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ABSTRACT
Background: Graves’ disease (GD) is a leading autoimmune endocrine disorder characterised by hyperthyroidism and systemic inflammation. It remains the leading cause of hyperthyroidism worldwide, particularly among women aged 30 to 60 years.
Aim: This study evaluated serum thyroid hormones and selected inflammatory biomarkers among hyperthyroid patients with and without Graves’ orbitopathy (GO) in Orlu, Imo State, Nigeria.
Methodology:  The cross-sectional study was conducted with a total of 148 Graves disease patients and controls, comprising 74 clinically diagnosed Graves patients (37 with GO and 37 without GO) and 74 apparently healthy, age-matched controls. Serum triiodothyronine (T₃), thyroxine (T₄), thyroid-stimulating hormone (TSH), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), interleukin-23 (IL-23), interferon-gamma (IFN-γ), and tumour necrosis factor-alpha (TNF-α) were measured using ELISA techniques. Data was analysed using SPSS version 21.0, and statistical significance was set at P < 0.05.
Result: Results revealed significantly elevated T₃ and T₄ levels with concomitant suppression of TSH in GD patients compared with controls (P < 0.001). Inflammatory markers (ESR, CRP, IL-23, IFN-γ, and TNF-α) were markedly higher in hyperthyroid subjects, with more pronounced elevations among those with GO. ESR and CRP values were significantly increased in GD patients (32.7 ± 8.3 mm/hr and 20.9 ± 8.6 mg/L, respectively) relative to controls (12.6 ± 4.4 mm/hr and 5.8 ± 2.7 mg/L). Similarly, IL-23, IFN-γ, and TNF-α levels were substantially elevated in GO subjects (IL-23: 49.3 ± 10.1 pg/mL; IFN-γ: 13.8 ± 4.6 pg/mL; TNF-α: 20.1 ± 3.8 pg/mL) compared with non-GO subjects (P < 0.001). Pearson’s correlation analyses demonstrated significant positive associations between TSH and IL-23, IFN-γ, and TNF-α in male GD subjects. while female subjects showed mixed correlations between TSH and inflammatory markers, suggesting sex-related immunological differences.
Conclusion:  This study demonstrates that Graves’ disease is associated with a profound increase in thyroid hormones and systemic inflammation, given the levels of thyroid hormones and cytokines assayed. These findings highlight the need for a targeted therapeutic approach, integrating anti-inflammatory agents in GD management for improved disease outcome.
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INTRODUCTION:
Graves’ disease (GD) is a major global autoimmune endocrine disorder that primarily affects the thyroid gland, resulting in its overactivity, a condition known as hyperthyroidism. It remains the leading cause of hyperthyroidism worldwide, particularly among women aged 30 to 60 years (Desai and Brinton, 2019). (GD) is the commonest cause of hyperthyroidism and has a strong female preponderance. Every day clinical practice suggests strong aggregation within families, and twin studies demonstrate that genetic factors account for 60-80% of the risk of developing GD (Grixti et al., 2024; Boiro et al., 2025). The disorder arises when the immune system produces thyroid-stimulating immunoglobulins (TSIs) that bind to and activate the thyroid-stimulating hormone receptor (TSHR), mimicking the action of thyroid-stimulating hormone (TSH) and causing excessive synthesis and release of thyroid hormones; triiodothyronine (T3) and thyroxine (T4)  (Peng et al., 2023). These hormones, which regulate growth, metabolism, and energy utilisation, when secreted in excess, result in systemic hypermetabolism and multi-organ dysfunction.
Clinically, Graves’ disease presents with characteristic features such as goitre (thyroid enlargement), heat intolerance, weight loss, anxiety, tremors, and palpitations. One of its most distinct manifestations is Graves’ ophthalmopathy, characterised by bulging eyes (exophthalmos), conjunctival redness, and periorbital swelling, which affects approximately 25–50% of patients (Chen, 2019). In certain cases, dermopathy such as pretibial myxedema may also occur.
The exact aetiology of GD is multifactorial, involving a complex interaction of genetic predisposition and environmental triggers, including emotional stress, infections, smoking, and iodine exposure (Kopp, 2023). A positive family history of autoimmune diseases increases susceptibility, further supporting a strong hereditary component (Yin et al.,, 2020). These genetic and environmental interactions contribute to immune dysregulation, leading to the production of TSHR autoantibodies, chronic inflammation, and tissue remodelling within the thyroid and orbital tissues.
Autoimmune thyroid diseases (AITDs), comprising Graves’ disease and Hashimoto’s thyroiditis, represent the most prevalent autoimmune endocrine disorders globally. (AITDs) include a wide spectrum of thyroid diseases affecting women more commonly than men. The most frequent forms are Graves’ Disease (GD) and Hashimoto's thyroiditis / Autoimmune Thyroiditis (AIT), but there are also other immunogenic destructive forms of thyroiditis, that is, silent and postpartum thyroiditis (Ovčariček et al., 2024). While GD leads to hyperthyroidism due to TSHR stimulation, Hashimoto’s thyroiditis results in hypothyroidism through lymphocytic destruction of thyroid tissue and the presence of antithyroid peroxidase (TPO) and antithyroglobulin antibodies (Kristan et al., 2022). Both conditions exemplify autoimmune dysregulation characterised by aberrant T and B cell activation and proinflammatory cytokine production (Wang et al., 2023). Family and twin studies have demonstrated strong heritability for AITDs, while external factors such as infections, stress, iodine intake, and cigarette smoking have been shown to influence disease onset and progression (Lee et al. 2023).
Inflammation plays a pivotal role in GD pathophysiology. Cytokines such as interleukin-23 (IL-23), tumour necrosis factor-alpha (TNF-α), interferon-gamma (IFN-γ), and C-reactive protein (CRP) are key mediators driving thyroid and orbital inflammation, oxidative stress, and immune activation. These molecular and immunological signatures contribute to disease activity and may serve as valuable diagnostic or prognostic indicators (Zhang et al.,, 2023).
Despite the availability of effective therapies such as antithyroid medications (e.g., methimazole), radioactive iodine ablation, and thyroidectomy, disease recurrence remains common, and long-term complications, including thyroid eye disease and cardiovascular disorders, continue to affect patient outcomes (Valta et al., 2020; Johnson and Lee, 2022). Furthermore, psychological and social consequences such as anxiety, depression, and stigma are often underrecognized (Wang et al., 2023). The rising global prevalence of autoimmune thyroid diseases, particularly GD, has generated increasing concern among endocrinologists and public health experts (World Health Organisation [WHO], 2023).
In Nigeria, particularly in Imo State, recent observations indicate a growing number of hyperthyroidism cases, many of which are attributable to Graves’ disease. Contributing factors may include limited health awareness, socioeconomic disparities, stress, and inadequate access to specialised endocrinology care (Anderson, Brown, and Patel, 2021; Chukwu and Adebayo, 2022). The impact is even more significant among women, who constitute the majority of affected individuals. Consequently, it becomes imperative to investigate the molecular, inflammatory, and immunological underpinnings of GD in this population to enhance early diagnosis, improve management, and reduce complications.
Graves’ disease (GD) remains a significant global endocrine health challenge and accounts for approximately 50–80% of hyperthyroidism cases and about 5% of general morbidity worldwide (Zhang et al., 2023). In Nigeria, particularly in Imo State, the prevalence of hyperthyroidism is rising, with evidence suggesting a higher susceptibility among women. Environmental and physiological factors such as stress, infections, radiation exposure, and chemical insults contribute to GD pathogenesis by triggering inflammatory cascades that disrupt immune tolerance and thyroid function.
Given these trends, it is imperative to investigate the molecular, inflammatory, and immunological markers implicated in GD development and progression. Identifying biomarkers associated with disease onset and severity, including transition from hyperthyroidism to Graves’ orbitopathy (GO), will enhance diagnostic precision, inform therapeutic decisions, and ultimately reduce morbidity and mortality within the population.
This study, therefore, seeks to evaluate the molecular and inflammatory signatures of patients with varying states of autoimmune Graves’ disease attending the Endocrinology Clinic of Imo State University Teaching Hospital, Orlu. By assessing thyroid hormones (T3, T4, TSH) and inflammatory biomarkers (ESR, CRP, IL-23, IFN-γ, TNF-α), the research aims to elucidate their interrelationships across disease stages (with and without orbitopathy). The findings will enhance understanding of disease mechanisms, support early diagnosis, and improve prognostic assessment and treatment outcomes in Graves’ disease.
MATERIALS AND METHODS
Study Area, Population and Designs:
This study was conducted between November 2024 and January 2025 among hyperthyroid patients attending the Endocrinology and Chemical Pathology Units of the Imo State University Teaching Hospital (IMSUTH), Orlu, Imo State, Nigeria.
The study population comprised patients clinically diagnosed with hyperthyroidism due to Graves’ disease (both with and without Graves’ orbitopathy), who attended the endocrinology clinic of IMSUTH, Orlu. A total of 160 participants were recruited, consisting of 80 Graves’ disease patients (with and without orbitopathy) and 80 apparently healthy euthyroid controls. Participants were selected using the targeted random sampling technique to ensure fair representation across different age groups.
This was a cross-sectional, case-controlled study involving adult male and female participants aged between 30 and 65 years. The participants were grouped into hyperthyroidism patients without orbitopathy and hyperthyroidism patients with orbitopathy based on ophthalmological evaluation.
Participants included in this study were those clinically diagnosed with hyperthyroidism due to Graves’ disease and Graves Orbitopathy (GO)  based on ophthalmological evaluation at the Endocrinology and Chemical Pathology Laboratory Units of the Imo State University Teaching Hospital (IMSUTH), Orlu, Imo State. 
GO was diagnosed in accordance with the published EUGOGO criteria and mainly based on typical clinical signs (e.g. lid retraction, exophthalmos, restrictive motility disorder, soft tissue involvement) on clinical examination, together with Biochemical assessment of their thyroid hormones. 
Venous blood samples (5 mL) were collected aseptically from each participant after an overnight fast of 8–12 hours using sterile disposable syringes and plain vacutainer tubes. The blood samples were allowed to clot and centrifuged at 3000 rpm for 10 minutes to obtain serum, which was separated into clean, labelled cryovials and stored at –20°C until analysis. All reagents used were of analytical grade to ensure the accuracy and reliability of the results.
Estimation of Serum triiodothyronine (T₃), thyroxine (T₄), and thyroid-stimulating hormone (TSH) concentrations was determined using the Enzyme-Linked Immunosorbent Assay (ELISA) method according to the manufacturer’s instructions (Monobind Inc., USA). Serum CRP levels were determined using a double-antibody sandwich ELISA technique (CeDetectX®, China). Cytokines (IL-23, IFN-γ, and TNF-α) levels were estimated using commercial ELISA kits (CeDetectX®, China) based on standard immunoenzymatic procedures. All assays were conducted in duplicate, and all reagents used were of analytical grade to ensure accuracy and reproducibility of results.
All statistical analyses were performed with SPSS (IBM SPSS Statistics, Chicago, IL, USA, Version 21). One-way ANOVA and post hoc (Tukey's HSD) were employed to evaluate significant differences between groups and differences between two groups, respectively. Statistical significance was defined as p<0.05. Statistical.  Statistical differences between the experimental and control groups were determined using  Student’s t-test (two-tailed). While relationships among thyroid disorders and test parameters were established using Pearson’s correlation coefficient.
 


RESULTS
Table 1: Mean Values of Serum Thyroid Hormones in all Male And Female Hyperthyroidism Subjects and Controls

	
	MALE SUBJECTS
	FEMALE SUBJECTS

	Variable 
(mean ± SD)
	Hyperthyroidism 
 subjects
(n=40)
	Control 
subjects
(n=40) 
	t-value
	p-value
	Hyperthyroidism 
 subjects
(n=40)
	Control 
subjects
(n=40) 
	t-value
	p-value

	Total T3
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	5.35 ± 1.88

4.75

5.95
	3.00 ± 0.78

2.74

3.25
	7.293
	0.000
	6.55 ± 1.31

5.65

6.85
	4.00 ± 0.78

3.65

4.86
	8.542
	0.000

	Total T4
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	2.38 ± 0.82

2.11

2.64
	1.24 ± 0.30 

1.14

1.33
	8.111
	0.000
	2.88 ± 0.77

2.35

3.23
	1.95 ± 0.60 

1.23

1.94
	8.765
	0.000

	TSH
(mill/nl)
Lower 95% C.I
Upper 95% C.I
	1.16 ± 1.21

0.77

1.54
	2.41 ± 1.21 

2.02

2.79
	-5.447
	0.000
	0.89 ± 1.77

0.54

1.22
	2.02 ± 0.89 

1.88

2.35
	-4.564
	0.000



Table 2: Mean ± SD Values of Serum Thyroid Hormones  in all Male and Female Hyperthyroidism Subjects without Graves Orbitopathy and Controls 
	
	MALE SUBJECTS 
	FEMALE SUBJECTS

	Variable 
(mean ± SD)
	Hyperthyroidism
 Subjects
Without G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value
	Hyperthyroidism
 Subjects
Without G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value

	Total T3
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	3.72 ± 0.66

3.40

4.03
	3.10 ± 0.16

2.76

3.43
	3.995
	0.001
	3.93 ± 0.78

3.55

4.24
	3.44 ± 0.16

3.02

3.77
	4.115
	0.001

	Total T4
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	3.04 ± 0.61

2.75

3.32
	1.19 ± 0.31

1.04

1.33
	13.66
	0.000
	3.96 ± 0.97

3.22

4.22
	1.54 ± 0.51

1.43

1.95
	14.26
	0.000

	TSH
(mill/nl)
Lower 95% C.I
Upper 95% C.I
	0.17 ± 0.06

0.13

0.20
	2.30 ± 1.31 

1.68

2.91
	-7.163
	0.000
	0.09 ± 0.14

0.04

1.15
	1.98 ± 1.41 

1.36

2.43
	-6.299
	0.000



Table 3. Mean Values of Serum Thyroid Hormones in Male and Female Hyperthyroidism Subjects with Graves Orbitopathy and Controls 

	
	MALE SUBJECTS
	FEMALE SUBJECTS

	Variable 
(mean ± SD)
	Hyperthyroidism 
 Subjects
With G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value
	Hyperthyroidism 
 Subjects
With G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value

	Total T3
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	6.99 ± 1.08

6.48

7.49
	2.9 ± 0.85

2.50

3.29
	13.858
	0.000
	7.43 ± 1.54

6.75

7.98
	3.22 ± 0.97

2.97

3.88
	14.128
	0.000

	Total T4
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	1.72 ± 0.32

1.57

1.87
	1.29 ± 0.28

1.15

1.42
	4.368
	0.000
	2.01 ± 0.75

1.88

2.23
	1.55 ± 0.83

1.35

1.86
	4.854
	0.000

	TSH
(mill/nl)
Lower 95% C.I
Upper 95% C.I
	2.15 ± 0.98

1.68

2.16
	2.52 ± 1.12

1.99

3.04
	-1.721
	0.101
	1.94 ± 0.76

1.23

2.02
	2.14 ± 1.41

1.85

2.86
	-1.654
	0.131




Table 4: Mean Values of Serum Thyroid Hormones in Male and Female Hyperthyroidism Subjects without Graves Orbitopathy versus Subjects with Graves Orbitopathy
	
	MALE SUBJECTS 
	FEMALE SUBJECTS

	Variable 
(mean ± SD)
	Hyperthyroidism 
 Subjects
Without G. O.
(n=20) 
	Hyperthyroidism 
 Subjects
With G. O.
 (n=20) 
	t-value
	p-value
	Hyperthyroidism 
 Subjects
Without G. O.
(n=20) 
	Hyperthyroidism 
 Subjects
With G. O.
 (n=20) 
	t-value
	p-value

	Total T3
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	3.72 ± 0.66

3.40

4.03
	6.99 ± 1.08

6.48

7.49
	-12.378
	0.000
	3.85 ± 0.67

3.44

4.11
	7.01 ± 1.21

6.65

7.65
	-12.978
	0.000

	Total T4
(pg/nl)
Lower 95% C.I
Upper 95% C.I
	3.04 ± 0.61

2.50

3.32
	1.72 ± 0.32

1.57

1.87
	8.678
	0.000
	3.54 ± 0.76

2.85

3.75
	1.84 ± 0.67

1.69

1.96
	8.978
	0.000

	TSH
(mill/nl)
Lower 95% C.I
Upper 95% C.I
	0.17 ± 0.06

0.13

0.20
	2.15 ± 0.98

1.68

2.61
	-9.000
	0.000
	0.12 ± 0.42

0.09

0.16
	2.04 ± 0.75

1.56

2.46
	-8.000
	0.000











Table 5: Mean Values of Inflammatory and   Immunological Markers (TRAb and TSI) in Male and Female Hyperthyroidism Subjects Versus Control Subjects.
	
	Male subjects
	Female subjects

	Variable 
(mean ± SD)
	Hyperthyroidism 
 subjects
(n=40) 
	Control 
subjects
(n=40) 
	t-value
	p-value
	Hyperthyroidism 
 subjects
(n=40) 
	Control 
subjects
(n=40) 
	t-value
	p-value

	ESR
(mm/hr)
Lower 95% C.I
Upper 95% C.I
	32.15 ± 7.98

29.59
34.70
	12.05 ± 4.24

10.69
13.40
	14.466
	0.000
	33.23 ± 8.57

30.93
35.60
	13.24 ± 4.64

11.05
14.10
	15.026
	0.000

	CRP
(mg/L)
Lower 95% C.I
Upper 95% C.I
	20.55 ± 8.98


17.67
23.42
	5.40 ± 2.57 

4.57
6.22
	10.440
	0.000
	21.34 ± 8.24



18.76
23.89
	6.20 ± 2.77 


4.98
6.86
	10.962
	0.000

	IL-23
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	37.45 ± 13.63

33.08
41.81
	10.85 ± 5.10

9.21
12.48
	13.222
	0.000
	38.02 ± 13.75


33.98
42.98
	11.48 ± 5.82


10.24
13.02
	14.242
	0.000

	IFN-γ
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	9.46 ± 5.28

7.76
11.15
	2.85 ± 1.00

2.53
3.16
	7.591
	0.000
	10.05 ± 5.97

8.65
12.03
	3.14 ± 1.08

2.96
3.85
	7.771
	0.000

	TFN- α
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	22.80 ± 4.49

21.36

24.23
	9.10 ± 3.00 

8.13
10.06
	23.023
	0.000
	23.56 ± 4.85



22.05
24.97
	9.85 ± 3.14 


8.67

10.96
	23.983
	0.000

	TRAb
(IU/L)
Lower 95% C.I
Upper 95% C.I
	2.96 ± 1.14

2.60

3.33
	1.23 ± 0.41

1.09

1.36
	10.935
	0.000
	3.14 ± 1.77

2.90

3.84
	1.53 ± 0.98

1.30

1.75
	11.035
	0.000

	TSI
(IU/L)
Lower 95% C.I
Upper 95% C.I
	3.45 ± 1.07

3.11

3.79
	0.87 ± 0.32 

0.76

0.97
	13.986
	0.000
	3.98 ± 2.07

3.54

4.36
	1.02 ± 0.78

0.8

1.13
	13.246
	0.000



Table 6: Mean Values of Inflammatory and Immunological Markers in Male and Female Hyperthyroidic Subjects Without Graves Orbitopathy and Control.
	
	MALE SUBJECTS
	FEMALE SUBJECTS

	Variable 
(mean ± SD)
	Hyperthyroidism 
Subjects
Without G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value
	Hyperthyroidism 
Subjects
Without G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value

	ESR
(mm/hr)
Lower 95% C.I
Upper 95% C.I
	25.70 ± 3.37

24.12
27.27
	12.00 ± 5.19

9.57
14.42
	9.043
	0.000
	26.45 ± 3.37

24.97
28.14
	13.02 ± 5.65

9.86
14.65
	9.353
	0.000

	CRP
(mg/L)
Lower 95% C.I
Upper 95% C.I
	14.20 ± 4.27

12.19
16.20
	4.60 ± 2.21 

3.56
5.63
	7.847
	0.000
	14.92 ± 5.01

13.02
17.03
	4.90 ± 2.21 

3.87
6.03
	7.937
	0.000

	IL-23
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	26.00 ± 2.51

24.82
27.17
	9.90 ± 5.28

7.42
12.37
	15.504
	0.000
	26.75 ± 2.21

25.22
27.97
	10.03 ± 5.28

7.96
12.87
	15.834
	0.000

	IFN-γ
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	5.35 ± 0.66

5.03
5.66
	2.88 ± 0.98

2.42
3.33
	10.537
	0.000
	6.15 ± 0.75

5.75
6.92
	2.95 ± 0.98

2.44
3.40
	10.687
	0.000

	TFN- α
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	25.70 ± 3.46

24.07
27.32
	9.80 ± 3.48 

8.16
11.43
	28.084
	0.000
	26.20 ± 3.57

25.34
28.45
	9.80 ± 3.48 

8.96
12.04
	28.105
	0.000

	TRAb
(IU/L)
Lower 95% C.I
Upper 95% C.I
	2.15 ± 0.64

1.81

2.45
	1.06 ± 0.30

0.91

1.20
	8.161
	0.000
	2.75 ± 0.96

1.97

2.98
	1.17 ± 0.45

1.01

1.25
	8.771
	0.000

	TSI
(IU/L)
Lower 95% C.I
Upper 95% C.I
	2.68 ± 0.56

2.41

2.94
	0.98 ± 0.28

0.84

1.11
	13.760
	0.000
	2.98 ± 0.73

2.52

3.32
	1.14 ± 0.58

0.98

1.24
	13.927
	0.000




Table 7: Mean Values of Inflammatory Immunological Markers in Male and Female Hyperthyroidic Subjects With Graves Orbitopathy and  Control.
	
	MALE SUBJECTS
	FEMALE SUBJECTS

	Variable 
(mean ± SD)
	Hyperthyroidism 
 Subjects
With G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value
	Hyperthyroidism 
 Subjects 
With G. O.
(n=20) 
	Control 
subjects
(n=20) 
	t-value
	p-value

	ESR
(mm/hr)
Lower 95% C.I
Upper 95% C.I
	38.60 ± 5.66

35.95
41.24
	12.10 ± 3.16

10.62
13.57
	23.079
	0.000
	39.30 ± 5.74

37.34
41.98
	12.90 ± 3.74

11.05
13.95
	23.121
	0.000

	CRP
(mg/L)
Lower 95% C.I
Upper 95% C.I
	26.90 ± 7.91

23.19
30.60
	6.20 ± 2.70 

4.93
7.46
	10.474
	0.000
	27.03 ± 8.23

23.95
31.87
	6.99 ± 2.90 

5.05
7.85
	10.874
	0.000

	IL-23
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	48.90 ± 9.96

44.23
53.56
	11.80 ± 4.87

9.51
14.08
	18.712
	0.000
	49.62 ± 10.78

45.57
54.94
	12.04 ± 4.98

9.96
14.84
	18.945
	0.000

	IFN-γ
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	13.57 ± 4.62

11.40
15.73
	2.82 ± 1.04

2.33
3.30
	9.600
	0.000
	13.96 ± 4.75

11.90
16.04
	3.21 ± 1.32

2.90
3.45
	9.689
	0.000

	TFN- α
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	19.90 ± 3.41

18.30
21.49
	8.40 ± 2.30

7.32
9.47
	14.562
	0.000
	20.40 ± 3.65

18.90
21.96
	8.89 ± 2.54

7.87
9.95
	14.785
	0.000

	TRAb
(IU/L)
Lower 95% C.I
Upper 95% C.I
	3.78 ± 0.92

3.34

4.21
	1.40 ± 0.44

1.19

1.60
	11.645
	0.000
	3.98 ± 1.43

3.56

4.46
	1.52 ± 0.77

1.25

1.27
	11.954
	0.000

	TSI
(IU/L)
Lower 95% C.I
Upper 95% C.I
	4.23 ± 0.88

3.81

4.64
	0.76 ± 0.34

0.59

0.92
	16.826
	0.000
	4.54 ± 0.98

3.98

4.74
	0.99 ± 0.86

0.59

0.92
	17.213
	0.000




Table 8: Mean Values of Inflammatory and Immunological Markers in Male and Female Hyperthyroidic Subjects Without Graves Orbitopathy Versus Male and Female Hyperthyroidic Subjects With Graves Orbitopathy.
	
	MALE SUBJECTS
	FEMALE SUBJECTS

	Variable 
(mean ± SD)
	Hyperthyroidism 
 Subjects
Without G. O.
(n=20) 
	Hyperthyroidism 
 Subjects
With G. O.
(n=20) 
	t-value
	p-value
	Hyperthyroidism 
 Subjects
Without G. O.
(n=20) 
	Hyperthyroidism 
 Subjects
With G. O.
(n=20) 
	t-value
	p-value

	ESR
(mm/hr)
Lower 95% C.I
Upper 95% C.I
	25.70 ± 3.37

24.12
27.27
	38.60 ± 5.66

35.95
41.24
	-7.603
	0.000
	26.10 ± 3.83

24.89
27.96
	39.11 ± 5.83

37.05
42.24
	-7.203
	0.000

	CRP
(mg/L)
Lower 95% C.I
Upper 95% C.I
	14.20 ± 4.27

12.19
16.20
	26.90 ± 7.91 

23.19
30.60
	-6.635
	0.000
	14.90 ± 4.67

12.55
16.85
	27.30 ± 7.85 

23.01
31.62
	-6.135
	0.000

	IL-23
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	26.00 ± 2.51

24.82
27.17
	48.90 ± 9.96

44.23
53.56
	-8.990
	0.000
	26.84 ± 2.92

25.03
27.86
	49.90 ± 10.23

45.12
53.98
	-8.010
	0.000

	IFN-γ
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	5.35 ± 0.66

5.03
5.66
	13.57 ± 4.62

11.40
15.73
	-7.967
	0.000
	6.35 ± 0.69

5.21
6.43
	13.57 ± 4.62

11.94
15.98
	-6.967
	0.000

	TFN- α
(pg/mL)
Lower 95% C.I
Upper 95% C.I
	25.70 ± 3.46

24.07
27.32
	19.90 ± 3.41

18.30
21.49
	6.250
	0.000
	26.11 ± 3.86

24.80
28.02
	20.25 ± 4.05

18.90
22.34
	6.960
	0.000

	TRAb
(IU/L)
Lower 95% C.I
Upper 95% C.I
	2.15 ± 0.64

1.84

2.45
	3.72 ± 0.92

3.34

4.21
	-8.304
	0.000
	2.52 ± 0.83

2.05

2.74
	3.98 ± 1.08

3.68

4.42
	-7.704
	0.000

	TSI
(IU/L)
Lower 95% C.I
Upper 95% C.I
	2.68 ± 0.56

2.41

2.94
	4.23 ± 0.88

3.81

4.64
	-5.902
	0.000
	2.93 ± 0.99

2.54

3.23
	4.23 ± 0.88

3.98

4.56
	-5.202
	0.000




Table 9: Pearson’s Correlation of Thyroid Hormones with  Inflammatory markers in Male Hyperthyroidism Subjects with Graves Orbitopathy.

	
	TSH
	ESR
	CRP
	IL-23
	IFN-γ
	TFN-α

	TSH
	r-value
	1
	-.013
	-.275
	.212
	.349
	.393

	
	p-value
	
	.956
	.240
	.369
	.131
	.086

	ESR
	r-value
	-.013
	1
	-.248
	.371
	-.332
	.488*

	
	p-value
	.956
	
	.292
	.108
	.153
	.029

	CRP
	r-value
	-.275
	-.248
	1
	.259
	-.248
	-.452*

	
	p-value
	.240
	.292
	
	.270
	.292
	.045

	IL-23
	r-value
	.212
	.371
	.259
	1
	.347
	.216

	
	p-value
	.369
	.108
	.270
	
	.134
	.360

	IFN
	r-value
	.349
	-.332
	-.248
	.347
	1
	.046

	
	p-value
	.131
	.153
	.292
	.134
	
	.848

	TFN
	r-value
	.393
	.488*
	-.452*
	.216
	.046
	1

	
	p-value
	.086
	.029
	.045
	.360
	.848
	




**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).










Table 10: Pearson’s Correlation of Thyroid Hormones with  Inflammatory makers In female  Hyperthyroidic Subjects with Graves Orbitopathy

	
	
	TSH
	ESR
	CRP
	IL-23
	IFN-γ
	TFN-α

	TSH
	r-value
	1
	0.165
	-0.447*
	-0.449**
	-0.103
	-0.754**

	
	p-value
	
	.848
	.017
	.006
	.875
	.000

	ESR
	r-value
	0.165
	1
	-0.669**
	-0.769**
	0.063
	0.800**

	
	p-value
	.563
	
	.003
	.000
	.384
	.000

	CRP
	r-value
	-0.447*
	-0.669**
	1
	0.407
	0.719**
	-0.481*

	
	p-value
	.013
	.002
	
	.054
	.000
	.016

	IL-23
	r-value
	-0.449**
	-0.769**
	0.407*
	1
	0.102
	-0.451**

	
	p-value
	.008
	.000
	.031
	
	.565
	.009

	IFN-γ
	r-value
	-0.103
	0.063
	0.719**
	0.102
	1
	0.397*

	
	p-value
	.527
	.508
	.000
	.482
	
	.039

	TFN-α
	r-value
	-0.754**
	0.800**
	-0.481**
	-0.451**
	0.397
	1

	
	p-value
	.000
	.000
	.006
	.007
	.058
	



**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).











Table 11: Age Group Distribution (Percentage) Of Male and Female Hyperthyroidism Subjects
	
	No (%) Age Group Distribution

	Age (years)
	Male (n=120)
	Female (n=120)
	Total (n=240)

	31 – 35
	18(7.5)
	20(8.3)
	38(15.8)

	36 -40
	22(9.2)
	18(7.5)
	40(16.7)

	41 – 45
	20(8.3)
	21(8.8)
	41(17.1)

	46 – 50
	19(7.9)
	19(7.9)
	38(15.8)

	51 – 55
	21(8.8)
	22(9.2)
	43(17.9)

	56 – 56
	20(8.3)
	20(8.3)
	40(16.7)

	Total
	120(50)
	120(50)
	240(100)





DISCUSSION
Hyperthyroidism represents a multifactorial autoimmune endocrine disorder characterised by excessive thyroid hormone production and an overactive immune response leading to breakdown of immune tolerance and the stimulation of the thyroid gland through pathogenic autoantibodies. Its pathogenesis is influenced by complex molecular, inflammatory, and immunological mechanisms that interact with genetic and environmental determinants.  In this study, serum levels of thyroid hormones (T3, T4, and TSH) and inflammatory markers (ESR, CRP, IL-23, IFN-γ, and TNF-α) were compared among hyperthyroid patients with and without Graves' orbitopathy (GO) and healthy controls. The findings provide new insight into the hormonal and inflammatory interplay underlying Graves' disease in both sexes, offering a comprehensive evaluation of the pathophysiological mechanisms that distinguish simple thyrotoxicosis from its more severe orbital manifestations.
The present results revealed significantly elevated serum total T3 and T4 concentrations, with markedly reduced TSH levels in all hyperthyroid subjects compared with controls. This pattern is consistent with the hypermetabolic state of hyperthyroidism, resulting from thyroid-stimulating immunoglobulin activation of the TSH receptor (Smith and Hegedüs 2016). The low TSH reflects negative feedback inhibition of the hypothalamic–pituitary–thyroid axis due to excessive circulating thyroid hormones. These findings align with established diagnostic criteria for overt hyperthyroidism, where TSH suppression below 0.1 mIU/L in conjunction with elevated free thyroid hormones confirms autonomous thyroid function independent of physiological regulation (Ross et al., 2016).
Patients with Graves' orbitopathy exhibited higher mean T3 and T4 levels and lower TSH compared with hyperthyroid subjects without orbitopathy, confirming that disease severity and extrathyroidal manifestations correlate with hormone excess (Bahn 2015; Bartalena et al., 2021). This supports earlier work indicating that sustained thyrotoxicosis intensifies tissue sensitivity to thyroid autoantibodies, contributing to orbital fibroblast stimulation and eye tissue inflammation (Hiromatsu et al., 2014). Clinical studies have demonstrated that patients with T3 levels exceeding 5 ng/mL or T4 levels above 15 μg/dL are at significantly increased risk for developing or experiencing progression of Graves' orbitopathy (Ponto et al., 2018). The degree of TSH suppression has also been correlated with disease duration and treatment resistance, with profoundly low TSH values (<0.01 mIU/L) indicating more aggressive autoimmune activity requiring prolonged antithyroid drug therapy or consideration of definitive treatment with radioactive iodine or thyroidectomy (Kahaly et al., 2018).
Furthermore, the ratio of T3 to T4 can provide additional clinical insight, as a disproportionately elevated T3 relative to T4 suggests increased peripheral conversion by type 1 deiodinase, which is particularly active in thyrotoxic states and may contribute to the severity of metabolic symptoms (Laurberg et al., 2016). In patients with Graves' orbitopathy, this enhanced T3 production may exacerbate orbital inflammation through direct thyroid hormone effects on fibroblast proliferation and glycosaminoglycan synthesis (Bahn 2015).
Sex-related comparison showed a significant increase in thyroid hormone concentrations between female subjects when compared to male subjects. These differences may be attributed to a combination of hormonal and genetic factors, including estrogen's effect on increasing thyroxine-binding globulin (TBG) levels, which in turn elevates total T4 and T3 levels in females (Moleti et al.,2019). 

Inflammation plays a central role in both systemic and orbital manifestations of Graves' disease. The significantly higher ESR and CRP levels observed in all hyperthyroid subjects compared with controls in this study confirm the presence of active systemic inflammation. CRP, an acute-phase reactant, has been shown to rise in untreated hyperthyroidism and correlate with disease activity (Alevizaki et al., 2019). Clinically, ESR values exceeding 40 mm/h and CRP levels above 10 mg/L in hyperthyroid patients indicate a substantial inflammatory burden that may predict poorer treatment response and increased risk of cardiovascular complications, including atrial fibrillation and heart failure (Jabbar et al., 2017).
The elevation of these non-specific inflammatory markers reflects the systemic consequences of thyrotoxicosis, including enhanced metabolic rate, increased oxidative stress, and activation of the innate immune system. In patients with Graves' orbitopathy, ESR and CRP levels correlate with clinical activity scores, with higher values associated with active versus inactive disease phases (Khong et al., 2016). Serial monitoring of these markers during treatment can guide therapeutic decisions, as persistent elevation despite achieving euthyroidism may indicate ongoing orbital inflammation requiring immunosuppressive intervention beyond antithyroid drugs alone.
Among cytokines, IL-23, IFN-γ, and TNF-α were markedly elevated in hyperthyroid patients—particularly in those with Graves' orbitopathy—compared with both controls and non-GO groups. IL-23 is a key regulator of Th17 cell differentiation, sustaining chronic inflammation and promoting autoimmune reactivity in thyroid tissue (Nanba et al., 2020). The IL-23/IL-17 axis has emerged as a critical pathway in autoimmune thyroid disease, with IL-23 promoting the survival and expansion of Th17 cells that produce IL-17, a potent pro-inflammatory cytokine that induces chemokine production and neutrophil recruitment to inflamed tissues (Wei et al., 2018). In the orbital context, IL-23 stimulates orbital fibroblasts to produce inflammatory mediators and extracellular matrix components, contributing to tissue expansion and proptosis characteristic of Graves' orbitopathy (Fernando et al., 2014).
IFN-γ and TNF-α are signature Th1 cytokines that induce the expression of adhesion molecules and reactive oxygen species in orbital fibroblasts, mediating tissue remodelling and fibrosis (Smith and Kahaly 2022). TNF-α specifically upregulates expression of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) on orbital fibroblasts, facilitating T-cell infiltration into orbital tissues and perpetuating the inflammatory cascade (Hwang et al., 2015). IFN-γ induces major histocompatibility complex class II expression on thyroid and orbital cells, enhancing antigen presentation and autoimmune T-cell activation, thereby linking innate and adaptive immune responses in disease progression (Weetman 2020).
These findings are congruent with earlier studies demonstrating increased circulating and tissue levels of these cytokines in Graves' orbitopathy, correlating with clinical activity scores (Kumar et al., 2023; Dik et al., 2016). Patients with active, progressive orbitopathy typically exhibit serum TNF-α levels 2-3 fold higher than those with inactive disease, suggesting that cytokine profiling could complement clinical assessment tools such as the Clinical Activity Score (CAS) in determining treatment intensity (Pritchard et al., 2015). Furthermore, treatment with TNF-α inhibitors or other biologic agents targeting these pathways has shown promise in refractory cases, underscoring the therapeutic relevance of these biomarkers (Sy et al., 2017).
The higher cytokine concentrations in the GO subgroup further reinforce the immunoinflammatory model of orbital pathology: thyroid-specific autoimmunity initiates, while local cytokine amplification perpetuates, orbital tissue expansion and fibrosis. The significant differences between groups emphasise that inflammatory biomarkers could serve as adjunct tools for evaluating disease activity and treatment response (Liu et al., 2020). In clinical practice, baseline cytokine measurement before initiating immunosuppressive therapy could identify patients requiring more aggressive treatment, while serial measurements during therapy could objectively monitor treatment efficacy and guide decisions regarding treatment duration or escalation.
The interrelationship between excessive thyroid hormone levels, systemic inflammation, and autoantibody production illustrates the multifactorial pathogenesis of Graves' disease. Thyrotoxicosis enhances oxidative stress, which in turn stimulates proinflammatory cytokine secretion, perpetuating a vicious cycle of immune activation (Bagnasco et al., 2019). Elevated IL-23, TNF-α, and IFN-γ levels may amplify B-cell activity and antibody production, linking cellular and humoral immune mechanisms (Xu et al., 2022). This bidirectional relationship suggests that controlling thyrotoxicosis alone may be insufficient to halt disease progression, particularly in patients with established orbitopathy, where immunomodulatory therapy targeting cytokine pathways becomes essential.
The oxidative stress induced by excess thyroid hormones leads to increased production of reactive oxygen species (ROS), which damage cellular components and activate redox-sensitive transcription factors such as nuclear factor-kappa B (NF-κB), driving transcription of inflammatory genes including those encoding cytokines, chemokines, and adhesion molecules (Mancini et al., 2016). This molecular mechanism explains why antioxidant supplementation, particularly with selenium, has shown modest benefit in reducing orbital inflammation and improving quality of life in patients with mild Graves' orbitopathy (Marcocci et al., 2011).
The pattern of greater hormonal and inflammatory derangements in Graves' orbitopathy versus non-GO subjects indicates that systemic immune dysregulation extends beyond the thyroid, involving orbital connective tissues. This integrated view aligns with recent mechanistic studies emphasising shared antigenic and cytokine networks between thyroid follicular cells and orbital fibroblasts (Kahaly and Bartalena 2022). Genetic susceptibility studies have identified polymorphisms in human leukocyte antigen (HLA) genes, particularly HLA-DR3, as risk factors for both Graves' disease and orbitopathy, suggesting a common immunogenetic basis (Tomer and Davies 2003). Environmental factors, including cigarette smoking, infection, and stress, can trigger or exacerbate disease in genetically predisposed individuals, with smoking being the strongest modifiable risk factor for developing and worsening Graves' orbitopathy (Bartley et al., 2015).
The concept of "immune privilege breakdown" in orbital tissues has been proposed, whereby normal immunological tolerance in the orbit is disrupted by circulating autoantibodies and inflammatory mediators originating from the thyroid, allowing local immune cell infiltration and sustained inflammation (Aniszewski et al., 2002). This model explains why some patients develop orbitopathy months or years after achieving euthyroidism, as persistent autoimmune activity independent of thyroid function continues to drive orbital pathology.
These findings emphasise the diagnostic and prognostic utility of combined biomarker profiling in Graves' disease. Measurement of thyroid hormones and inflammatory cytokines can improve the assessment of disease activity and risk of orbitopathy. Elevated IL-23 and TNF-α may identify patients at high risk for progression, warranting early immunomodulatory therapy. Furthermore, CRP and ESR could serve as accessible markers for monitoring systemic inflammatory burden. Integrating these markers into clinical protocols supports personalised management of hyperthyroid patients, allowing risk stratification and tailored therapeutic approaches.
In practical terms, patients presenting with newly diagnosed Graves' disease should undergo comprehensive evaluation, including not only thyroid function tests but also assessment of inflammatory markers, particularly if clinical features suggest active or impending orbitopathy (Bartalena et al., 2016). Those with elevated inflammatory markers (CRP >10 mg/L, ESR >40 mm/h), and significantly elevated T3 relative to T4 should be considered high-risk and monitored closely for orbital complications with serial ophthalmological assessments every 3-6 months during the first two years of treatment (Bartalena et al., 2021).
Treatment decisions should be individualised based on biomarker profiles. Patients with moderate-to-severe active orbitopathy and markedly elevated cytokines may benefit from combined therapy with glucocorticoids and antithyroid drugs rather than antithyroid drugs alone (Bartalena et al., 2016). 
Emerging therapeutic strategies targeting specific cytokine pathways, such as monoclonal antibodies against IL-6 receptor (tocilizumab) or TNF-α (infliximab, adalimumab), have shown promise in refractory Graves' orbitopathy, particularly in patients with persistently elevated cytokine levels despite conventional immunosuppression (Perez-Moreiras et al., 2018). Rituximab, a B-cell depleting agent, has demonstrated efficacy in reducing TRAb levels and improving orbital disease, supporting the role of B-cells in sustaining autoantibody production and suggesting that patients with very high antibody titers might benefit from this targeted approach (Stan et al., 2015).
CONCLUSION: 
This study demonstrates that Graves’ disease is associated with a profound increase in thyroid hormones and systemic inflammation, given the levels of thyroid hormones and cytokines assayed. The hyperinflammatory state, associated with progressive increase in TRAB and TSI, underscores the role of autoimmune-mediated pathways in the pathophysiology of GD and disease severity, which may be critical in the pathogenesis of GO. 
Graves' orbitopathy is associated with more profound hormonal imbalance and heightened inflammatory and antibody responses compared to hyperthyroidism without orbitopathy, highlighting its autoimmune-inflammatory nature and supporting the concept that orbital disease represents a distinct, more severe phenotype of Graves' disease rather than simply a complication of thyrotoxicosis.
These findings highlight the need for a targeted therapeutic approach, integrating anti-inflammatory agents in  Graves disease management for improved disease outcome.
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