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Abstract

Background/aim Tumor necrosis factor-alpha (TNF-a) plays a central role in chronic inflammatory diseases. Anti-TNF
agents are widely used in rheumatological conditions; however, their association with thyroid hormone parameters in
patients without pre-existing thyroid disease remains incompletely understood. This study aimed to evaluate changes
in thyroid hormone profiles during anti-TNF therapy in euthyroid patients with rheumatic diseases.

Methods In this retrospective study, 98 patients diagnosed with rheumatoid arthritis, ankylosing spondylitis, or
Behcet's disease without known thyroid disease were evaluated. Thyroid function tests, including thyroid-stimulating
hormone (TSH), free triiodothyronine (fT3), and free thyroxine (fT4), anti-thyroid peroxidase (anti-TPO) antibodies,
inflammatory markers such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), and metabolic
parameters were assessed at baseline and after 3 and 6 months of anti-TNF therapy.

Results Anti-TNF therapy was associated with significant reductions in inflammatory markers (CRP and ESR, p<0.01).
A modest decrease in fasting glucose levels and an increase in high-density lipoprotein cholesterol (HDL-C) were
observed during follow-up (p=0.024 and p=0.044, respectively). TSH and fT4 levels remained stable over time,
whereas a gradual increase in fT3 levels was observed (p <0.01). No significant changes were detected in anti-TPO
antibody levels.

Conclusions Among euthyroid patients with rheumatic diseases, predominantly rheumatoid arthritis and ankylosing
spondylitis, anti-TNF therapy was associated with stable thyroid function parameters. The observed increase in fT3
levels may reflect reduced inflammatory burden rather than direct thyroidal effects. These findings support the
thyroid safety of anti-TNF agents while highlighting potential links between inflammation control and peripheral
thyroid hormone conversion.
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Introduction Recent investigations have underscored the correla-

Tumor necrosis factor-alpha (TNF-a) constitutes a pro-
inflammatory cytokine that is integral in the modulation
of the inflammatory response [1]. The synthesis of TNF-a
is significantly elevated in numerous chronic autoim-
mune rheumatic disorders, notably including rheuma-
toid arthritis (RA), ankylosing spondylitis (AS), Behcet’s
disease (BD), and Familial Mediterranean Fever (FMF),
leading to tissue destruction and systemic inflammation
[2]. In circumstances where disease-modifying antirheu-
matic drugs (DMARDs), which have been utilized in the
management of rheumatic conditions, prove ineffective
or are contraindicated, a variety of biological therapeu-
tics known as anti-TNF agents have been formulated
to attenuate the inflammatory response associated with
these diseases [2, 3]. Anti-TNF agents are extensively
employed in contemporary therapeutic regimens for
autoimmune diseases and have demonstrated superior
efficacy compared to DMARDs, particularly those uti-
lized in the treatment of rheumatic disorders [2].

tion between inflammatory processes and autoimmune
phenomena, while also suggesting the potential interac-
tions between TNF-a and thyroid physiological functions
[4-7]. Inflammatory cytokines, including TNF-a, may
alter hypothalamic—pituitary—thyroid axis activity and
deiodinase-mediated thyroid hormone metabolism in the
context of systemic inflammation [8]. Thyroid patholo-
gies frequently manifest in conjunction with autoimmune
mechanisms, with entities such as Hashimoto’s thyroid-
itis and Graves’ disease originating from autoimmune eti-
ology [9, 10]. The immunomodulatory effects of TNF-«
on thyroid cells and the effects of anti-TNF therapies on
thyroid functions have not been fully elucidated [11].
Considering the increasing use of these agents, under-
standing their effects on thyroid functions is of great
importance [12]. Nevertheless, the existing literature
presents inconsistencies, with several studies indicat-
ing that anti-TNF therapies might induce alterations in
thyroid autoantibody concentrations and subsequently
affect thyroid functionality [8, 12, 13]. Within the existing
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literature, while certain studies propose that anti-TNF
therapy could confer benefits in autoimmune thyroid
conditions (notably Graves’ ophthalmopathy), a limited
number of case reports suggest the emergence of adverse
outcomes such as subacute thyroiditis or granulomatous
thyroiditis, thereby indicating that thyroid autoimmunity
may be provoked by these therapeutic agents [11, 14—22].
This scenario highlights that anti-TNF therapies may
yield divergent outcomes concerning thyroid function-
ality and autoimmunity, with a definitive effect yet to be
established.

Given the disparate findings in the existing literature
regarding the influence of anti-TNF agent therapy on
thyroid function, our objective was to investigate the
potential effects and safety profile of anti-TNF treat-
ments on thyroid physiology in patients devoid of prior
thyroid pathology, who were also not undergoing anti-
thyroid pharmacotherapy or thyroid hormone replace-
ment. Consequently, we sought to elucidate the early
and mid-term ramifications of these agents in individu-
als exhibiting normative thyroid functionality. To achieve
this, we assessed the impact of the anti-TNF agents
etanercept, golimumab, adalimumab, infliximab, and
certolizumab pegol on thyroid function parameters and
autoantibody concentrations over a specified duration in
patients diagnosed with RA, AS, or BD, all of whom had
no antecedent thyroid disorders. The principal aim of this
investigation is to ascertain the effects of anti-TNF thera-
pies on the levels of thyroid hormones. The outcomes of
this research may significantly enhance the comprehen-
sion of the interplay between inflammatory processes
and thyroid hormone metabolism, thereby facilitating the
formulation of more informed therapeutic approaches in
clinical settings.

Methods

Study design and ethical approval

This retrospective study was conducted to evaluate the
association between anti-TNF therapy and thyroid hor-
mone parameters in adult patients aged 18-75 years
diagnosed with RA, AS, or Behget’s disease. All par-
ticipants were followed at the Rheumatology Outpatient
Clinic of a tertiary university medical center between 01
January 2022 and 31 January 2024.

Ethical approval for the study was obtained from the
Recep Tayyip Erdogan University Non-Invasive Clinical
Research Ethics Committee (Approval Date: 08.02.2024;
Approval Number: 2024/35). The study was performed in
accordance with the ethical principles of the Declaration
of Helsinki.

Given the retrospective design of the study and the
use of anonymized data derived from existing medi-
cal records, the requirement for written informed con-
sent specific to this study was waived by the local ethics
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committee. All relevant clinical and laboratory data were
collected retrospectively from the hospital’s electronic
medical records and archived files. To ensure confiden-
tiality, each patient was assigned a unique identification
number, and all data were fully anonymized prior to
analysis.

In routine clinical practice at our institution, all
patients provide written informed consent prior to initi-
ating biologic therapies, and comprehensive screening is
performed for tuberculosis, viral hepatitis, human immu-
nodeficiency virus (HIV) infection, active infections, and
malignancies before treatment.

Study participants

The CONSORT flow diagram pertaining to the current
study is illustrated in Fig. 1. The inclusion and exclusion
criteria for study participants are shown in Table 1. Out
of the 105 patients subjected to initial evaluation, 7 (com-
prising 1 hyperthyroid and 6 hypothyroid individuals)
were excluded from the study due to the identification of
thyroid dysfunction. Consequently, a total of 98 patients
were incorporated into the study. Among these, 39
patients have a diagnosis of RA, 46 were diagnosed with
AS, and 13 were identified with Behget’s disease. All diag-
noses were validated by a single rheumatologist in accor-
dance with the internationally recognized criteria specific
to each respective condition (Behget’s disease according
to the guidelines set forth by the International Behget’s
Disease Study Group (ICBD) [23], the American College
of Rheumatology/European League Against Rheuma-
tism (ACR/EULAR) 2010 criteria for RA [24], and the AS
diagnosis adhered to the Assessment in Spondylarthritis
International Society (ASAS) criteria) [25]. Each patient
commenced treatment in alignment with the pertinent
clinical strategy. Treatment determinations were made
by the rheumatologist, considering the patient’s clinical
presentation, comorbid conditions, and prevailing rheu-
matological treatment protocols. Additional treatments
considered necessary as standard practice (for instance,
supplementary DMARDs such as low-dose methotrexate
or sulfasalazine) could be arranged alongside anti-TNF
treatment; however, any supplementary interventions
that might impact thyroid function (including thyroid
hormone replacement therapy, antithyroid medications,
amiodarone, lithium, iodine-containing contrast agents,
etc.) were expressly excluded from this study protocol.

Data collection and laboratory methods

Data were collected retrospectively from medical records
between 01 January 2022 and 31 January 2024. The
authors accessed the research data for analysis and inter-
pretation between February 2024 and April 2024. Demo-
graphic information (such as age, gender, body mass
index, the presence of comorbidities, duration of illness,
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Fig. 1 CONSORT Flow diagram

Table 1 The inclusion and exclusion criteria for study participants
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Excluded (n=7)
(hypothyroidism=6,
hyperthyroidism=1)

Unfollowed (n=0)

Unfollowed (n=0)

Inclusion Criteria

Exclusion Criteria

- Individuals must be aged between 18 and 75 years

« A confirmed diagnosis of rheumatoid arthritis (RA), ankylosing spondylitis (AS), or Behcet's
disease must be established in accordance with pertinent international diagnostic and screen-

ing guidelines

« Participants must have recently commenced at least one of the anti-TNF biologic therapies
(including etanercept, golimumab, adalimumab, infliximab, or certolizumab pegol)

« Baseline thyroid function assessments (comprising TSH, fT3, and fT4 levels) must fall within

« Prior administration of anti-TNF agents

- Participants with known or newly diagnosed
thyroid dysfunction, specifically hyperthyroidism or
hypothyroidism,

- Individuals currently receiving antithyroid medica-
tions or thyroid hormone replacement therapy for
any purpose, or any treatments that may influence
thyroid function, such as amiodarone or lithium

« Pregnancy and/or lactation

normal physiological ranges, with no documented history of thyroid pathology present

- A minimum follow-up duration of six months

« Individuals below the age of 18 or above the age
of 75

and utilized medications) pertaining to the patients
was meticulously documented during the initial con-
sultation. Hematological and biochemical assessments
(including complete blood count, liver and renal func-
tion tests, and lipid profile) alongside thyroid function
tests—namely thyroid-stimulating hormone (TSH), free
triiodothyronine (fT3), and free thyroxine (fT4)—as well

as measurement of anti-thyroid peroxidase antibodies
(anti-TPO Ab), which are commonly detected in patients
with autoimmune hypothyroidism [26], were conducted
prior to the initiation of treatment and subsequently
at the third and sixth months of the therapeutic regi-
men. All venous blood specimens from the participants
were collected between the hours of 08:00 and 09:00 in
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the morning, adhering to a fasting protocol for a mini-
mum of 8—10 h. The quantification of TSH, fT3, and T4,
were executed utilizing the standard chemiluminescence
immunoassay technique within the confines of the hos-
pital laboratory. Anti-TPO concentrations were deter-
mined by a competitive chemiluminescent immunoassay
(ADVIA Centaur® anti-TPO assay; Siemens Healthineers)
performed on the ADVIA Centaur XP platform. Results
were reported in U/mL. Based on the manufacturer-
defined reference criteria, values exceeding 60 U/mL
were classified as anti-TPO positive. The hematological
and biochemical evaluations were carried out using fully
automated analytical instruments. During each follow-up
consultation, patients were systematically interrogated
regarding any potential adverse effects or the need for
additional pharmacological interventions, which were
duly recorded.

Statistical analysis

The statistical analysis was applied by using IBM SPSS
version 24.0 (SPSS Corp., Chicago, Illinois, USA). The
distribution of continuous variables was assessed by the
Shapiro-Wilk test. Since normality was not consistently
confirmed across all three time points, non-parametric

Table 2 Demographic and clinical characteristics of the study
participants

Parameter Baseline value*
N 98
Age, years 52 (39-62)
Gender (men/women), % 47.9/52.1
BMI, kg/m2 28.78(25.38-3241)
Smoking, % 17.5
Type of rheumatic disease, %
Rheumatoid arthritis 39.8
Ankylosing spondylitis 46.9
Behget's Disease 133
Disease duration, years 9 (6-15)
Comorbidities, %
Diabetes 11.2
CAD 9.2
Hypertension 48.0
Hyperlipidaemia 11.2
Therapy, %
NSAID 16.4
Salazopryn 80
Leflunomide 9.1
Methotrexate 15.7
Methylprednisolone (maximum 5 mg/day) 10.9
Azathioprine 1.8
Colchicine 0.7

* Continuous variables are presented as median (25th -75th percentile) and
categorical variables are presented as relative frequencies

Abbreviations: Body Mass Index, BMI; Coronary Artery Disease, CAD; Non-
Steroidal Anti-Inflammatory Drug, NSAID
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methods were applied. Changes over time were evalu-
ated using the Friedman test for repeated measures,
followed by post hoc pairwise comparisons with the
Wilcoxon signed-rank test. Differences between therapy
groups and between disease groups were tested using the
Mann-Whitney U test. Continuous data are presented as
median (25th -75th percentile), while categorical vari-
ables are presented as relative frequencies. The results
were regarded as statistically significant for P<0.05.

Results
Baseline data on demographic and clinical characteristics
of 98 patients included in the study are shown in Table 2.

Regarding biological therapy, 30 patients (30.6%) were
treated by etanercept, 17 patients (17.3%) by golimumab,
38 patients (38.8%) by adalimumab, 9 patients (9.2%) by
infliximab, and 4 patients certolizumab pegol (4.1%).

The findings derived from laboratory analyses elucidat-
ing the inflammatory and cardiometabolic profiles of the
patients assessed prior to the initiation of anti-TNF ther-
apy, as well as at the third and sixth months of treatment,
are presented in Table 3. Consistent with expectations,
the administration of anti-TNF agents is associated with
considerable reductions in inflammatory biomarkers
including C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR) (p=0.012, p<0.001, respectively).
Furthermore, the intervention with anti-TNF agents
yields a notable decline in plasma fasting glucose con-
centrations over time (p=0.024), concomitantly result-
ing in an elevation of high-density lipoprotein cholesterol
(HDL-C) levels observed at the third month (p =0.044).

The results of the laboratory analyses delineating the
hepatic, renal, and thyroid functional status of the sub-
jects assessed prior to the initiation of anti-TNF therapy,
as well as at the third and sixth months of treatment,
are systematically outlined in Table 4. Consistent with
anticipated outcomes, the administration of anti-TNF
agents resulted in a statistically significant elevation in
serum albumin concentrations (p<0.01). Nevertheless, a
discernible decline in renal function was observed over
the course of treatment. Furthermore, a statistically sig-
nificant augmentation in fT'3 levels was noted across all
participants over time (p <0.01). During biological ther-
apy, the proportion of anti-TPO Ab-positive patients
remained largely unchanged over time. At baseline, 11
patients (11.2%) had anti-TPO levels above the laboratory
reference threshold (>60 IU/mL). This proportion was
10 patients (10.2%) at both the third and sixth months of
follow-up, indicating overall stability in thyroid autoanti-
body prevalence during treatment.

Due to the relatively small number of patients with
Behget’s disease, disease-specific longitudinal analyses
were primarily performed for the RA and AS subgroups
and are presented in Table 5. In the RA group, median
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Table 3 Inflammatory and cardiometabolic biomarkers at baseline and during treatment

Parameter Baseline After 3 months After 6 months P

Inflammatory biomarkers

CRP, mg/L 8.55 5.00 ** 520 ** 0.012
(3.19-16.00) (2.24-8.90) (2.18-9.45)

ESR, mm/h 18 12 %% 10 *** <0.001
(10-30) (6-20) (4-19)

Ferritin, ng/mL 49 45 48 0.373
(23-76) (16-69) (18-74)

Leukocytes, x103/uL 8070 7260 * 7180 *** 0.020
(6570-9600) (6180-8930) (6050-8370)

Neutrophils, x103/uL 5030 4180 * 4120 *** <0.01
(3480-6070) (3250-5290) (3100-5050)

Lymphocytes, x103/uL 2220 2350 2260 0.036
(1850-2700) (1860-2780) (1890-2880)

Monocytes, x103/uL 550 500 470 0.136
(418-650) (410-623) (380-563)

Cardiometabolic biomarkers

Glucose, mg/dL 96 91 91 * 0.024
(88-106) (84-105) (84-100)

HbAlc, % 5.7 57 5.7 0.830
(53-6.1) (53-6.2) (5.4-6.0)

TC, mg/dL 204 216 210 0.521
(175-241) (177-245) (185-236)

TG, mg/dL 130 113 129 0.743
(84-176) (87-177) (93-172)

LDL-C, mg/dL 125 135 129 0429
(105-153) (107-166) (107-150)

HDL-C, mg/dL 50 52% 52 0.044
(41-63) (42-64) (40-63)

Data are presented as median (25th -75th percentile) and compared by Friedman test

Significant difference from baseline by Wilcoxon's paired test: * P<0.05; ** P<0.01; *** P<0.001

Abbreviations: C-Reactive Protein, CRP; Erythrocyte Sedimentation Rate, ESR; Glycated Hemoglobin, HBA1C; Total Cholesterol, TC; Triglyceride, TG; Low-Density

Lipoprotein Cholesterol, LDL-C; High-Density Lipoprotein Cholesterol, HDL-C

thyroid-stimulating hormone (TSH) levels were 1.26
(0.59-2.65) uIU/mL at baseline, 1.28 (0.76-2.33) pIlU/mL
at 3 months, and 1.37 (0.74-2.26) uIU/mL at 6 months.
Corresponding TSH values in the AS group were 1.33
(0.84-2.05), 1.58 (0.99-2.43), and 1.47 (0.93-2.17) plU/
mL, respectively. Free thyroxine (fT4) concentrations
remained stable in both groups throughout follow-up. In
contrast, free triiodothyronine (fI3) levels demonstrated
a progressive increase in the AS group, rising from 3.22
(2.64—-3.58) ng/mL at baseline to 3.31 (3.04-3.68) ng/mL
at 3 months and 3.40 (3.12-3.81) ng/mL at 6 months. In
the RA group, fT3 levels showed a modest upward trend
from 3.03 (2.56-3.58) ng/mL at baseline to 3.17 (2.52—
3.45) ng/mL at 3 months and 3.22 (2.83-3.50) ng/mL at
6 months.

Anti-thyroid peroxidase antibody (anti-TPO Ab) lev-
els did not exhibit marked changes over time in either
subgroup. In patients with RA, median anti-TPO values
were 29.9 (28.0-52.0) IU/mL at baseline, 31.7 (28.0-43.1)
IU/mL at 3 months, and 28.0 (29.7-47.0) IU/mL at 6
months. In the AS group, corresponding values were 29.6
(28.0-40.6), 28.7 (28.0-36.2), and 31.8 (28.0-41.5) IU/

mlL, respectively. Overall, no consistent increasing pat-
tern in thyroid autoantibody levels was observed during
the six-month treatment period.

Independent analyses according to the administered
biological agent were performed for etanercept, golim-
umab, and adalimumab (Table 6), excluding infliximab
and certolizumab pegol due to limited sample size. TSH
and fT4 concentrations remained generally stable over
the six-month follow-up across all treatment groups.

fT3 levels showed a gradual increase in all three groups;
however, a statistically significant elevation at the sixth
month was observed only in patients receiving adalim-
umab, in whom median fT3 values increased from 2.88
(2.50-3.45) ng/mL at baseline to 3.34 (3.01-3.62) ng/mL
at six months. In contrast, changes in fI3 levels in the
etanercept and golimumab groups did not reach statisti-
cal significance.

With respect to thyroid autoimmunity, anti-TPO Ab
concentrations remained relatively stable throughout
the treatment period in all three biologic therapy groups.
No consistent increasing pattern in anti-TPO levels was
observed during follow-up.
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Table 4 Parameters of liver, kidney and thyroid function at baseline and during treatment

Parameter Baseline After 3 months After 6 months P

Liver function parameters

Total protein, g/dL 7.5 76 74 0.445
(7.2-7.8) (7.3-7.9) (7.1-79)

Albumin, g/dL 4.2 43 % 4.3 % <0.01
(3.9-44) (4.1-4.6) (4.1-4.6)

AST, U/L 20 20 20 0.087
(15-26) (17-27) (17-26)

ALT, U/L 19 22 21 0.087
(14-29) (14-31) (14-28)

GGT, U/L 20 20 23 0.077
(16-26) (17-28) (17-31)

ALP, U/L 87 82 87 0.491
(69-97) (71-96) (66-99)

LDH, U/L 176 184 191 0.658
(141-206) (165-222) (157-220)

Kidney function parameters

Urea, mg/dL 27 28 29 0.191
(22-36) (23-36) (24-36)

Creatinine, mg/dL 0.7 0.7 0.8 ** 0.034
(0.6-0.9) (0.6-0.9) (0.6-0.9)

GFR, mL/min/1.73 m2 102 100 *** 98 *** <0.01
(92-115) (86-111) (88-108)

Uric acid, mg/dL 5.0 53* 5.1% 0.023
(4.0-6.0) (4.3-6.1) (4.6-6.0)

Thyroid function parameters

TSH, plu/mL 124 1.36 139 0494
(0.76-2.33) (0.86-2.36) (0.86-2.17)

T4, ng/dL 1.19 1.15 1.20 0.948
(1.01-1.38) 1.02-1.34 1.01-1.32

fT3, pg/mL 3.19 324* 337 % <0.01
(257-3.57) (2.84-3.56) (3.02-3.72)

Anti-TPO-Ab, IU/mL 299 28.7 315 0.192
(28.0-41.2) (28.0-36.5) (28.0-42.9)

Data are presented as median (25th -75th percentile) and compared by Friedman test

Significant difference from baseline by Wilcoxon'’s paired test: * P<0.05; ** P<0.01; *** P<0.001

Abbreviations: Aspartate Aminotransferase, AST; Alanine Aminotransferase, ALT; Gamma-Glutamyl Transferase, GGT; Alkaline Phosphatase, ALP; Lactate
Dehydrogenase, LDH; Thyroid-Stimulating Hormone, TSH; free Thyroxine, fT4; free Triiodothyronine, fT3; anti-thyroperoxidase antibody, Anti-TPO Ab

Discussion

This study evaluated changes in inflammatory markers,
metabolic parameters, renal indices, hematological pro-
files, and thyroid function tests in patients with rheuma-
toid arthritis, ankylosing spondylitis, and Behget’s disease
who received anti-TNF therapy for six months. Specifi-
cally, laboratory parameters measured prior to treatment
initiation were compared with values obtained at the
third and sixth months of therapy in euthyroid individu-
als without known thyroid disease. The primary objec-
tive was to determine whether anti-TNF therapy was
associated with meaningful changes in thyroid hormone
profiles, while also exploring its potential impact on sys-
temic inflammation and related metabolic and biochemi-
cal parameters. Our findings indicate that anti-TNF
treatment was associated with effective suppression of
inflammatory activity, favorable metabolic changes, and

overall biochemical stability of thyroid function during
follow-up.

Consistent with previous studies, anti-TNF therapy
resulted in significant reductions in CRP and ESR levels,
accompanied by increased serum albumin concentra-
tions, reflecting improved inflammatory control [27-
29]. Extensive clinical evidence supports the efficacy of
TNF inhibition in reducing inflammatory burden and
improving disease activity in chronic immune-mediated
disorders, and our results align with this established
body of literature. Beyond inflammatory suppression,
we observed improvements in selected cardiometabolic
parameters, including reductions in fasting plasma glu-
cose and increases in HDL-c. These findings are concor-
dant with prior reports demonstrating partial metabolic
recovery following TNF-a blockade [27, 28, 30-34].
Chronic inflammatory states, particularly rheumatoid
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Table 5 Parameters of thyroid function at baseline and during treatment with respect to underlying rheumatic disease

Parameter Type of rheumatic disease Baseline After 3 months After 6 months P
TSH, plU/mL Rheumatoid arthritis 1.26 1.28 137 0910
(0.59-2.65) (0.76-2.33) (0.74-2.26)
Ankylosing Spondylitis 1.33 1.58 147 0422
(0.84-2.05) (0.99-243) (0.93-2.17)
T4, ng/mL Rheumatoid arthritis 1,14 1.11 1.09 0.510
(0.97-1.36) (1.00-1.40) (1.00-1.30)
Ankylosing Spondylitis 1.24 1.19 1.20 0.541
(1.06-1.41) (1.02-1.32) 1.04-1.32
fT3, ng/mL Rheumatoid arthritis 3.03 3.17 322 0.249
(2.56-3.58) (2.52-345) (2.83-3.50)
Ankylosing Spondylitis 322 331 % # 340% <001
(2.64-3.58) (3.04-3.68) (3.12-3.81)
Anti-TPO-Ab, IU/mL Rheumatoid arthritis 29.9 317 28.0 0.633
(28.0-52.0) (28.0-43.1) (29.7-47.0)
Ankylosing Spondylitis 296 28.7 318 0.290
(28.0-40.6) (28.0-36.2) (28.0-41.5)

Data are presented as median (25th -75th percentile) and compared by Friedman test. Rheumatoid arthritis: N=39; Ankylosing Spondylitis: N=46. * Significantly
different from baseline (P<0.05 by Wilcoxon's paired test). # Significantly different from group with rheumatoid arthritis by Mann-Whitney U test (P<0.05).
Abbreviations: Thyroid-Stimulating Hormone, TSH; free Thyroxine, fT4; free Triiodothyronine, fT3; Anti-thyroperoxidase antibody, Anti-TPO Ab

Table 6 Parameters of thyroid function at baseline and during treatment with respect to received biological therapy

Parameter Biological therapy Baseline After 3 months After 6 months P
TSH, plU/mL Etanercept 1.56 1.66 1.51 0.941
(0.58-2.48) (0.92-2.31) (0.97-2.46)
Golimumab 124 2.15 1.21 0.056
(0.96-3.45) (1.13-3.06) (0.69-2.64)
Adalimumab 1.23 1.04 # 1.38 0.337
(0.70-2.06) (0.80-2.12) (0.74-2.00)
T4, ng/mL Etanercept 1.16 1.12 1.24 0.712
(1.03-1.37) (1.02-1.33) (0.99-1.37)
Golimumab 1.19 1.24 1.20 0.955
(1.01-1471) (0.94-141) 1.00-1.26
Adalimumab 1.24 1.10 1.14 0.186
(1.00-1.36) (1.00-1.24) 1.00-1.27
fT3, ng/mL Etanercept 3.12 3.24 3.27 0.381
(2.57-3.55) (2.58-3.56) (3.00-3.50)
Golimumab 3.31 332 337 0.120
(290-3.72) (3.13-3.93) (3.13-3.97)
Adalimumab 2.88 3.07 334*% 0011
(2.50-3.45) (2.59-3.44) (3.01-3.62)
Anti-TPO-Ab, IU/mL Etanercept 29.2 28.7 326 0424
(28.0-57.1) (28.0-39.9) (28.0-49.0)
Golimumab 28.2 286 322 0.487
(28.0-37.3) (28.0-36.1) (28.0-40.7)
Adalimumab 299 282 296 0485
(28.0-41.2) (28.0-36.0) (28.0-41.1)

Data are presented as median (25th -75th percentile) and compared by Friedman test. Etanercept: N=30; Golimumab: N=17; Adalimumab: N=38

* Significantly different from baseline (P<0.05 by Wilcoxon's paired test)

# Significantly different from group treated by golimumab (P<0.05 by Mann-Whitney U test)

Abbreviations: Thyroid-Stimulating Hormone, TSH; free Thyroxine, fT4; free Triiodothyronine, fT3; anti-thyroperoxidase antibody, Anti-TPO Ab

arthritis, are associated with increased cardiometabolic
risk, largely mediated by elevated TNF-a levels [27, 30,
35]. TNF-a interferes with insulin receptor signaling,
promotes insulin resistance, and may adversely affect
pancreatic beta-cell function [36]. By inhibiting TNE-
a, biologic therapy may contribute to improved insulin

sensitivity through restoration of insulin receptor phos-
phorylation and enhanced peripheral glucose utilization
[37-39]. Additionally, reduced systemic inflammation
may improve adipokine regulation and endothelial func-
tion, further supporting metabolic homeostasis [37, 40].
Clinical observations, including reports of improved
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glycemic control or delayed diabetes progression after
anti-TNF initiation, further support these mechanisms
(36, 41].

Improvements in HDL-c observed in our study may
similarly reflect reduced inflammatory burden. Dur-
ing chronic inflammation, HDL particles lose their
anti-atherogenic properties under the influence of pro-
inflammatory cytokines such as TNF-a [28, 30]. TNF-a
inhibition may therefore contribute not only to quantita-
tive increases in HDL-c but also to qualitative restoration
of HDL functionality. Furthermore, improved disease
control may increase physical activity and nutritional
status, indirectly contributing to favorable metabolic
changes. In some cases, tapering or discontinuation of
glucocorticoids after initiation of biologic therapy may
also have positively influenced glucose and lipid param-
eters [27]. Collectively, these findings reinforce the con-
cept that controlling chronic inflammation plays a central
role in reducing cardiometabolic risk in rheumatic dis-
eases [27, 31, 32].

With respect to renal parameters, we observed modest
increases in serum creatinine and uric acid levels, accom-
panied by a progressive but clinically mild decline in esti-
mated glomerular filtration rate (eGFR). Although the
magnitude of change remained within acceptable clinical
limits, this finding warrants careful interpretation. Simi-
lar modest changes in renal indices have been reported in
patients receiving anti-TNF therapy [42]. In a prospective
cohort of ankylosing spondylitis patients, minor eGFR
reductions were observed but were not directly attribut-
able to anti-TNF agents after adjustment for confound-
ers [42]. While improved physical activity and potential
increases in muscle mass following better disease control
could contribute to higher creatinine levels, this expla-
nation remains speculative. Importantly, rare cases of
immune-mediated renal complications, including vari-
ous forms of glomerulonephritis, have been described
in association with anti-TNF therapy [45, 46], suggesting
that renal function changes during biologic treatment
may reflect multifactorial mechanisms. Concomitant
medications frequently used in rheumatic diseases—par-
ticularly nonsteroidal anti-inflammatory drugs (NSAIDs)
and methotrexate—may further influence renal hemo-
dynamics and creatinine metabolism [43]. Although no
clinically overt renal adverse events were documented in
our cohort, periodic monitoring of renal function during
anti-TNF therapy appears prudent, especially in patients
receiving nephroactive medications.

Hematologically, anti-TNF therapy was associated with
reduced neutrophil counts and relatively increased lym-
phocyte levels, findings that likely reflect normalization
of inflammatory cell distribution under effective cytokine
suppression [31]. Discontinuation or dose reduction of
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glucocorticoids in some patients may also have contrib-
uted to these changes.

Regarding thyroid function, TSH and fT4 levels
remained stable, whereas a modest but statistically sig-
nificant increase in fT3 levels was observed. Anti-TPO
antibody levels remained largely unchanged overall, con-
sistent with previous studies [8, 13, 17]. The observed
increase in fT'3 may be interpreted in the context of
inflammation-related alterations in peripheral thyroid
hormone metabolism. Chronic inflammatory states are
frequently associated with features resembling non-
thyroidal illness syndrome, characterized by reduced
peripheral conversion of T4 to T3 without primary thy-
roid dysfunction [44—47]. Pro-inflammatory cytokines,
including TNF-a and interleukin-6 (IL-6), have been
shown to suppress type 1 and type 2 deiodinase activ-
ity, thereby reducing T3 generation [46]. Consequently,
TNF-« inhibition may partially restore deiodinase activ-
ity and increase circulating fT3 levels as systemic inflam-
mation declines [48].

Notably, subgroup analysis revealed that the increase
in fT3 was primarily driven by patients with ankylosing
spondylitis, whereas individuals with rheumatoid arthri-
tis exhibited only a non-significant upward trend. This
pattern likely reflects disease-specific immunopatho-
logical differences rather than statistical inconsistency.
Ankylosing spondylitis is predominantly characterized
by innate immune activation and interleukin-17 (IL-17)
and interleukin-23 (IL-23) axis—mediated inflamma-
tion, whereas rheumatoid arthritis involves a more com-
plex adaptive immune response with prominent B-cell
activation and autoantibody production [49-53]. These
divergent inflammatory profiles may differentially influ-
ence peripheral thyroid hormone metabolism following
TNF-a blockade. The more pronounced fT3 response
observed in ankylosing spondylitis may therefore reflect
stronger cytokine-driven modulation of deiodinase activ-
ity in this disease context.

Nevertheless, alternative explanations should be con-
sidered. Stable fT4 levels suggest unchanged thyroidal
hormone secretion, indicating that the fT3 increase is
likely to reflect peripheral metabolic modulation rather
than direct thyroid stimulation. Changes in thyroid hor-
mone-binding proteins during systemic inflammation
and its resolution may influence measured free hor-
mone fractions [54, 55]. Additionally, given the modest
magnitude of change, regression to the mean cannot be
entirely excluded. Taken together, these considerations
suggest that the observed fT3 elevation represents a mul-
tifactorial phenomenon related to systemic inflammatory
modulation rather than a direct thyroid-specific effect of
anti-TNF therapy.

Although no statistically significant change in anti-TPO
antibody levels was observed across the overall cohort,
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exploratory analyses according to biologic agent did not
reveal a consistent or clinically meaningful pattern of
change during follow-up. Due to the very small absolute
number of anti-TPO-positive patients within each sub-
group, percentage-based fluctuations may appear more
pronounced than the actual numerical changes. Median
anti-TPO concentrations remained broadly stable in
patients receiving etanercept, golimumab, and adalim-
umab over the six-month period.

Given the relatively small number of anti-TPO-posi-
tive individuals and the limited sample size within each
treatment subgroup, subtle differences in thyroid auto-
antibody dynamics cannot be excluded. TNF inhibitors
differ in molecular structure and mechanism of action,
with monoclonal antibodies exerting sustained cytokine
neutralization, whereas receptor fusion proteins primar-
ily act as soluble TNF scavengers [56]. Previous reports
have described heterogeneous effects of anti-TNF ther-
apy on autoantibody profiles in various autoimmune
conditions [11, 13, 56]. However, in the present study, no
clear agent-specific signal suggesting induction or exac-
erbation of thyroid autoimmunity was identified. Larger,
adequately powered longitudinal studies are required to
clarify whether differential immunological effects of indi-
vidual TNF inhibitors influence thyroid autoantibody
dynamics.

In our study, the baseline prevalence of anti-TPO anti-
body positivity was approximately 11%, a rate comparable
to those reported in population-based studies of the gen-
eral adult population (11.9%) [57]. Although the litera-
ture is heterogeneous, several studies have suggested that
autoimmune inflammatory rheumatic diseases may be
associated with increased frequencies of thyroid autoan-
tibodies compared with population controls [5, 58—63].
However, in the present study, patients with previously
diagnosed thyroid disease or those receiving thyroid-spe-
cific treatment were excluded at baseline. This exclusion
strategy may have reduced the likelihood of detecting
an increased burden of thyroid autoimmunity and may
partly explain why the observed prevalence was similar to
that reported in the general population.

Importantly, anti-TPO positivity remained stable
throughout the six-month follow-up, with 11 patients
at baseline and 10 patients at both the third and sixth
months exceeding the positivity threshold, and no mean-
ingful change in prevalence during anti-TNF therapy.
This finding suggests that, in euthyroid individuals with-
out known thyroid disease, TNF-a blockade was not
associated with the emergence or progression of bio-
chemical thyroid autoimmunity over the study period.
Nevertheless, the relatively modest sample size should be
considered when interpreting these results, as subtle dif-
ferences in autoimmune thyroid prevalence may not be
detectable in smaller cohorts.
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To our knowledge, this study provides additional real-
world data on thyroid hormone changes during anti-TNF
therapy in euthyroid patients with different rheumatic
diseases. However, results should be interpreted in light
of several limitations. First, the retrospective design and
single-center setting limit causal inference. Second, thy-
roid ultrasonography was not performed during follow-
up. Biochemical stability does not exclude structural
thyroid alterations, and imaging could have provided
additional information regarding thyroid volume, echo-
genicity, or early autoimmune changes—particularly rel-
evant in light of the baseline anti-TPO positivity rate of
approximately 11%. Therefore, our conclusions regard-
ing thyroid safety are confined to biochemical param-
eters over six months and should not be interpreted as
evidence of structural neutrality. Third, the unequal dis-
tribution of biologic agents limited agent-specific com-
parisons, particularly for infliximab and certolizumab
pegol. Fourth, the small number of patients with Behget’s
disease restricted disease-specific analysis, and findings
should primarily be interpreted in the context of rheuma-
toid arthritis and ankylosing spondylitis. Fifth, concomi-
tant use of methotrexate, NSAIDs, and corticosteroids
may have acted as confounders, and stratified analyses
were not feasible without substantially reducing statisti-
cal power. Finally, post-hoc comparisons were reported
using nominal p-values without formal correction for
multiple testing. Although this approach was chosen to
minimize false-negative findings in an exploratory set-
ting, the potential for type I error should be considered
when interpreting the results.

In summary, in inflammatory rheumatic diseases such
as rheumatoid arthritis and ankylosing spondylitis, anti-
TNF therapy was associated with effective suppression
of systemic inflammation, favorable metabolic changes,
and overall biochemical stability of thyroid function in
euthyroid individuals. The modest increase observed in
fT3 levels likely reflects partial normalization of inflam-
mation-related alterations in peripheral thyroid hormone
metabolism rather than direct stimulation of thyroi-
dal hormone secretion. No clear evidence of worsening
thyroid autoimmunity emerged during the six-month
follow-up. Prospective, multicenter studies with larger
and more balanced cohorts, extended follow-up, inte-
grated thyroid imaging, and comprehensive immuno-
logical assessment are needed to more clearly define the
long-term endocrine consequences of TNF-a blockade in
rheumatic diseases.

Conclusion

The findings of the present study indicate that tumor
necrosis factor inhibitor therapy in euthyroid patients
with rheumatic diseases is associated with modest
improvements in selected cardiometabolic parameters,
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including fasting glucose and HDL cholesterol lev-
els, while overall thyroid function remained biochemi-
cally stable during the six-month follow-up period. The
observed increase in fT3 levels may reflect inflammation-
related changes in peripheral thyroid hormone metabo-
lism rather than a direct thyroidal effect of biologic
therapy.

These findings should be interpreted in light of sev-
eral limitations, including the absence of thyroid ultra-
sonographic evaluation, the heterogeneous distribution
of biologic agents, potential confounding effects of con-
comitant medications, and the relatively short duration
of follow-up. In addition, the small number of patients
treated with certain anti-TNF agents limited agent-spe-
cific comparisons.

Despite these limitations, the study provides clinically
relevant evidence supporting the short-term biochemical
thyroid safety of tumor necrosis factor inhibitor therapy
in euthyroid individuals with rheumatic diseases. Future
prospective studies incorporating longer follow-up, bal-
anced representation of biologic agents, structural thy-
roid assessment, and detailed evaluation of renal and
metabolic outcomes are needed to better elucidate the
long-term endocrine and systemic effects of biologic
therapy.
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