
Vol.:(0123456789)1 3

Inflammopharmacology (2023) 31:2383–2392 
https://doi.org/10.1007/s10787-023-01299-6

ORIGINAL ARTICLE

Inflammopharmacology

Methotrexate is associated with decreased total thyroxine in patients 
with rheumatoid arthritis

Shu‑Lin Chen1,2 · Qiang Xu1,2  · Chang‑Song Lin1,2

Received: 11 April 2023 / Accepted: 12 July 2023 / Published online: 26 July 2023 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2023

Abstract
Background Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease characterized by joint swelling, pain, 
and deformation. RA patients have an increased risk of thyroid dysfunction, and drugs of RA treatment may have potential 
effects on thyroid function.
Methods This is a single-center cross-sectional study including 281 inpatients with RA in the First Affiliated Hospital of 
Guangzhou University of Chinese Medicine. The purpose of this study is to explore the correlation between RA therapeutic 
drugs and thyroid function. The medical records of 281 inpatients with RA were collected, including general data, labora-
tory examination, complications, and RA treatment. Spearman correlation analysis was used to explore the association 
of independent variables with thyroid function and antibodies in RA patients. Multinomial logistics and binary logistic 
regression were used for multivariate analysis. The statistically significance level was set as P < 0.05. SPSS 22.0 was used 
for statistical analysis.
Results Patients taking methotrexate (OR = 0.067, 95%CI: 0.008–0.588, P = 0.015) had lower levels of total thyroxine (TT4) 
(TT4 < 78.38 nmol/L). There was a negative correlation between glucocorticoids (r = − 0.153, P = 0.010) and total triiodo-
thyronine (TT3) level (TT3 ≥ 1.34 nmol/L), but it was not significant in the multivariate regression model of TT3, although 
the regression model was statistically significant (P = 0.001).
Conclusion Methotrexate is associated with decreased TT4 levels in RA patients, and glucocorticoids is associated with 
decreased TT3 levels. Drugs of RA treatment may affect the thyroid function of patients while treating RA, which may be 
one of the causes of secondary thyroid diseases in RA patients.
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Background

Rheumatoid arthritis (RA) is a chronic inflammatory auto-
immune disease characterized by symmetrical swelling, 
pain, and stiffness of joints, which can lead to joint deform-
ity and limitation of joint activity, seriously affecting the 
quality of life of patients (Komatsu and Takayanagi 2022). 

The typical laboratory manifestations of RA patients were 
positive for rheumatoid factor (RF) and anti-citrullinated 
protein antibody (ACPA), and elevated C-reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) levels (Ale-
taha et al. 2010). Narrowing of joint space and destruction 
of joint structure could be observed on imaging. The treat-
ment of RA includes glucocorticoids (GCs), nonsteroidal 
anti-inflammatory drugs (NSAIDs), and disease-modifying 
antirheumatic drugs (DMARDs) (Fraenkel et al. 2021).

The thyroid is one of the targets of autoimmune disease. 
Thyroid dysfunction can not only lead to thyroid lesions, 
but also related to the increased risk of mortality of diseases 
such as heart disease (Biondi et al. 2019). Serum thyroid 
hormones (THs) and thyroid autoantibodies (TAbs) are 
important indicators for screening early thyroid diseases. 
THs contain triiodothyronine (T3) and thyroxine (T4). Thy-
roid-stimulating hormone (TSH) can promote the production 
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of T3 and T4 and regulate growth, development and metabo-
lism with them (Jing and Zhang 2022). The positive results 
of anti-thyroglobulin antibody (TgAb) and anti-thyroperox-
idase antibody (TPOAb) suggest thyroid immune diseases 
(Dwivedi et al. 2022).

Many studies have shown that there is an association 
between RA and thyroid diseases. Compared with non-RA 
patients, RA patients have an increased risk of thyroid dys-
function (Liu et al. 2022). The level of THs in RA patients 
are related to serum ESR and RF levels (Atzeni et al. 2008). 
RA patients with positive TAbs had higher disease activ-
ity score-28 and more severe joint damage than those with 
negative TAbs (Chen et al. 2018). However, the effect of RA 
treatment on thyroid function is often ignored. A Swedish 
study showed that the prevalence of autoimmune thyroid 
diseases (AITD) in RA patients increased in the five years 
before the diagnosis of RA, with a prevalence of 10.3% at 
the time of diagnosis of RA (Waldenlind et al. 2018). After 
the diagnosis of RA, the risk of AITD was reduced. This 
result may indicate the potential impact of drugs of RA treat-
ment on thyroid function.

Therefore, the purpose of this study is to explore the cor-
relation between RA therapeutic drugs and THs and TAbs.

Subjects and methods

Data and sample sources

This is a single-center cross-sectional study. This study does 
not involve identifiable personal information and meets the 
criteria of exempting patients’ informed consent from the 

Ethics Committee of the First Affiliated Hospital of Guang-
zhou University of Chinese Medicine (FAHGUCM). The 
commitment to protect the privacy of subjects has been 
submitted to the Ethics Committee. This study has been 
approved by the Ethics Committee of FAHGUCM (NO. 
JY[2021]063).

The medical records of 281 inpatients with RA in FAH-
GUCM from July 2014 to June 2021 were collected, includ-
ing general data, laboratory examination, complications and 
RA treatment. The diagnosis was made according to the 
2010 American College of Rheumatology (ACR)/European 
Alliance of Association for Rheumatology RA classification 
criteria (Aletaha et al. 2010).

Patients under 18 years old, pregnant women, patients 
with a history of thyroid diseases before the first diagnosis of 
RA, patients with a history of taking drugs affecting thyroid 
function, neck surgery, neck regional radiotherapy, tumor, 
hypothalamus or pituitary diseases were excluded from the 
study (Fig. 1).

Assessment of thyroid function and thyroid 
antibodies

Blood samples of patients were obtained from the inpatient 
department of FAHGUCM. TSH, total triiodothyronine 
(TT3), total thyroxine (TT4), Free T3 (FT3), and Free T4 
(FT4) were detected using microparticle chemilumines-
cence method with BECKMAN COULTER UniCel DxI 800 
Access. TgAb and TPOAb were detected using acridine ester 
chemiluminescence method with Abbott U.S. ARCHITECT 
i2000SR.

Fig. 1  Flowchart of the sample 
selection from FAHGUCM 
2014–2021
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Thyroid function and thyroid antibodies were treated 
as outcome variables in this study. Patients were divided 
into groups according to the distribution of patients and 
the reference range of laboratory tests. TSH was catego-
rized as < 0.56, 0.56–5.91 and > 5.91 mIU/L. TT3 was cat-
egorized as < 1.34 and ≥ 1.34 nmol/L. TT4 was catego-
rized as < 78.38 and ≥ 78.38 nmol/L. FT3 was categorized 
as < 3.8 and ≥ 3.8 pmol/L. FT4 was categorized as ≤ 12.49 
and > 12.49 pmol/L. TgAb was categorized as TgAb (+) 
and TgAb (−). TPOAb was categorized as TPOAb (+) and 
TPOAb (−).

Subgroup analysis

Variables that may affect thyroid function and thyroid anti-
bodies in RA patients were included in this study, as detailed 
in Supplementary information (SI) 1. The detection meth-
ods and instruments used for laboratory tests in the vari-
ables are shown in SI 2. In the subgroup analysis, patients 
were grouped according to the reference range of laboratory 
tests provided by the kit instructions and the distribution of 
patients (SI 3).

Statistical analysis

SPSS 22.0 was used for statistical analysis. The normality 
of the quantitative data was evaluated by the Shapiro–Wilk 
test. The data with abnormal distribution were presented as 
median (Interquartile range [IQR]), and the data with nor-
mal distribution were presented as mean ± standard devia-
tion (SD). Qualitative data were presented as number and 
percentage. In the subgroup analysis, Spearman correlation 
analysis was used to explore the association of independ-
ent variables with thyroid function and antibodies in RA 
patients. The significant variables in the Spearman corre-
lation analysis were included in the multivariate analysis, 
using multinomial logistics regression and enter method in 
binary logistic regression. The statistically significance level 
was set as P < 0.05.

Results

Baseline characteristics of participants

A total of 281 participants were enrolled, of whom 78.6% 
were females and 21.4% were males, with an average age 
of 56.57 ± 12.52 years and the median RA duration of 72.0 
(24.0,144.0) months. The baseline characteristics of RA par-
ticipants are shown in Table 1.

Subgroup analysis of TSH

Spearman correlation analysis was used to explore the 
association between variables and TSH in 281 RA patients. 
The results showed that heart diseases (r = −  0.145, 
P = 0.015) and glucose (Glu) ≥ 6.1 mmol/L (r = − 0.118, 
P = 0.049) were negatively correlated with TSH level, while 
RF ≥ 160 IU/mL (r = 0.147, P = 0.013) and anti-double-
stranded DNA (dsDNA) antibody (+) (r = 0.134, P = 0.024) 
were positively correlated with TSH level. The association 
between TSH and variables in RA patients is shown in sup-
plemental Table S1.

Heart disease, Glu, RF, and anti-dsDNA antibody (+) 
were incorporated in the multinomial logistics regression 
model of TSH (Table 2). The regression model was statisti-
cally significant (P = 0.001). Among them, RA patients with 
heart diseases (P = 0.008, OR = 3.102, 95%CI: 0.990–9.723) 
had lower TSH levels (TSH < 0.56 mIU/L), and RF ≥ 160 IU/
mL (P = 0.029, OR = 2.745, 95%CI: 1.019–7.396) was the 
high-risk factor for the increased TSH (TSH > 5.91 mIU/L).

Subgroup analysis of TT3

Spearman correlation analysis was used to explore the 
association between variables and TT3 in 281 RA patients. 
The results showed that GCs (r = −  0.153, P = 0.010), 
Glu ≥ 6.1 mmol/L (r = − 0.213, P < 0.001), white blood 
cell (WBC) ≥ 10 ×  109/L (r = −  0.170, P = 0.004), neu-
trophil (NEU) ≥ 7.5 ×  109/L (r = − 0.204, P = 0.001), red 
blood cell (RBC) < 3.5 ×  1012/L (r = − 0.160, P = 0.007), 
hemoglobin (HGB) < 110  g/L (r = −  0.259, P < 0.001), 
platelet (PLT) ≥ 300 ×  109/L (r = −  0.193, P = 0.001), 
ESR ≥ 15 mm/h (r = − 0.141, P = 0.018), CRP ≥ 8 mg/L 
(r = − 0.245, P < 0.001), and complement 4 (C4) < 0.16 g/L 
(r = − 0.142, P = 0.017) were negatively correlated with 
TT3 ≥ 1.34 nmol/L. The association between TT3 and vari-
ables in RA patients is shown in supplemental Table S2.

GCs, Glu, WBC, NEU, RBC, HGB, PLT, ESR, CRP, 
and C4 were incorporated in the binary logistic regression 
model of TT3 (Table 3). The regression model was statis-
tically significant (P < 0.001). Among them, RA patients 
with Glu ≥ 6.1 mmol/L (OR = 0.234, 95%CI: 0.094–0.582, 
P = 0.002), HGB < 110  g/L (OR = 0.387, 95%CI: 
0.206–0.728, P = 0.003) or C4 < 0.16  g/L (OR = 0.399, 
95%CI: 0.177–0.898, P = 0.026) had lower TT3 levels 
(TT3 < 1.34 nmol/L).

Subgroup analysis of TT4

Spearman correlation analysis was used to explore the 
association between variables and TT4 in 281 RA patients. 
The results showed that methotrexate (MTX) (r = − 0.161, 
P = 0.007) and total cholesterol (T-Chol) ≥ 5.2  mmol/L 
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(r = − 0.125, P = 0.036) were negatively correlated with 
TT4 ≥ 78.38 nmol/L. The association between TT4 and 
variables in RA patients is shown in supplemental Table S3.

MTX and T-Chol were incorporated in the binary logistic 
regression model of TT4 (Table 4). The regression model 
was statistically significant (P = 0.002). Among them, 
patients taking MTX (OR = 0.067, 95%CI: 0.008–0.588, 
P = 0.015) or with T-Chol ≥ 5.2  mmol/L (OR = 0.147, 
95%CI: 0.030–0.715, P = 0.018) had lower levels of TT4 
(TT4 < 78.38 nmol/L).

Subgroup analysis of FT3

Spearman correlation analysis was used to explore 
the association between variables and FT3 in 281 RA 
patients. The results showed that GCs (r = −  0.128, 
P = 0.032), NEU ≥ 7.5 ×  109/L (r = − 0.119, P = 0.047), 
RBC < 3.5 ×  1012/L (r = − 0.199, P = 0.001), HGB < 110 g/L 

(r = −  0.144, P = 0.015), anti-dsDNA antibody (+) 
(r = − 0.123, P = 0.039), and complement 3 (C3) < 0.79 g/L 
(r = − 0.124, P = 0.038) were negatively correlated with 
FT3 ≥ 3.8 pmol/L. The association between FT3 and vari-
ables in RA patients is shown in supplemental Table S4.

GCs, NEU, RBC, HGB, anti-dsDNA antibody, and C3 
were incorporated in the binary logistic regression model of 
FT3 (Table 5). The regression model was statistically signifi-
cant (P = 0.001). However, there was no statistical difference 
among the variables.

Subgroup analysis of FT4

Spearman correlation analysis was used to explore 
the association between variables and FT4 in 281 RA 
patients. The results showed that gastrointestinal dis-
eases (r = 0.153, P = 0.010), WBC ≥ 10 ×  109/L (r = 0.156, 
P = 0.009), HGB < 110  g/L (r = 0.146, P = 0.014), 

Table 1  The baseline 
characteristics of RA 
participants

RA, rheumatoid arthritis; GCs, glucocorticoids; NSAIDs, nonsteroidal anti-inflammatory drugs; MTX, 
methotrexate; LEF, leflunomide; IGU, iguratimod; HCQ, hydroxychloroquine; WBC, white blood cell; 
NEU, neutrophil; LYM, lymphocyte; RBC, red blood cell; HGB, hemoglobin; PLT, platelet; Glu, glucose; 
UA, uric acid; T-Chol, total cholesterol; TG, triglyceride; ESR, erythrocyte sedimentation rate; RF, rheu-
matoid factor; CRP, C-reactive protein; ACPA, anti-citrullinated protein antibody; ANA, anti-nuclear anti-
body; Anti-dsDNA antibody, anti-double-stranded DNA antibody; C3, complement 3; C4, complement 4; 
TSH, thyrotropin; TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine; FT4, free 
thyroxine; TgAb, anti-thyroglobulin antibody; TPOAb, anti-thyroperoxidase antibody

Variables RA patients (N = 281) Variables RA patients (N = 281)

Gender (%) NEU (×  109/L) 4.84 ± 2.69
 Female 221 (78.6) LYM (×  109/L) 1.72 ± 0.71
 Male 60 (21.4) RBC (×  1012/L) 3.96 (3.62,4.35)

Age (year) 56.57 ± 12.52 HGB (g/L) 108.65 ± 18.02
Duration (month) 72.00 (24.00,144.00) PLT (×  109/L) 309.81 ± 115.13
Comorbidities (%) Glu (mmol/L) 5.38 ± 1.69
 Autoimmune diseases 58 (20.6) UA (μmol/L) 276.10 ± 99.90
 Osteoporosis 98 (34.9) T-Chol (mmol/L) 4.49 ± 1.11
 Gastrointestinal diseases 39 (13.9) TG (mmol/L) 1.08 ± 0.48
 Osteoarthritis 41 (14.6) ESR (mm/h) 48.32 ± 32.02
 Hypertension 69 (24.6) RF (+) (%) 225 (80.07)
 Heart diseases 32 (11.4) CRP (mg/L) 25.40 (8.74,67.30)
 Brain diseases 14 (5.0) ACPA (+) (%) 238 (84.70)

Drugs (%) ANA (+) (%) 232 (82.6)
 GCs 121 (43.1) Anti-dsDNA antibody 

(+) (%)
23 (8.2)

 NSAIDs 214 (76.2) C3 (g/L) 1.05 ± 0.28
 MTX 104 (37.0) C4 (g/L) 0.24 ± 0.19
 LEF 118 (42.0) TSH (mIU/L) 1.74 (1.13,2.99)
 IGU 29 (10.3) TT3 (nmol/L) 1.23 ± 0.42
 HCQ 31 (11.0) TT4 (nmol/L) 122.92 ± 27.16
 Tofacitinib 10 (3.6) FT3 (pmol/L) 4.53 ± 1.38
 Etanercept 26 (9.3) FT4 (pmol/L) 12.87 ± 3.09

Laboratory tests TgAb (+) (%) 102 (36.3)
 WBC (×  109/L) 7.26 ± 3.06 TPOAb (+) (%) 69 (24.6)
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PLT ≥ 300 ×  109/L (r = 0.267, P < 0.001) and CRP ≥ 8 mg/L 
(r = 0.213, P < 0.001) were positively correlated with 
FT4 > 12.49 pmol/L. The association between FT4 and 
variables in RA patients is shown in supplemental Table S5.

Gastrointestinal diseases, WBC, HGB, PLT, and CRP 
were incorporated in the binary logistic regression model 
of FT4 (Table 6). The regression model was statistically sig-
nificant (P < 0.001). Among them, patients with gastrointes-
tinal diseases (OR = 2.770, 95%CI: 1.291–5.947, P = 0.009) 
or PLT ≥ 300 ×  109/L (OR = 2.157, 95%CI: 1.232–3.777, 
P = 0.007) had higher FT4 levels (FT4 > 12.49 pmol/L).

Subgroup analysis of TgAb

Spearman correlation analysis was used to explore the asso-
ciation between variables and TgAb in 281 RA patients. 
The results showed that autoimmune diseases (r = 0.127, 
P = 0.033) and anti-dsDNA antibody (+) (r = 0.153, 
P = 0.010) were positively correlated with TgAb (+), while 
gastrointestinal diseases (r = − 0.175, P = 0.003) were nega-
tively correlated with TgAb (+). The association between 
TgAb and variables in RA patients is shown in supplemental 
Table S6.

Autoimmune diseases, gastrointestinal diseases and anti-
dsDNA antibody were incorporated in the binary logistic 
regression model of TgAb (Table 7). The regression model 
was statistically significant (P < 0.001). Among them, 
autoimmune diseases (OR = 1.985, 95%CI: 1.083–3.640, 
P = 0.027) and anti-dsDNA antibody (+) (OR = 3.250, 
95%CI: 1.308–8.074, P = 0.011) were the high-risk factors 
for TgAb (+). RA patients with gastrointestinal diseases 
(OR = 0.266, 95%CI: 0.106–0.669, P = 0.005) are less likely 
to be TgAb positive.

Subgroup analysis of TPOAb

Spearman correlation analysis was used to explore the asso-
ciation between variables and TPOAb in 281 RA patients. 
The results showed that osteoporosis (r = − 0.123, P = 0.040) 
was negatively correlated with TPOAb (+). The association 
between TPOAb and variables in RA patients is shown in 
supplemental Table S7.

Discussion

In our cross-sectional study of 281 subjects, we observed 
that RA patients treated with MTX were more likely to 
have lower TT4 levels than those without MTX. In corre-
lation analysis, RA patients treated with GCs were more 
likely to have lower TT3 levels, but this result was not sig-
nificant in regression model, although the regression model Ta
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was statistically significant. Our results suggest that MTX 
may be an independent risk factor for TT4 reduction in RA 
patients.

A study in Sweden showed that young RA patients with 
AITD had a lower initial response rate to MTX, but this 
effect was not found in older patients (Waldenlind et al. 
2020). Tokumaru reported a RA patient with thyroid lym-
phoid hyperplasia. The patient’s symptoms were alleviated 
after discontinuation of MTX (Tokumaru et al. 2021). On 

the other hand, MTX is considered as a potential effective 
drug for the treatment of Graves’ ophthalmopathy (Genere 
and Stan 2019). In a study by Sipkova et al., MTX was 
shown to reduce disease activity and decrease glucocorti-
coid usage in patients with active thyroid eye disease, which 
may be related to the reduction of non-site-specific immune 
responses by the intervention of cellular immune pathways 
(Sipkova et al. 2018; Strianese and Rossi 2019). However, 
the mechanism of MTX on thyroid function remains unclear.

Table 3  Binary logistic regression model of TT3

Binary logistic regression model for association between TT3 and variables (GCs, Glu, WBC, NEU, RBC, HGB, PLT, ESR, CRP and C4). OR 
(95% CI) are the odds ratio (95% confidence interval) of subgroup TT3 ≥ 1.34 nmol/L compared with subgroup TT3 < 1.34 nmol/L. *Significant 
difference (P < 0.05), **significant difference (P < 0.01). The regression model was statistically significant (P < 0.001)

Table 4  Binary logistic regression model of TT4

Binary logistic regression model for association between TT4 and variables (MTX and T-Chol). OR (95% CI) are the odds ratio (95% confi-
dence interval) of subgroup TT4 ≥ 78.38 nmol/L compared with subgroup TT4 < 78.38 nmol/L. *Significant difference (P < 0.05). The regression 
model was statistically significant (P = 0.002)



2389Methotrexate is associated with decreased total thyroxine in patients with rheumatoid…

1 3

Many studies have shown the correlation between RA 
and thyroid dysfunction. It is easy to find evidence to sup-
port the association between drugs of RA treatment and thy-
roid without considering the impact of RA. Celecoxib can 
significantly reduce serum TSH levels in rats (Selmanoğlu 
et al. 2006). Mild to moderate lymphoid areas and mild 
glial deformation can be observed in thyroid tissues of rats 
treated with celecoxib. The increased vacuoles in the col-
loid indicate that it has more hormone secretion activity. Re 
et al. found that serum basal TSH level, the production rates 
of TSH, TSH peak response to thyrotropin-releasing hor-
mone (TRH) and TSH reserve decreased and TSH metabolic 
clearance rates increased after dexamethasone treatment in 

8 normal subjects, while basal prolactin (PRL), peak PRL 
after TRH and PRL reserve did not change after dexameth-
asone administration (Re et al. 1976). At the same time, 
the TT3 and FT3 levels of patients decreased. The patient’s 
TSH level increased after taking metyrapone to reduce 
plasma cortisol levels. This may suggest that high-dose 
dexamethasone can directly inhibit pituitary TSH secretion. 
In addition, the physiological level of circulating cortisol 
also has an inhibitory effect on serum TSH. Kasono et al. 
reported that serum FT3 levels increased in 3 patients after 
treatment with diclofenac, and decreased to normal levels 
after discontinuation of diclofenac (Kasono et al. 2001). 
Diclofenac can promote the release of FT3 or FT4 from 

Table 5  Binary logistic regression model of FT3

Binary logistic regression model for association between FT3 and variables (GCs, NEU, RBC, HGB, anti-dsDNA antibody and C3). OR (95% 
CI) are the odds ratio (95% confidence interval) of subgroup FT3 ≥ 3.8  pmol/L compared with subgroup FT3 < 3.8  pmol/L. The regression 
model was statistically significant (P = 0.001)

Table 6  Binary logistic regression model of FT4

Binary logistic regression model for association between FT4 and variables (gastrointestinal diseases, WBC, HGB, PLT and CRP). OR (95% CI) 
are the odds ratio (95% confidence interval) of subgroup FT4 > 12.49 pmol/L compared with subgroup FT4 ≤ 12.49 pmol/L. **Significant differ-
ence (P < 0.01). The regression model was statistically significant (P < 0.001)
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thyroid hormone-binding protein, resulting in a decrease in 
TSH and a slight increase in FT3 and FT4. Also, the cross 
reaction between diclofenac and FT3 in some kits may lead 
to false-positive FT3, which can be avoided by improving 
anti-FT3 antibodies.

Although these drugs may affect THs or TAbs, they are 
still widely used in the treatment of RA. According to com-
mon sense, these drugs are undoubtedly an important fac-
tor leading to thyroid dysfunction in RA patients. However, 
when the drugs are mixed with various factors to calculate 
their effects on thyroid function in RA patients, we find that 
the effects of drugs are not as much as speculated. In this 
study, NSAIDs, LEF, IGU, HCQ, tofacitinib, and etaner-
cept did not show correlation with THs and TAbs in RA 
patients. RA patients treated with GCs showed lower TT3 
levels, but there was no significant difference in regres-
sion analysis, which may be related to the small number 
of samples included. In addition, the confounding factors 
of multivariate analysis may also interfere with the sta-
tistical results. It is worth noting that some drugs of RA 
treatment have therapeutic effects on thyroid diseases. LEF 
can down-regulate the neuroendocrine markers ASCL1 
and chromaffin A, and inhibit the proliferation of human 
medullary thyroid cancer cells in a dose-dependent manner 
(Alhefdhi et al. 2013). Bliddal et al. showed that biological 
DMARDs did not induce or aggravate autoimmune thyroid 
diseases, but had a tendency to reduce TPOAb and TgAb 
concentrations and reduce TSH levels in patients with hypo-
thyroidism (Bliddal et al. 2017). Rituximab is a commonly 
used drug for the treatment of RA. Studies have found that 
it can be used to treat Graves’ disease and Graves’ orbitopa-
thy. Compared with Graves’ disease patients treated with 
antithyroid drugs alone, patients treated with rituximab com-
bined with antithyroid drugs had higher remission rate and 
lower recurrence rate, which may be related to B cell deple-
tion caused by rituximab and its reduction of TRAb titer 

(Supronik et al. 2022). The improvement of thyroid function 
was observed in patients with hypothyroidism or TPOAb 
positive patients treated with adalimumab for 6 months, 
including the decrease of TSH level and TPOAb titer (Rater-
man et al. 2011). However, some studies show the opposite 
results. Cañas CA reported a 32-year-old man who devel-
oped fever and thyroid pain after 8 months of etanercept 
treatment for RA (Cañas et al. 2009). Thyroid biopsy showed 
granulomatous thyroiditis. After ceasing etanercept treat-
ment and administering steroid therapy, the patient’s clinical 
and laboratory results improved. Another study showed that 
etanercept may cause subacute thyroiditis in RA patients 
(Hella et al. 2017).

In addition to drugs, we found that other factors in RA 
may be related to thyroid function in RA patients. In our 
study, we found that the higher level of RF is associated 
with the increase of TSH. However, this may be related to 
the fact that RF can interfere with the TSH results detected 
by chemiluminescent and IRMA assays, resulting in a false 
increase in TSH (Georges et al. 2011). We also found that 
RA patients with low C4 have lower TT3 levels, and patients 
with other autoimmune diseases or anti-dsDNA antibody 
positive are more likely to develop TgAb (+). Anti-dsDNA 
antibody was positive in some RA patients, and cytoplas-
mic dsDNA was involved in the pathological process of RA 
synovitis (Wang et al. 2019). Studies by SiriwardhaneT et al. 
showed that 26.9% of TgAb-positive patients were positive 
for anti-dsDNA or autoantibodies to extractable nuclear 
antigens, which was associated with autoimmune diseases 
(Siriwardhane et al. 2018).

In addition to that, several factors such as comorbid heart 
disease in RA patients, as well as Glu, T-Chol and HGB 
levels, were also found to be associated with thyroid func-
tion in this study. These factors and thyroid function are 
mutually causal, and their correlation seems to be more due 
to thyroid diseases rather than RA, which needs to be further 

Table 7  Binary logistic regression model of TgAb

Binary logistic regression model for association between TgAb and variables (autoimmune diseases, gastrointestinal diseases and anti-dsDNA 
antibody). OR (95% CI) are the odds ratio (95% confidence interval) of subgroup TgAb ( +) compared with subgroup TgAb (−). *Significant dif-
ference (P < 0.05), **Significant difference (P < 0.01). The regression model was statistically significant (P < 0.001)
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clarified by more studies (Liu et al. 2022; Wang et al. 2023; 
Kjaergaard et al. 2022).

Conclusion

Our study shows that MTX is associated with decreased TT4 
levels in RA patients, and GCs is associated with decreased 
TT3 levels. Drugs of RA treatment may affect the thyroid 
function of patients while treating RA, which may be one 
of the causes of secondary thyroid diseases in RA patients. 
However, the mechanism of RA therapeutic drugs on thyroid 
needs to be further clarified.
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