADY, latent autoimmune diabetes
in youth; LADA, latent autoimmune diabetes in adults; T2DM, type 2 diabetes mellitus; TPOA, thyroid peroxidase autoantibody; TGA,

thyroglobulin autoantibody.

Ultimately, 3,723 patients (1,723 patients <30 years
old and 2,000 patients >30 years old) were included
in the current study. Among them, patients >30 years
old were selected by a random sampling method in
IBM SPSS 25.0. All 3,723 patients had autoantibodies
against GADA, insulinoma-associated-2 (IA-2A), zinc
transporter-8 (ZnT'8A) and insulin autoantibody (IAA).
Because IAA is indistinguishable from insulin antibody
(IA) upregulation after insulin treatment, IAA was only
detected in subjects who were not taking insulin. In terms

© Annals of Translational Medicine. All rights reserved.

of the islet autoantibody results, clinical features, and
age, 3,723 patients were grouped into 6 DM subtypes by
selection and sampling: younger T1DM (n=281), LADY
(n=130), younger T2DM (n=200, randomly drawn from
1,312 subjects), older T1IDM [n=287; note: Because of the
low incidence of T1DM in older patients (only 32 out of
the 2,000 older patients sampled were T1DM patients),
so we included all T1DM patients with a diagnosis age
>30 years based on GADA test results and other T1DM

diagnostic criteria mentioned below, to make the number
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of older T1DM patients equal to that of patients in
other DM groups], LADA (n=129), and older T2DM
(n=200, randomly selected from 1,839 patients). Thyroid
autoantibodies (TPOA and TGA) were tested in all 6
groups of patients. A diagram detailing the study enrollment
and assays is presented in Figure 1.

The diagnostic criteria for the different DM
subtypes were as follows. T1DM: (I) insulin dependent
after diagnosis; (II) diagnosed by two independent
endocrinologists and met at least one of the following
criteria: fasting C-peptide (FCP) level <200 pmol/L,
positive for any islet autoantibody, typical symptoms of
metabolic disturbances related to diabetes, and diabetic
ketosis or ketoacidosis. LADY: (I) diagnosis age <30 years;
(II) positivity for any islet autoantibody; and (III) insulin
independence (insulin use <1 month) at least 6 months after
diagnosis. LADA: (I) diagnosis age >30 years; (II) positivity
for any islet autoantibody; and (III) insulin independence
for 6 or more months since diagnosis. T2DM: (I) meeting
the diagnostic criteria for diabetes set by the World
Health Organization (WHO) in 1999; and (II) negative
for four islet autoantibodies. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). This study was approved by the Ethics Committee of
the Second Xiangya Hospital of Central South University
(Approval No. [2014] Lun Shen [Division] No. 32), and all
participants or their guardians provided written informed
consent forms.

Autoantibody assays

Serum TPOA and TGA were detected by chemiluminescence
(Siemens Healthcare Diagnostics Inc., Germany) with a cutoff
value of 60 U/mL. The radioligand assays (RLAs) method was
used to test the seropositivity of GADA, IA-2A and Zn'T8A
and the electrochemiluminescence (ECL) method was used to
detect the seropositivity of IAA. The sensitivity and specificity
of the methods were consistent with our previous study (25).
According to the data of the 99th percentile in 405 healthy
subjects, the critical value of IA-2A was 3.3 U/mL and that
of GADA was 18 U/mL (U is a WHO unit), of which, high
GADA titers were defined as 2180 U/mL (26). Threshold
autoantibody indicators were 0.011 for ZnT8A and 0.005
for TAA.

Clinical data and biochemical assays

Body weight, height, and blood pressure were recorded
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locally. Serum was assayed on an automatic chemistry
analyzer to measure the levels of fasting blood sugar
(FBS), triglycerides (T'G), total cholesterol (T'C), high-
density lipoprotein cholesterol (HDL), and low-density
lipoprotein cholesterol (LDL). The levels of FCP and
postprandial C-peptide (PCP) in serum were determined
by chemiluminescence using a commercially available kit
(Advia Centaur System, Siemens). For the C-peptide test,
the intra-assay variation coefficients were 1.0-3.3% and
the interassay variation coefficients were 3.7-4.1%. HbAlc
(glycated hemoglobin) was determined via automated liquid
chromatography (Bio-Rad VARIANT-II Hemoglobin
Testing System, United States). FBS, lipids, HbAlc and
FCP were tested with overnight fasting venous blood
samples; and the levels of PCP were detected with 2-hour
postprandial blood samples.

Statistical analysis

All statistical analyses were conducted with IBM SPSS 25.0.
Q-Q plots were used to verify the continuous variables of
normality. Normal distributed variables were expressed
as the mean + SD, while abnormal distribution variables
were presented as the median (interquartile range). Or,
some of the continuous variables were binarized and were
shown as positive cases numbers, ratios, or composition
ratios. Classified variables were presented as percentages
(number, n). Analyses of continuous variables were
conducted with single factor analysis of variance (ANOVA)
or nonparametric tests. The y test or Fisher’s exact test was
used to compare frequencies. Multiple linear regression was
used to adjust for potential confounders. P<0.05 (two-tailed)
was considered significant for all tests.

Results

Prevalence of thyroid autoantibodies in LADY and other
DM subtypes

The prevalence of thyroid autoantibodies in patients with
LADY was 36.2% for TPOA, 24.6% for T'GA and 38.5%
for TPOA or TGA (Table S1). As expected, the frequencies
of thyroid autoantibodies in LADY patients were higher
than those in younger T2DM patients (Table S1); after
adjusting for age and sex, compared with younger T2DM
patients, the risk of thyroid autoantibodies in LADY
patients was 6.85-fold for TGA, 6.43-fold for TPOA, and
6.64-fold for TGA or TPOA (P<0.001 for all, Table I).
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Table 1 Multivariate analysis of the risk of LADY with positive thyroid autoantibodies

] LADY vs. younger T1DM LADY vs. LADA LADY vs. younger T2DM
Variables OR?® 95% ClI P value OR® 95% ClI P value OR* 95% ClI P value
TGA 1.64 0.97-2.77 0.066 1.43 0.76-2.70 0.270 6.85 3.13-14.99 <0.001
TPOA 1.23 0.79-1.93 0.364 1.94 1.09-3.42 0.023 6.43 3.43-12.07 <0.001
TGA/TPOA 1.24 0.79-1.93 0.345 1.70 0.97-2.95 0.062 6.65 3.59-12.30 <0.001

OR?, adjusted for age and sex; OR®, adjusted for sex, GADA- and IA-2A-positivity. LADY, latent autoimmune diabetes in youth; T1DM,
type 1 diabetes mellitus; LADA, latent autoimmune diabetes in adults; T2DM, type 2 diabetes mellitus; OR, odds ratio; TGA, thyroglobulin

autoantibody; TPOA, thyroid peroxidase autoantibody.
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Figure 2 The distribution of thyroid autoantibody among the
4 autoimmune DM subtypes. P<0.05, compared with younger
T1DM patients; 'P<0.05, compared with LADY patients; "P<0.01,
11P<0.001, compared with older TIDM patients. TIDM, type
1 diabetes mellitus; LADY, latent autoimmune diabetes in youth;
LADA, latent autoimmune diabetes in adults; TPOA, thyroid
peroxidase autoantibody; T'GA, thyroglobulin autoantibody.

Notably, the seropositive rate of TGA was higher in LADY
patients than that of younger T1DM patients (24.6% uvs.
16%, respectively; P=0.038) (Figure 2), but after adjusting
for age and sex, the difference was no longer significant
(P=0.066) (1able 1). The frequency of TPOA positivity in
LADY patients was higher than that in LADA patients
(36.2% wvs. 23.3%, respectively; P=0.023) (Figure 2). The
results of multivariable analysis (adjusted for sex and GADA
positivity) showed that LADY patients had a 1.94-fold
increased likelihood of positivity for TPOA than that of
LADA patients (OR =1.94, P=0.023) (Tuble 1).

To analyze the effect of sex on the prevalence of thyroid
autoantibodies, we divided patients with the 4 ADM types
into two groups by sex. The results showed that the positive
rate of thyroid antibodies was higher in females than in
males in patients with younger T1DM and LADA patients

© Annals of Translational Medicine. All rights reserved.

(P<0.05) (Figure S1A); in LADY and older T1DM patients,
limited by the sample size, no significant differences were
shown (Figure S1A). For T1DM patients, whether the
patients were male or female, the prevalence of TPOA was
higher than that of TGA (P<0.05); for LADY patients,
TPOA positivity was higher than TGA in male patients
only (P=0.034) (Figure S1B,S1C).

The association between islet autoantibodies and thyroid
autoantibodies in LADY and other ADM subtypes

Among T1DM patients, GADA- and IA-2A-positive
patients were more likely to present seropositivity for
TPOA or TGA than GADA- and TA-2A-negative patients,
while such associations between thyroid autoantibodies
and Zn'T8A were only shown in older T1DM patients
(Figure S2). For LAD patients, although there were no
differences in thyroid autoantibody frequencies between
GADA-, TA-2A- and ZnT8A-positive and -negative
patients, a potential association seemed to exist between
GADA-positive and TGA-positive patients (for patients
with LADY, P=0.064; for patients with LADA, P=0.062)
(Figure S2). Moreover, LADY patients with a high GADA
titer more frequently expressed thyroid autoantibodies than
LADY patients with a low GADA titer (47.2% vs. 19.4%,
respectively, P=0.005 for TPOA; 34.2% vs. 13.9%, P=0.023
for TGA; 51.4% vs. 22.2%, P=0.004 for TPOA or TGA)
(Figure 34). When we stratified the patients by sex, the
results showed that only in males (n=69) patients with high
GADA titers have a higher prevalence of TPOA or TGA
than patients with low GADA titers did (Figure 3B,3C).
The association between high GADA titers and thyroid
antibody positivity remained significant after adjustment for
age (OR =11.14, P=0.025 for TGA; OR =4.99, P=0.011 for
TPOA; OR =5.52, P=0.007 for TPOA or TGA) (Tuble 2).
Unexpectedly, LADY patients with IAA negativity were
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Figure 3 The distribution of thyroid autoantibodies in patients of LADY with different GADA titers. (A) The prevalence of TPOA or TGA
in patients of LADY with different GADA titers. (B) The prevalence of TPOA or TGA in male patients of LADY with different GADA
titers. (C) The prevalence of TPOA or T'GA in female patients of LADY with different GADA titers. LADY, latent autoimmune diabetes in
youth; GADA, glutamic acid decarboxylase autoantibody; TPOA, thyroid peroxidase autoantibody; TGA, thyroglobulin autoantibody.

Table 2 Multifactorial analysis of the risk of thyroid autoantibodies
in male patients of LADY with high GADA titers

Variables OR* 95% CI P value
TGA 11.14 1.35-91.85 0.025
TPOA 4.99 1.44-17.20 0.011
TGA/TPOA 5.52 1.60-19.10 0.007

OR?, adjusted for age, high vs. low GADA titers. LADY, latent
autoimmune diabetes in youth; GADA, glutamic acid decarboxylase
autoantibody; OR, odds ratio; TGA, thyroglobulin autoantibody;
TPOA, thyroid peroxidase autoantibody.

more likely to present T'GA positivity than LADY patients
with TAA positivity, which may have been due to the limited
sample size (Figure S2).

Clinical features of LADY patients with and without
thyroid autoantibodies

Age, body mass index (BMI), FBS, FCP, PCP, HbAlc, and
serum lipids levels were compared between TPOA- or
TGA-positive (n=50) and TPOA- and T'GA-negative (n=80)
patients with LADY. Compared to those without thyroid
autoantibodies, TPOA- or TGA-positive patients with
LADY were diagnosed at later ages, had higher HDL levels,
lower BMIs and T'G levels. No significant differences were
found for sex, blood pressure, or FBS, HbAlc, CP, TC or
LDL levels between the two groups (Table S2).

Clinical features in LADY and other DM subtypes

Among younger patients, those with LADY were older
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than those with younger T1DM patients (24.51+4.20 vs.
23.02+4.48, respectively; P<0.001) (7able 3). The levels
of FCP were highest in patients with younger T2DM
(496.2 pmol/L; 95% CI: 266.4-750.7 pmol/L) and lowest
in patients with younger T1DM (102.9 pmol/L; 95% CI:
40.0-186.5 pmol/L) and those in patients with LADY (281.0
pmol/L; 95% CI: 168.4-484.8 pmol/L) were between the
highest and the lowest (P<0.001 for all); PCP levels and
BMI exhibited a similar trend (P<0.001 for all) (7able 3).
Moreover, HbAlc levels in LADY patients [10.97% (+ SD:
3.33%)] were lower than those in younger T1DM patients
[11.69% (= SD: 3.48%)] (P<0.05); in contrast, the frequency
of GADA positivity in LADY patients was higher than that
in younger T1DM patients (83.1% vs. 68.3%, respectively;
P<0.01) (Table 3). Moreover, no differences were found in
lipid levels between younger T1DM and LADY patients
(Tible 3).

For LAD, in addition to age, the levels of blood pressure,
BMI, FCP, and PCP in LADA patients were all higher
than those in LADY patients; in contrast, the prevalence of
GADA, TA-2A and at least two autoantibodies were higher
in LADY patients than those of LADA patients (1able 3).
The frequencies of GADA, ZnT8A and positivity for at
least two autoantibodies were higher in younger patients
than those of older patients (7uble 3).

Discussion

In the past, the study of our team mainly concentrated on
the LADA or T1DM patients. Our previous study found
that LADA or T1DM patients have an increased risk of
developing organ-specific autoimmune diseases, and a
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Table 3 Comparison of clinical characteristics among the 6 diabetes mellitus subtypes

. Younger T1DM _ Younger T2DM Older TIDM _ _
Variables (n=281) LADY (n=130) (n=200) (n=287) LADA (n=129) Older T2DM (n=200)
Age (years) 23.02+4.48 24.51£4.20™" 24.07+4.53" 47.44+10.58™% 53 0741159781 50 30411, 74 TSN

Female 39.9% (112/281) 37.7% (49/130) 35.0% (70/200)  40.1% (115/287)  44.2% (57/129) 37.0% (74/200)

BMI (kg/m?) 19.97+3.61 21.98+4.01" 25.06+4.40M™"  21.48+3.76'1%%  23.26+3.54181M 55 15,3 ggittHiMf

SBP (mmHg) 115.62+13.58  116.96+13.62 120.51+12.51""  121.07216.71""  124.57+14.62"™"  128.84116.5311588111

DBP (mmHg) 73.61+10.43 74.66+9.35 76.94+9.70'" 76.16+11.43 78.86+9.99" 88.67+11.06"M"

FBS (mmol/L) 9.70+4.56 9.32+4.37 9.19+3.46 9.63+4.41 9.68+4.10 9.31+3.45

HbA1c (%) 11.69+3.48 10.97+3.33" 10.57+2.68"" 11.25+2.87 10.05+2.86'11 9.25+2 75 THHsssIN

FCP (pmol/L) 102.9 281.0 496.2 100.0 467.9 516.2
(40.0-186.5)  (168.4-484.8)'™  (266.4-750.7)"™  (33.3-200.0)"%  (283.5-724.5)TM"M (359 8-830.6)" "M

PCP (pmol/L) 180.0 559.4 1070.0 178.5 1115.0 1449.9
(86.6-366.0)  (338.7-1033.1)""  (599.9-1733.2)""™  (66.6-451.3)"%  (571.9-1601.3)™11 (942.4-2165.5)! 151

GADA 68.3% (192/281) 83.1% (108/130)" - 65.6% (188/287)"  72.1% (93/129)' -

IA-2A (%) 40.2 (113/281)  31.5 (41/130) - 25.4 (73/287)"" 14 (18/129)"M -

ZnT8A (%) 24.9 (70/281) 31.5 (41/130) - 16 (46/287)™™ 31 (40/129)™ -

IAA (%) 15.2 (5/33) 20.3 (12/59) - 15.8 (6/38) 14.1 (9/64) -

At least two Ab
positive (%)

42.7 (120/281)  43.8 (57/130) -

TG (mmol/L) 0.99 (0.75-1.56) 1.21 (0.83-2.02)

TC (mmol/L) 4.25+1.25 4.42+1.22

HDL-C (mmol/L) 1.19 (0.98-1.49) 1.11 (0.96-1.35)

4.68+1.48'"
1.00 (0.87-1.24)"™ 1,19 (0.97-1.48)%%

29.3 (84/287)"™  17.1 (22/129)1M" M -

1.93 (1.10-3.40)"™ 1.10 (0.74-1.84)%% 1.46 (0.96-2.16)""™S" 1.71 (1.24-2.46)H11

4.50+1.50 4.61£1.22" 4.64+1.42™

1.18(0.94-1.43)%  1.12 (0.94-1.32)°

LDL-C (mmol/L) 2.53+0.89 2.73+1.03 2.71+0.96 2.66+1.05 2.79+1.08 2.81+0.98™"
Antihypertensive  0.71% (2/281)  0.77% (1/130) 3% (6/200) 9.1% (26/287)111s8 20.2% 17% (34/200)1 1188811
medication (26/1 29)TTT“*§§§W

Lipid drug 0.71% (2/281)  5.4% (7/130)" 9.5% (19/200)"""  8.7% (25/287)""  10.9% (14/129)"" 14% (28/200)""

Data are presented as medians (interquartile ranges), means + standard deviations, or ratios and their numbers where appropriate.
"P<0.05, ""P<0.01, ""P<0.001 compared with younger TIDM patients; 'P<0.05, "P<0.01, "P<0.001 compared with LADY patients; 5P<0.05,
$¥P<0.01, %P<0.001 compared with younger T2DM patients; "P<0.05, "P<0.01, "P<0.001 compared with older T1DM patients; **P<0.01,
***P<0.001 compared with LADA patients. T1DM, type 1 diabetes mellitus; LADY, latent autoimmune diabetes in youth; T2DM, type 2
diabetes mellitus; LADA, latent autoimmune diabetes in adults; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FBS, fasting blood sugar; HbA1c, glycated hemoglobin; FCP, fasting C-peptide; PCP, postprandial C-peptide; GADA, glutamic
acid decarboxylase; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol.

strong link was observed between thyroid autoantibody
positivity and GADA or IA-2A positivity (27). Recently, we
began to pay attention to LADY patients. We have explored
the similarities and differences in clinical manifestations,
inflammatory factors and genetics between LADY and
type 2 diabetes (10). However, the positive rate of thyroid
autoantibodies in LADY patients has not been reported in

© Annals of Translational Medicine. All rights reserved.

China. In this multicenter and national study, the results
mainly demonstrated the importance of screening for
thyroid autoantibodies in LADY patients due to their
high prevalence. We also recommend that special clinical
attention be paid to the thyroid autoantibody status of male
LADY patients with high GADA titers to identify patients
at high risk of developing AITD in a timely manner.
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The positive frequencies of thyroid autoantibodies in
DM patients are affected by many factors, such as age, sex,
DM subtype, GADA positivity and GADA titer. A high
seropositive rate of thyroid autoantibodies is often reported
in patients with T1DM, LADA and T2DM. In the present
study, we found that the prevalence of TGA or TPOA
in LADY patients was similar to that in younger T1DM
patients after adjusting for age and sex. As mentioned above,
the prevalence of thyroid autoantibodies increases with
advancing age. Therefore, univariate analysis showed that
the positive rate of TGA in LADY patients was higher than
that of young T1DM patients, which may be related to the
older age of LADY patients. However, even after adjusting
for sex, GADA- and TA-2A- positivity, patients with LADY
had a 1.94-fold higher risk of TPOA than those with LADA
patients, who had an older age of diagnosis. We speculated
that a specific genetic risk marker may be active in LADY
patients. In current study, the thyroid autoantibody
prevalence in LADY patients was also higher than that in
LADY patients of USA (10%) (28) and Germany (32%) (17),
which may be attributed to the genetic background,
diagnostic criteria, sample size and advances in thyroid
autoantibody detection technology in recent years. As
expected from previous studies, as a subtype of ADM, the
incidence of positive thyroid autoantibodies in patients
with LADY was absolutely higher than that in patients with
nonADM (younger and older T2DM patients). In brief,
this high prevalence of TPOA or TGA in LADY patients
indicates the necessity of thyroid autoantibodies screening
in younger T2DM patients with islet autoantibody
positivity for early identification of patients at high risk of
AITD, as organ-specific autoantibodies in ADM can help
identify patients at risk of developing other organ-specific
autoimmune disorders (2). Follow-up studies of patients
with positive thyroid antibodies are necessary to determine
whether the incidence of AITD in LADY patients is also
higher than that in LADA patients.

We also performed a comparison on the frequency
of positive overlap among islet autoantibodies and
thyroid autoantibodies among 4 ADM patients. The
results suggested that T1DM patients with GADA-, TA-
2A- and ZnT8A-positivity were more likely to exhibit
thyroid autoantibody positivity, which is consistent with
some Western studies (14,29). However, the results were
inconsistent with our previous results (27), possibly because
the subjects included in the study were different: in the
present study, the T1DM patients were >30 years old, and
in the previous study, the ADM patients (including T1IDM

© Annals of Translational Medicine. All rights reserved.
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and LADA patients) were >20 years old. In addition, the
current study was limited by the sample size; although
the difference was not significant in LADY and LADA
patients, a higher thyroid autoantibody prevalence trend
was still observed in patients who were positive for islet
autoantibodies compared with patients who were negative
for islet autoantibodies. In terms of previous studies,
thyroid autoantibody positivity was more common in
LADA patients with high GADA titers, and epitope
spreading may be one of the possible mechanisms for the
increased frequency of related antibodies (21,30). When
we divided patients of LADY into two groups according to
the GADA titers, we found that patients with high GADA
titers presented a higher frequency of TPOA or TGA
positivity than patients with low GADA titers. Further
analysis showed that, after adjusting for age, male LADY
patients with high GADA titers had an 11.14-fold, 5-fold
and 5.52-fold higher risk of TGA, TPOA and TGA/TPOA
positivity, respectively, than male patients with low GADA
titers. Sex bias has also been found in LADA patients with
high GADA titers which indicated that the autoimmune
background of patients with high GADA titers may act as
a ‘promoter’ for the spread of specific thyroid epitopes in
male patients (21). These findings suggested a remarkably
increased risk of a coexistent AI'TD in male LADY patients
with higher GADA titers. Moreover, the comparison of
the clinical features of LADY patients with and without
thyroid antibodies showed that it is almost impossible to
differentiate LADY patients who are with positive and
negative for thyroid autoantibodies by clinical features,
which further stresses the necessity of TPOA or TGA
screening.

International reports comparing the clinical
characteristics of LADY and other DM subtypes, especially
ADM, are very limited. In our study, on average, LADY
patients presented an older diagnosis age than younger
T1DM patients. There are two possible reasons for this
difference. First, patients with T1DM are usually diagnosed
by typical onset symptoms, such as ketosis or ketoacidosis.
In contrast, the onset of LAD patients is more insidious,
usually diagnosed through a health examination or by
chance during hospital visits for other diseases. Therefore,
the difference in onset characteristics may result in a longer
interval between the age at onset and the age at diagnosis
in LADY patients than in T1DM patients; that is, the
onset age of LADY patients may be older than that of
T1DM patients. Second, the difference may be attributed
to the lower genetic contribution of HLA according to the
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“threshold hypothesis” (31), which suggests that type 1
diabetes is a result of the combined contribution of genetics
and the environment that exceeds the disease threshold. This
result is consistent with a small sample study in the US (18);
however, the US study also showed an age difference
between LADY and younger T2DM patients, which was
not shown in our study or others studies (32,33). Moreover,
in our study, patients with LADY had a higher BMI,
better blood glucose control, and better islet function than
patients with younger T1DM (lipid levels were perhaps
influenced by treatment). However, when compared with
LADA patients, LADY patients were leaner and had worse
blood glucose control and islet function (blood pressure was
perhaps influenced by treatment). Therefore, in terms of
clinical features, LADY may be a DM type that in different
from younger T1DM and LADA.

In summary, our study suggested that routine screening
for thyroid autoantibodies should be recommended for
LADY patients, at the same time, we emphasized that
special clinical attention should be paid to the thyroid
autoantibody status of male LADY patients with high
GADA titers to identify patients at high risk of AITD early.
The limitation of the current study is that it was a cross-
sectional study; a large-sample follow-up study is necessary
to study the prevalence of AI'TD in LADY patients and
verify whether LADY patients with thyroid autoantibodies
are truly at high risk of developing thyroid dysfunction and
the clinical manifestation of AITD.
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Supplementary

Table S1 The prevalence of thyroid autoantibody among 6 DM subtypes

Variables Younger T2DM Younger T1IDM LADY Older T2DM Older TIDM LADA
(n=200) (n=281) (n=130) (n=200) (n=287) (n=129)

TPOA 8% (16/200)  30.6% (86/281)"  36.2% (47/130)"  12% (24/200)"™  40.4% (116/287) ™%  23.3% (30/129) 51

TGA 4.5% (9/200) 16% (45/281)"  24.6% (32/130)"" 9% (18/200)™ 22% (63/287) %% 18.6% (24/129) "%

TPOAor  85% (17/200)  32.4% (91/281) 38.5% (50/130)"  15% (30/200) "™ 42.5% (122/287) 15 27.9% (36/129) "M
TGA

Data are shown as percentages (positive cases/total cases). P<0.05, P<0.001, compared with younger T2DM; 'P<0.05, "P<0.001,
compared with younger T1DM; 'P<0.05, "P<0.001, compared with LADY; $P<0.05, 7<0.01, P<0.001, compared with older T2DM;
"P<0.01, ™P<0.001, compared with older TIDM. T1DM, type 1 diabetes mellitus; LADY, latent autoimmune diabetes in the young;
LADA, latent autoimmune diabetes in the adults; T2DM, type 2 diabetes; TPOA, thyroid peroxidase autoantibody; TGA, thyroglobulin
autoantibody.

Table S2 Clinical features of LADY patients with and without thyroid antibodies

Variables TPOA or TGA positive (n=50) TPOA and TGA negative (n=80) P value
Age (years) 25.71+3.54 24.20+4.25 0.038
Female 42% (21/50) 35% (28/80) 0.423
BMI (kg/m?) 20.50+3.10 22.73x4.21 0.001
SBP (mmHg) 114.86+13.95 117.11+£13.21 0.366
DBP (mmHg) 74.34+10.01 74.67+8.63 0.845
FBS (mmol/L) 9.70+4.31 9.00+4.34 0.387
HBA1c (%) 10.86+3.13 11.03+3.57 0.787
FCP (pmol/L) 233.1 (159.8-461.7) 296.4 (199.8-486.6) 0.194
PCP (pmol/L) 609.9 (309.7-1016.9) 559.4 (370.0-1124.9) 0.752
TG (mmol/L) 0.97 (0.76-1.62) 1.32 (0.91-2.32) 0.026
TC (mmol/L) 4.58+1.32 4.39+1.26 0.467
LDL-C (mmol/L) 2.93+1.14 2.60+0.92 0.093
HDL-C (mmol/L) 1.16 (1.05-1.57) 1.07 (0.92-1.32) 0.028

Data are presented as medians (interquartile ranges), means + standard deviations, or ratios and their numbers where appropriate. LADY,
latent autoimmune diabetes in youth; TPOA, thyroid peroxidase autoantibody; TGA, thyroglobulin autoantibody; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbA1c, glycated hemoglobin; FCP, fasting C-peptide;
PCP, postprandial C-peptide; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.
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Figure S1 The distribution of TPOA or TGA in male and female patients of 4 autoimmune DM subtypes. (A) The prevalence of TPOA
or T'GA in male and female patients of 4 autoimmune diabetes subtypes. (B) The prevalence of TPOA or TGA in male patients of 4
autoimmune diabetes subtypes. (C) The prevalence of TPOA or TGA in female patients of 4 autoimmune diabetes subtypes. TIDM, type
1 diabetes mellitus; LADY, latent autoimmune diabetes in youth; LADA, latent autoimmune diabetes in adults; TPOA, thyroid peroxidase
autoantibody; TGA, thyroglobulin autoantibody.
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Figure S2 The prevalence of thyroid autoantibody in patients of TIDM, LADY and LADA with or without islet autoantibodies positive.
T1DM, type 1 diabetes mellitus; LADY, latent autoimmune diabetes in youth; LADA, latent autoimmune diabetes in adult; T2DM, type
2 diabetes mellitus; Abs, GADA, glutamic acid decarboxylase autoantibody; IA-2A, insulinoma-associated-2 autoantibody; ZnT8A, zinc
transporter 8 autoantibody; IAA, insulin autoantibody; TPOA, thyroid peroxidase autoantibody; TGA, thyroglobulin autoantibody.
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