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Background: There is no doubt that both Hashimoto thyroiditis and Graves’

disease are autoimmune thyroid diseases (AITDs), but the relationship between

anti-nuclear antibody (ANA) and AITDs is poorly studied. The association

between thyroid autoantibody levels and ANA positivity was evaluated to

assess the role of ANA in AITDs.

Methods: We conducted an analysis using data from 1,149,893 patients

registered at our hospital and 53,021 patients registered in the National Health

and Nutrition Examination Survey databases. We focused on patients with data

for thyroid peroxidase antibody (TPOAb)/ANA, TPOAb/immunoglobulin G (IgG),

thyroid-stimulating hormone (TSH) receptor antibody (TRAb)/ANA, TRAb/IgG,

TSH/ANA, or TSH/IgG.

Results: ANA positivity rates were 12.88% and 21.22% in TPOAb/ANA and TSH/ANA

patients, respectively. In TPOAb/IgG and TSH/IgG data, high IgG levels (≥15 g/L)

were detected in 2.23% and 4.06% of patients, respectively. There were significant

differences in ANA positivity rates and high IgG proportions among patients with

different TPOAb and TSH levels. TPOAb level was correlated with ANA positivity

rate and high IgG proportion, and TSH level was correlated with ANA positivity rate.

Regression analysis showed positive correlations between TPOAb levels and ANA

positivity risk or high IgG risk, TSH levels and high IgG risk, and elevated TSH and

ANA positivity risk. Of patients with TRAb/ANA data, 35.99% were ANA-positive,

and 13.93% had TRAb levels ≥1.75IU/L; 18.96% of patients with TRAb/IgG data had

high IgG levels, and 16.51% had TRAb levels ≥1.75IU/L. ANA positivity rate and high

IgG proportion were not significantly different among different TRAb levels. TRAb

levels, ANA positivity risk and high IgG risk were not correlated.

Conclusion: ANA positivity and high IgG are related to Hashimoto thyroiditis but

not Graves’ disease, which implies distinct pathophysiological mechanisms

underlying the AITDs.
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Introduction

Anti-nuclear antibodies (ANAs) are non-organic nuclear

antibodies produced during the humoral immune response. In

2019, the European League Against Rheumatism/American

College of Rheumatology endorsed “positive ANA (titer ≥ 1:80 by

HEp-2 immunofluorescence)” as an entry criterion for systemic

lupus erythematosus (SLE) (1). This criterion was suitable for SLE

classification in patients from south China (2). Furthermore,

patients with SLE exhibit elevated levels of total immunoglobulin

G (IgG) and ANA IgG subclasses compared with those with other

autoimmune diseases (3). Pan et al. reported increased thyroid

autoantibodies in patients with SLE (4), and Lin et al. demonstrated

an increased risk of new-onset SLE in individuals with Hashimoto

thyroiditis (HT) (5). Patients with HT display seropositivity for

thyroid peroxidase antibody (TPOAb), an HT biomarker, and

thyroglobulin antibodies due to the presence of thyroid

peroxidase (TPO) and thyroglobulin antigens. Notably, HT and

SLE share similar genetic features and are associated with the major

histocompatibility complex class II (6, 7). Additionally, patients

with rheumatoid arthritis have a predisposition to develop

hypothyroidism (8). Thyroid-stimulating hormone (TSH)

receptor antibody (TRAb)-IgG levels are higher in patients with

Graves’ disease (GD) than in healthy controls (9). ANA levels are

also significantly elevated in patients with autoimmune thyroid

diseases (AITDs) compared with in healthy individuals (10).

Previous findings have demonstrated that thyroglobulin is not

located in the nucleus; instead, it is a cell surface antigen involved in

complement-mediated cytotoxicity. Similarly, TRAb is found on

cell surfaces and not within the nucleus. Thushani et al. reported

elevated TPOAb levels in patients with ANA-positive diseases, such

as SLE, compared with in healthy individuals (11). Conversely, high

ANA levels have been observed in patients with AITDs (12).

In patients with HT, thyroid follicular cells express intercellular

adhesion molecule-1(ICAM-1) (13), and T cells bind to these

molecules on target cells, a fundamental component of any

immune response (14). However, it remains uncertain whether
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thyroid follicular cells express ICAM-1 in patients with GD.

Furthermore, the pathogenesis of AITD is reportedly linked to

the responsiveness of T cells to TPO (15). Teng et al. noted a lack of

abnormal distribution of T cell receptor genes in thyroid-derived

lymphocytes in patients with GD; however, T cell receptor gene

rearrangement occurs in the thyroid glands of patients with HT

(16). Davis et al. found marked limitations of Va gene expression in

GD, albeit few limitations in HT (17). Thus, the immune

mechanisms underlying HT and GD differ considerably.

However, the association of ANA positivity with AITD markers,

such as TPOAb, TRAb, and TSH levels, has not been evaluated in

the general patient population. Therefore, our study aimed to

investigate the relationship between ANA positivity and various

thyroid autoantibody levels to elucidate whether ANAs play a role

in the pathological processes of AITD.
Materials and methods

Study design

The Ethics Review Committee of the People’s Hospital

Affiliated to Fujian University of Traditional Chinese Medicine

approved the study (approval number 2023-031-01), which

adhered to the principles of the Declaration of Helsinki. The

study did not impede the personal privacy of patients and business

interests. The requirement for informed consent was waived due

to the retrospective design of the study. All research data were

collected through the Scientific Research Integration Platform of

our hospital. Additionally, de-identified patient data were

obtained from the National Health and Nutrition Examination

Survey (NHANES) database, including NHANES questionnaires,

datasets, and related documentation, spanning NHANES 1999-

2004 and 2007-2012 laboratory data, accessible via the NHANES

homepage [cdc.gov].

Data from the included patients was extracted, organized and

analyzed (Figure 1).
FIGURE 1

Study flowchart. TPOAb, thyroid peroxidase antibodies; ANA, anti-nuclear antibody; IgG, immunoglobulin G; TSH, thyroid-stimulating hormone;
TRAb, thyroid-stimulating hormone receptor antibodies.
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Inclusion criteria: (1) patients in the Scientific Research

Integration Platform of our hospital, and in the NHANES

database; (2) TPOAb, TRAb, TSH, ANA, and IgG data tested first

time; (3) data from April 1, 2016 to March 31, 2022 in our hospital,

and from 1999-2004 and 2007-2012 in the NHANES.

Exclusion criteria: (1) the data of TPOAb, TRAb, TSH, ANA,

and IgG retested; (2) the data not within the set time; (3) human

induced hypoglobulinemia by controlling food.
Data sources and study cohort

The Scientific Research Integration Platform of People’s

Hospital Affiliated to Fujian University of Traditional Chinese

Medicine is specialty software designed for scientific research

purposes. This software has been used to collect anonymized

patient diagnosis and treatment information since 2003. We

included cases from April 1, 2016 to March 31, 2022, in the

study. Our study cohort comprised individuals with available data

on combinations of TPOAb and ANA, TPOAb and IgG, TRAb and

ANA, TRAb and IgG, TSH and ANA, or TSH and IgG levels. For

each individual, we selected the results from the first relevant test,

Additionally, we included patients with data on ANA, TPOAb,

TRAb, TSH, and IgG levels from the NHANES database.
Thyroid markers, ANA, and IgG detection

Detection of TPOAb, TRAb, and TSH were performed using

chemiluminescence immunoassay with the Abbott automatic

immunoassay analyzer (Abbott; Chicago, IL, USA). ANA

detection was performed using immunofluorescence with the

OUMENG reagent (EUROIMMUN Medical Diagnostics., Beijing,

China). IgG detection was performed via immunoscattering

turbidimetry using the Beckman-specific protein analyzer

(Beckman Coulter, Inc.; Brea, CA, USA).
Outcomes

Our primary outcome involved assessing ANA positivity and

negativity rates across various TPOAb, TRAb, and TSH levels. We

subsequently calculated the risk of ANA positivity for different

TPOAb, TRAb, and TSH levels. As a secondary outcome, we

examined the proportion of patients with IgG ≥15 g/L in relation

to various TPOAb, TRAb, and TSH levels. We then predicted the

risk of having high IgG (≥15 g/L) for different TPOAb, TRAb, and

TSH levels.
Statistical analyses

Statistical analyses were performed using SPSS version 26.0 (IBM

Corp.; Armonk, NY, USA). Qualitative variables are presented as
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percentages and were assessed using the chi-square test. Kendall’s

tau-b analysis was also performed for the inter-indicator correlation.

Logistic regression analysis was employed to determine the risk factor

for ANA positivity and high IgG levels. Fisher’s exact test was used for

qualitative variables with an expected value < 5. P < 0.05 was

considered statistically significant. Additionally, odds ratio (OR)

and corresponding 95% confidence intervals (CIs) were calculated.

Graphs were generated using GraphPad Prism 8 (GraphPad Software

Inc., San Diego, CA, USA).

In the primary analysis, TPOAb, TRAb, and TSH levels were

categorized based on the normal reference ranges provided by the

hospital laboratory department and the target levels recommended

by the guidelines. TPOAb levels 1, 2, and 3 were defined as < 150,

150 ≤ TPOAb ≤ 600, and TPOAb > 600 IU/mL, respectively. TRAb

levels 1 and 2 were defined as < 1.75 and ≥ 1.75 IU/L, respectively.

TSH levels 1, 2, and 3 were defined as <0.3, 0.3 ≤ TSH ≤6, and

TSH >6 mIU/L, respectively.
Results

Study population

Out of the 1,149,893 individuals (529,592 males and 620,301

females) who presented at our hospital, 5396 (2274 males and 3122

females) met the eligibility criteria for inclusion in this study.

Additionally, data for 14995 individuals were retrieved from

53,021 laboratory data questionnaires in the NHANES 1994-2004

and 2007-2012 databases. The data obtained from the hospital’s

scientific research platform and the NHANES database were found

to be comparable. Consequently, a total of 20391 patients with

available data on TPOAb and ANA, TPOAb and IgG, TSH and IgG,

or TSH and ANA were included in the study.
TPOAb and ANA

Data on TPOAb and ANA were accessible for 13,946 patients

(12,502 from the NHANES database), resulting in an ANA

positivity rate of 12.88% (1796/13,946).

There were 1,659 (12.48%), 82 (17.90%), and 55 (28.50%)

patients with positive ANA in TPOAb levels 1, 2, and 3,

respectively. The ANA positivity rate significantly varied among

different TPOAb levels (c2 = 54.170, P=1.73×10-12), and there was a

correlation between TPOAb levels and the ANA positivity rate

(Kendall’s tau-b=-0.054, P=1.75×10-7). Regression analysis

demonstrated a significant positive correlation between TPOAb

levels and the risk of ANA positivity. The ANA positivity risk at

TPOAb level 2 was 53.0% higher than that at TPOAb level 1

(OR=1.530; 95% CI=1.198–1.953). Similarly, the ANA positivity

risk at TPOAb level 3 was 179.5% higher than that at TPOAb level 1

(OR=2.795; 95% CI=2.036–3.837). There were 11,636 (87.52%), 376

(82.10%), and 138 (71.50%) patients with negative ANA in TPOAb

levels 1, 2, and 3, respectively (Table 1; Figure 2).
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TPOAb and IgG

Data on TPOAb and IgG were obtained for 13,852 patients

(12,502 from the NHANES database), with 309/13,852 (2.23%)

patients having IgG levels ≥ 15 g/L.

There were 246 (1.87%), 28 (5.88%), and 35 (18.32%) patients

with high IgG (IgG≥15g/L) in TPOAb levels 1, 2, and 3,

respectively. The proportion of patients with IgG levels≥15 g/L

significantly varied among different TPOAb levels (P=1.618×10-27),

and TPOAb levels exhibited a correlation with a high proportion of

patients with IgG levels ≥15 g/L (Kendall’s tau-b=-0.111,

P=1.32×10-24). Logistic regression analysis indicated a significant

positive correlation between different TPOAb levels and the risk of

elevated IgG levels (≥15 g/L). The risk of having elevated IgG levels

(≥ 15 g/L) at TPOAb level 2 was 228.7% higher than that at TPOAb

level 1(OR=3.287; 95% CI=2.199–4.914). Additionally, the risk of

having elevated IgG level (≥ 15 g/L) at TPOAb level 3 increased by

1080.1% compared with that at TPOAb level 1 (OR=11.801; 95%

CI=8.008–17.389). There were 12,939(98.13%), 448 (94.12%), and

156 (81.68%) patients with low IgG (<15 g/L) in TPOAb levels 1, 2,

and 3, respectively (Table 2; Figure 3).
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TRAb and ANA

Data on TRAb and ANA were obtained for 689 patients (none

from the NHANES database), resulting in an ANA positivity rate of

35.99% (248/689).

There were 218 (36.76%) and 30 (31.25%) patients with positive

ANA in TRAb levels 1 and 2, respectively. The ANA positivity rate

increased as TRAb levels decreased. However, there was no

statistically significant difference in the ANA positivity rate among

different TRAb levels (c2 = 1.090; OR=1.279; 95% CI=0.805–2.03;

P=0.297). Furthermore, there was no correlation between TRAb

levels and ANA positivity rate (Kendall’s tau-b=0.040, P=0.284).

There were 375 (63.24%) and 66 (68.75%) patients with negative

ANA in TRAb levels 1 and 2, respectively (Table 3; Figure 4).
TRAb and IgG

Data on TRAb and IgG were obtained for 733 patients (none

from the NHANES database), resulting in an IgG level ≥15 g/L in

139/733 (18.96%) patients.
TABLE 1 Comparison of the ANA positivity rate at different TPOAb levels.

TPOAb (IU/mL) ANA positivity ANA negativity Chi-squared test Kendall’s tau-b

Level 1 (< 150) (n=13295)
1659

(12.48%)
11636

(87.52%)

c2 = 54.170
P=1.73×10-12

Kendall’s tau-b=-0.054
P=1.75×10-7

Level 2 (150–600)
(n=458)

82
(17.90%)

376
(82.10%)

Level 3 (> 600) (n=193)
55

(28.50%)
138

(71.50%)

Level 1 vs level 2 c2 = 11.788; OR=0.654; 95%CI=0.512-0.835; P=0.000596

Level 1 vs level 3 c2 = 44.008; OR=0.358; 95%CI=0.261-0.491; P=3.27×10-11

Level 2 vs level 3 c2 = 9.171; OR=0.547; 95% CI= 0.369–0.811; P=0.002459
TPOAb, thyroid peroxidase antibodies; ANA, anti-nuclear antibody.
A B C

FIGURE 2

ANA and TPOAb levels. (A) Comparison of the ANA positivity and negativity rates at different TPOAb levels; gray and purple represent ANA positivity and
negativity, respectively. (B) ANA positivity rate at different TPOAb levels. (C) Correlation between TPOAb levels and ANA positivity risk. ANA, anti-nuclear
antibody; TPOAb, thyroid peroxidase antibodies; CI: confidence interval; TSH: thyroid-stimulating hormone. a P=0.000596, TPOAb level 2 compared
with TPOAb level 1; b P=3.27×10-11, TPOAb level 3 compared with TPOAb level 1; c P=0.002459, TPOAb level 3 compared with TPOAb level 2.
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TABLE 2 Comparison of the proportion of patients with high (≥ 15 g/L) and low (< 15 g/L) IgG levels in different TPOAb levels.

TPOAb (IU/mL) IgG ≥ 15 g/L IgG <15 g/L Fisher’s exact test Kendall’s tau-b

Level 1 (< 150)
(n=13185)

246
(1.87%)

12939 (98.13%)

P=1.618×10-27
Kendall’s tau-b=-0.111

P=1.32×10-24
Level 2(150–600)

(n=476)
28

(5.88%)
448

(94.12%)

Level 3 (> 600)
(n=191)

35
(18.32%)

156
(81.68%)

Level 1 vs level 2 c2 = 37.710; OR=0.304; 95%CI=0.203-0.455; P=8.21×10-10

Level 1 vs level 3 OR=0.085; 95%CI=0.058-0.125; P=3.10×10-23

Level 2 vs level 3 c2 = 24.671; OR=0.279; 95% CI=0.164–0.473; P=6.8×10-7
F
rontiers in Endocrinology
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TPOAb, thyroid peroxidase antibodies; IgG, immunoglobulin G.
A B C

FIGURE 3

IgG and TPOAb levels. (A) Comparison of the proportions of patients with high (≥ 15 g/L) and low (<15 g/L) IgG levels at different TPOAb levels; gray
and purple indicate high and low IgG levels, respectively. (B) Proportion of patients with high IgG levels at different TPOAb levels. (C) Correlation
between TPOAb levels and the risk of having IgG levels. TPOAb, thyroid peroxidase; IgG, immunoglobulin G; CI, confidence interval. a P=8.21×10-10,
TPOAb level 2 compared with TPOAb level 1; b P=3.10×10-23, TPOAb level 3 compared with TPOAb level 1; c P=6.8×10-7, TPOAb level 3 compared
with TPOAb level 2.
TABLE 3 Comparison of the ANA positivity rate at different TRAb levels.

TRAb (IU/L) ANA positivity ANA negativity c2 P OR 95% CI

<1.75 (n=593) 218 (36.76%) 375 (63.24%)
1.090 0.297 1.279

Lower Upper

≥ 1.75 (n=96) 30 (31.25%) 66 (68.75%) 0.805 2.031
TRAb, thyroid-stimulating hormone receptor antibodies; ANA, anti-nuclear antibody; OR, odds ratio; CI, confidence interval.
A B C

FIGURE 4

ANA and TRAb levels. (A) Comparison of the ANA positivity and negativity rates at different TRAb levels; gray and purple represent ANA positivity and
negativity, respectively. (B) ANA positivity rate at different TRAb levels. (C) Correlation between TRAb levels and ANA positivity risk. TRAb, thyroid-
stimulating hormone receptor antibodies; ANA, anti-nuclear antibody; CI, confidence interval; OR, odds ratio. a P=0.297, TRAb level 2 compared
with TRAb level 1.
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There were 113 (18.46%) and 26 (21.49%) patients with high

IgG (≥15 g/L) in TRAb levels 1 and 2, respectively. The proportion

of patients with IgG levels ≥15 g/L did not significantly differ across

various TRAb levels (c2 = 0.601, OR=0.827, 95% CI=0.512–1.336,

P=0.438). Additionally, there was no correlation between TRAb

levels and the proportion of patients with IgG levels ≥15 g/L

(Kendall’s tau-b=-0.029, P=0.456). There were 499 (81.54%) and

95 (78.51%) patients with low IgG (<15 g/L) in TRAb levels 1 and 2,

respectively (Table 4; Figure 5).
TSH and ANA

Data on TSH and ANA were obtained for 19,426 patients

(14,986 from the NHANES database), resulting in an ANA

positivity rate of 21.22% (4,123/19,426).

There were 103 (22.29%), 3,884 (20.99%), and 136 (29.50%)

patients with positive ANA in TSH levels 1, 2, and 3, respectively.

The ANA positivity rate significantly varied among different TSH

levels (c2 = 19.806, P=0.00005), with a positive correlation between

TSH levels and ANA positivity rate (Kendall’s tau-b=-0.019,

P=0.013). Logistic regression analysis revealed that high TSH

levels influenced the ANA positivity rate. The ANA positivity risk

at TSH level 3 increased by 57.5% compared with that at TSH level 2

(OR=1.575, 95%CI=1.285-1.930). There were 359 (77.71%), 14,619

(79.01%), and 325 (70.50%) patients with negative ANA in TSH

levels 1, 2, and 3, respectively (Table 5; Figure 6).
TSH and IgG

Data on TSH and IgG were obtained for 19,029 patients (14,986

from the NHANES database), resulting in IgG levels ≥15 g/L in 772/

19,029 (4.06%) patients.

There were 40 (8.25%), 681 (3.76%), and 51 (11.38%) patients

with high IgG (≥15 g/L) in TSH levels 1, 2, and 3, respectively. The

proportion of patients with IgG levels ≥15 g/L increased with TSH

levels. The proportion of patients with IgG levels ≥15 g/L was

significantly different at various TSH levels (c2 = 87.680,

P=9.13×10-20). However, TSH levels did not correlate with the

proportion of patients with IgG levels ≥15 g/L (Kendall’s tau-b=-

0.015, P=0.178). The risks of having IgG levels ≥15 g/L at TSH levels

1 and 3 increased by 129.9% (OR=2.299; 95% CI=1.649–3.205) and

228.5% (OR=3.285; 95% CI=2.430–4.441), respectively, compared

with that at TSH level 2. There were 445 (91.75%), 17,415 (96.24%),

and 397 (88.62%) patients with low IgG (< 15 g/L) in TSH levels 1,

2, and 3, respectively (Table 6; Figure 7).
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Discussion

Thyroid antibodies associated with GD and HT (clinically

common AITDs) include TRAb (18) and TPOAb (6),

respectively. TPOAb, TRAb, and ANAs are primarily consist of

IgG antibodies (19). ANAs are a spectrum of autoantibodies that

react with various nuclear molecules, including deoxyribonucleic

acid (DNA), ribonucleic acid, histones, acidic nuclear proteins or

complexes of these molecular elements (20). A group of data from

European population showed that the prevalence of ANA positivity

was significantly higher in patients with AITD compared with the

control group (45% vs. 14%) (21). Another author reported the

ANA positivity rate was only 9% in healthy persons (22). The data

from community population in Australia indicated that, in persons

from 55 to 85 years, TPOAb positivity rate was 8.4% and ANA

positivity rate was 27.9% (23). A study conducted by Pedro et al.

from Brazil reported that positive correlation was noted between

anti-dsDNA with TPOAb (24). Up to now, the literatures involving

the relation between TPOAb and ANA have not been found. Hence,

the clinical significance of ANAs in HT remains unknown.

In this paper, we investigated the ANA positivity rate in various

TPOAb levels. The results showed that TPOAb levels impacted the

percentage of ANA positivity. ANA positivity rate was 12.48% when

TPOAb<150IU/mL, 17.90% when 150IU/mL≤TPOAb ≤ 600IU/mL,

28.50% when TPOAb>600IU/mL. For the first time, the outcome

showed ANA positivity rate increased with an elevated TPOAb levels.

In contrast to other research, we found ANA positivity rate was

relatively low in our TPOAb positive patients, which reason was unclear.

An Italy retrospective investigation was conducted the ANA

positivity rate arrived 80% in 265 patients with GD (25). Another

Italy research assessed the prevalence of ANA in 96 pediatric

patients with AITD, in which 86 children with chronic

lymphocytic thyroiditis and 7 with GD, the ANA positivity was

71% (26). But, in a Brazil prospective research, 154 patients with

AITD (70 HT and 84 GD) were followed for the mean period of 5

years, positive ANA was found in 17.5% (27/154) (27).

It has not been found that literatures reported comparing the

ANA positivity rates between TRAb-positive and TRAb-negative

individuals in general patients. But some study results from Bulgaria

and Iran indicated that, compared patients with GD with healthy

persons, the percentage of ANA positivity did not show any

significant difference (28, 29).

In current large sample study, when TRAb<1.75IU/L, ANA

positivity rate was 36.76%. When TRAb≥1.75IU/L, ANA positivity

rate was 31.25%. There was no correlation observed between TRAb

levels and ANA positivity rate in our study, which was similar with

the data from Bulgaria and Iran(28.29). In our study, the ANA
TABLE 4 Comparison of the proportion of patients with IgG ≥ 15 g/L in different TRAb levels.

TRAb (IU/L) IgG ≥ 15 g/L IgG < 15 g/L c2 P OR 95% CI

<1.75 (n=612) 113 (18.46%) 499 (81.54%)
0.601 0.438 0.827

Lower Upper

≥ 1.75 (n=121) 26 (21.49%) 95 (78.51%) 0.512 1.336
TRAb, thyroid-stimulating hormone receptor antibodies; IgG, immunoglobulin G; OR, odds ratio; CI, confidence interval.
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A B C

FIGURE 5

IgG and TRAb levels. (A) Comparison of the proportions of patients with high (≥ 15 g/L) and low (< 15 g/L) IgG levels at different TRAb levels; gray
and purple represent high and low IgG levels, respectively. (B) Proportion of patients with high IgG levels at different TRAb levels. (C) Correlation
between TRAb levels and the risk of having IgG levels. TRAb, thyroid-stimulating hormone receptor antibodies; IgG, immunoglobulin G; CI,
confidence interval; OR, odds ratio. a P=0.438, TRAb level 2 compared with TRAb level 1.
TABLE 5 Comparison of the ANA positivity at different TSH levels.

TSH (mIU/L) ANA positivity ANA negativity Chi-square test Kendall’s tau-b

Level 1 (< 0.3) (n=462)
103

(22.29%)
359

(77.71%)

c2 = 19.806
P=0.00005

Kendall’s tau-b=-0.019
P=0.013

Level 2 (0.3–6) (n=18503)
3884

(20.99%)
14619 (79.01%)

Level 3 (> 6) (n=461)
136

(29.50%)
325

(70.50%)

Level 1 vs level 3 c2 = 6.245; OR=0.686; 95% CI=0.510–0.922; P=0.012

Level 2 vs level 3 c2 = 19.500; OR=0.635; 95% CI=0.518–0.778; P=0.00001
F
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TSH, thyroid-stimulating hormone; ANA, anti-nuclear antibody.
A B C

FIGURE 6

ANA and TSH levels. (A) Comparison of the ANA positivity and negativity rates at different TSH levels; gray and purple indicate ANA positivity and
negativity, respectively. (B) ANA positivity rate at different TSH levels. (C) Correlation between TSH levels and ANA positivity risk. TSH, thyroid-
stimulating hormone; ANA, anti-nuclear antibody; CI, confidence interval. a P=0.012, TSH level 3 compared with TSH level 1; b P=0.00001, TSH level
3 compared with TSH level 2.
TABLE 6 Comparison of the proportion of patients with high (≥ 15 g/L) and low (< 15 g/L) IgG levels at different TSH levels.

TSH (mIU/L) IgG ≥ 15 g/L IgG <15 g/L Chi-squared test Kendall’s tau-b

Level 1 (< 0.3) (n=485)
40

(8.25%)
445

(91.75%)

c2 = 87.680
P=9.13×10-20

Kendall’s tau-b=-0.015
P=0.178

Level 2 (0.3–6) (n=18096)
681

(3.76%)
17415

(96.24%)

Level 3 (> 6)
(n=448)

51
(11.38%)

397
(88.62%)

Level 1 vs level 2 c2 = 25.465; OR=2.299; 95% CI=1.649–3.205; P=4.51×10-7

Level 2 vs level 3 c2 = 66.962; OR=0.304; 95% CI=0.225–0.411; P=2.77×10-16
TSH, thyroid-stimulating hormone; IgG, immunoglobulin G.
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positivity rate in patients with elevated TRAb levels was roughly

higher than that reported in Brazil (27) but lower than that reported

in Italy (26).

Based on the above analysis, we could conclude that the

correlation was significant between TPOAb levels and ANA

positivity rate, whereas TRAb levels did not exhibit the same

consistency. This suggests the pathophysiological mechanisms

underlying different AITDs are not completely uniform.

Additionally, we found higher ANA positivity rates in the range of

TSH > 6mIU/L than in the range of 0.3 mIU/L ≤ TSH ≤ 6 mIU/L. But

for ANA positivity rates, there were no significant difference between

TSH<0.3mIU/L and 0.3 mIU/L ≤ TSH ≤ 6 mIU/L. It can be inferred

from this that ANA positivity is more likely to occur in patients with

elevated TSH levels, such as those with hypothyroidism. Clinically, HT

usually evolves into a primary hypothyroidism (30), which causes

elevated TSH levels. Torok et al. reported that approximately 14% of

ANA-positive children without rheumatologic disease exhibit

hypothyroidism (31). The reports have not been found involving

exploration of the relation between primary hypothyroidism and

ANA positivity rate. In all, the results between TSH levels and ANA

positivity rate supports the above outcome about ANA positivity rate

related to various TPOAb levels, but not TRAb levels.

The current study demonstrated a correlation between TPOAb

levels and ANA positivity and IgG levels, with the ANA positivity rate

increasing as TPOAb levels increased. The elevated TPOAb levels

indicated thyroid follicular epithelial cell injury, suggesting that ANA

positivity may be related to thyroid follicular epithelial cell injury.

Furthermore, TPOAb levels were significantly associated with ANA

positivity risk and high IgG levels. Therefore, since TPOAb serves as a

biomarker for HT, ANA positivity may be intrinsically related to and

involved in HT’s pathological processes, but not that of GD.

Researches based genetic material have become important

evidences for elucidating the pathophysiological mechanisms of

diseases. Found by studies that the SNPs rs3177928 and rs7197 were

correlated with AITD and GD (compared with the healthy control

group), but not with HT (32). The association of the SNP CD40 C/T-1

was evaluated in patients with AITD, and a significant association for

CD40 C/T-1 polymorphism with GD was found, but not with HT.

Individuals carried the C/C or C/T genotype had a significantly higher

risk of GD than those with the T/T genotype, while no association was

observed in HT (33). It was pointed out by Frid from Memorial
Frontiers in Endocrinology 08
University of Newfoundland, of all the HLA subtypes, HLA-DR3 was

the most strongly associated with AITD, especially since 40–50% of

patients with GD harbor the HLA-DR3 gene, in contrast to 15–30% of

the general population (34). But data on HLA haplotypes in HT have

been less definitive than in GD (35). The findings of these studies

support our research conclusions from the perspective of genetic

materials, which exhibited the pathophysiological mechanisms

underlying GD and HT are inconsistent.

This study had some limitations. It was a retrospective study that

included patient data spanning a considerable time period from the

hospital database, making data normalization challenging. Therefore,

future, prospective studies are needed to address this limitation.

Additionally, our findings indicate a correlation only between HT

and ANA, not between GD and ANA. However, this correlation and

its underlying mechanism require further validation.

In summary, based on our research and analysis, the conclusion

can be demonstrated that although bothHT and GD belong to AITD,

their pathophysiological mechanisms are different or distinct.

Therefore, when constructing intervention strategies or developing

guideline for clinical practice, it is necessary to approach HT and GD

in a more targeted and differentiated manner. More importantly, it is

not advisable to treat HT and GD as a single issue and collectively

refer to them as AITD in subsequent deeper research. Instead, they

should be studied individually to gain a more accurate understanding

of their respective pathophysiological mechanisms.
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21. Lazúrová I, Benhatchi K. Autoimmune thyroid diseases and nonorgan−specific
autoimmunity. Pol Arch Med Wewn. (2012) 122 Suppl 1:55–9.

22. Tektonidou MG, Anapliotou M, Vlachoyiannopoulos P, Moutsopoulos HM.
Presence of systemic autoimmune disorders in patients with autoimmune thyroid
diseases. Ann Rheum Dis. (2004) 63:1159–61. doi: 10.1136/ard.2004.022624

23. Napthali K, Boyle M, Tran H, Schofield PW, Peel R, McEvoy M, et al. Thyroid
antibodies, autoimmunity and cognitive decline: is there a population-based link?
Dement Geriatr Cognit Dis Extra. (2014) 4:140–6. doi: 10.1159/000362716

24. Pedro AB, Romaldini JH, Americo C, Takei K. Association of circulating
antibodies against double-stranded and single-stranded DNA with thyroid
autoantibodies in Graves' disease and Hashimoto's thyroiditis patients. Exp Clin
Endocrinol Diabetes. (2006) 114:35–8. doi: 10.1055/s-2005-873005
frontiersin.org

https://doi.org/10.1136/annrheumdis-2018-214819
https://doi.org/10.1177/1759720X221100300
https://doi.org/10.1177/1759720X221100300
https://doi.org/10.1177/0961203321995242
https://doi.org/10.1371/journal.pone.0123291
https://doi.org/10.1186/s13075-023-02999-8
https://doi.org/10.1186/s13075-023-02999-8
https://doi.org/10.1016/j.autrev.2014.01.007
https://doi.org/10.20452/pamw.16222
https://doi.org/10.3389/fendo.2022.1015516
https://doi.org/10.1089/vim.2016.0043
https://doi.org/10.1111/j.1749-6632.2009.04809.x
https://doi.org/10.1111/j.1749-6632.2009.04809.x
https://doi.org/10.1111/1756-185X.13089
https://doi.org/10.1111/1756-185X.13089
https://doi.org/10.1155/2018/6895146
https://doi.org/10.1111/j.1365-2249.1991.tb05633.x
https://doi.org/10.1016/0167-5699(89)90039-X
https://doi.org/10.1007/BF03349575
https://doi.org/10.1007/BF03349575
https://doi.org/10.1056/NEJM199107253250404
https://doi.org/10.1055/a-0799-5068
https://doi.org/10.1089/1050725041517057
https://doi.org/10.1089/1050725041517057
https://doi.org/10.1136/ard.2004.022624
https://doi.org/10.1159/000362716
https://doi.org/10.1055/s-2005-873005
https://doi.org/10.3389/fendo.2024.1368088
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Ruan et al. 10.3389/fendo.2024.1368088
25. Lanzolla G, Puccinelli L, Giudetti M, Comi S, Menconi F, Maglionico MN, et al.
Anti-nuclear autoantibodies in Graves' disease and Graves' orbitopathy. J Endocrinol
Invest. (2023) 46:337–44. doi: 10.1007/s40618-022-01906-3

26. Segni M, Pucarelli I, Truglia S, Turriziani I, Serafinelli C, Conti F. High
prevalence of antinuclear antibodies in children with thyroid autoimmunity.
J Immunol Res. (2014) 2014:150239. doi: 10.1155/2014/150239

27. Nisihara R, Pigosso YG, Prado N, Utiyama SRR, De Carvalho GA, Skare TL.
Rheumatic disease autoantibodies in patients with autoimmune thyroid diseases. Med
Princ Pract. (2018) 27:332–6. doi: 10.1159/000490569

28. Stoynova M. Thyrotropin-receptor antibodies, immunoglobulin E and
antinuclear antibodies in patients with Graves’ Disease and Graves’ Orbitopathy.
Acta Endo (Buc). (2021) 17:194–9. doi: 10.4183/aeb.2021.194

29. Mostafavi H. Anti deoxyribonucleic acid and antinuclear antigen antibodies in
Graves’ disease. Acta Med Iran. (2005) 43:140–2.

30. Ralli M, Angeletti D, Fiore M, D'Aguanno V, Lambiase A, Artico M, et al.
Hashimoto's thyroiditis: An update on pathogenic mechanisms, diagnostic protocols,
Frontiers in Endocrinology 10
therapeutic strategies, and potential Malignant transformation. Autoimmun Rev.
(2020) 19:102649. doi: 10.1016/j.autrev.2020.102649

31. Torok KS, Arkachaisri T. Autoimmune thyroiditis in antinuclear antibody
positive children without rheumatologic disease. Pediatr Rheumatol. (2010) 8:15.
doi: 10.1186/1546-0096-8-15

32. Du P, Zhu J, Yao Q, Cai T, Xu J, Fang Y, et al. HLA-DRA gene polymorphisms
are associated with Graves’ Disease as an autoimmune thyroid disease. Biomed Res Int.
(2022) 2022:6839634. doi: 10.1155/2022/6839634

33. Li M, Sun H, Liu S, Yu J, Li Q, Liu P, et al. CD40 C/T-1 polymorphism plays
different roles in Graves’ disease and Hashimoto’s thyroiditis: A meta-analysis. Endocr
J. (2012) 59:1041–50. doi: 10.1507/endocrj.EJ12-0126

34. Farid NR, Stone E, Johnson G. Graves' disease and HLA: clinical and epidemiologic
associations. Clin Endocrinol (Oxf). (1980) 13:535–44. doi: 10.1111/j.1365-2265.1980.tb03421.x

35. Jacobson EM, Huber A, Tomer Y. The HLA gene complex in thyroid
autoimmunity: from epidemiology to etiology. J Autoimmun. (2008) 30:58–62.
doi: 10.1016/j.jaut.2007.11.010
frontiersin.org

https://doi.org/10.1007/s40618-022-01906-3
https://doi.org/10.1155/2014/150239
https://doi.org/10.1159/000490569
https://doi.org/10.4183/aeb.2021.194
https://doi.org/10.1016/j.autrev.2020.102649
https://doi.org/10.1186/1546-0096-8-15
https://doi.org/10.1155/2022/6839634
https://doi.org/10.1507/endocrj.EJ12-0126
https://doi.org/10.1111/j.1365-2265.1980.tb03421.x
https://doi.org/10.1016/j.jaut.2007.11.010
https://doi.org/10.3389/fendo.2024.1368088
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Relationship between autoimmune thyroid antibodies and anti-nuclear antibodies in general patients
	Introduction
	Materials and methods
	Study design
	Data sources and study cohort
	Thyroid markers, ANA, and IgG detection
	Outcomes
	Statistical analyses

	Results
	Study population
	TPOAb and ANA
	TPOAb and IgG
	TRAb and ANA
	TRAb and IgG
	TSH and ANA
	TSH and IgG

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


