
 

  

 

 
www.revistabionatura.com 

Bionatura Issue 3 Vol 8 No 1 2023 

 

Relationship between Osteoarthritis and Thyroid Dysfunction, as 

well as with Physical and Demographic Features 

Hussein Adnan Mohammed and U.A. Al-Sari* 

Department of Internal Medicine, College of Medicine, University of Wasit, Iraq.  

*Correspondence: haliqabi@uowasit.edu.iq. 

Abstract 

Osteoarthritis (OA) is a commonly prevalent and chronically complicated condi-

tion that affects different joints in millions of patients worldwide, leading to a 

cumulative effect over time. Due to few global prospective studies, this study in-

vestigated the association of OA to bodily and demographic characteristics of the 

study population. It demonstrated the levels of thyroid hormones in OA patients. 

Totally, 324 individuals; 162 normal (GN), 111 doubtful to minimal OA (GOA1) 

and 51 moderately to severe OA (GOA2) were subjected to this study from Sep-

tember to December (2021). For bodily characteristics of the study population, the 

findings of age, height and gender showed insignificance between study groups but 

not in weight and BMI. 

Regarding demographic data, level of education, non-smoking and smoking, and 

non-arthritis and arthritis population were associated almost insignificantly with 

OA patients except for GOA2 patients, who showed a significant correlation to OA 

compared to GOA1 and GN. For chronic diseases, the association was observed 

insignificantly between GOA1, GOA2 and GN of 1 and 2 chronic diseases and 

between GOA1 and GN of 3 and 4 chronic diseases; however, significance was 

recorded in values of GOA2 in comparison with values of GOA1 and GN. For 

physical activity, significance was observed in low and high values but not in 

medium activities. Results without and with walking aids were variable signifi-

cantly, in particular in values of GOA2 when compared to GOA1 and GN. Find-

ings of TSH, T3 and T4 of GOA1, GOA2 and GN were correlated significantly. 

The association of TSH to the severity of OA revealed an obvious significance in 

values of crude, adjusted 1 and 2 models. In conclusion, this study was the first 

Iraqi report, and studies are necessary due to the significant association between 

OA and thyroid hormone dysfunction. 
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Introduction 

OA is a commonly prevalent and chronically complicated condition affecting 
different joints in millions of patients worldwide, leading to a cumulative effect 
over time1, 2. Etiology is mainly unknown but is most likely multifactorial3. Several 
pathophysiological ways could be raised due to abnormal function in growth fac-
tors4, protease inhibitors and proteolytic enzymes5, reactive oxygen intermedi-
ates6, neuropeptides7, cartilage matrix fragments8, cytokines9 and prostaglandins10.  
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These abnormalities lead to a cycle of degenerative processes in cartilages, bones, 
ligaments and synovial stratum to coincide with the inflammatory responses and 
increased sensitization in central and peripheral nervous systems11,12. OA has a 
dilemma; it usually starts attacking several joints long prior to middle age but 
cannot be detected till clinically becoming with symptoms many years later when 
anatomical structures of the joint are altered, and the disease is quietly developed13. 
However, the principle of OA morphology involves a slow-developed degenera-
tive destruction of cartilages and the only episodic synovitis with alterations oc-
curred in bones, synovial stratum and muscles 14,15. 
The multifactorial natures of OA and the absence of reliable animal models will 
make discovering and developing new drugs even more challenging16,17. Also, 
complicated OA pathophysiologylogy calls for the biological system to dissect the 
molecular pathway of development of infection to decrease many efforts that focus 
on identifying and validating the disease models and biomarkers18, 19. 
The thyroid gland, a small shaped-like butterfly organ located around the trachea, 
plays a vital role in the body by making, storing and releasing several hormones, 
thyroxin (T4) and triiodothyronine (T3), which control body metabolism as 
needed. In addition to these hormones, the hypothalamus and the pituitary gland, 
located in the brain, help control the thyroid gland by releasing thyroid-releasing 
hormone (TRH) that stimulate releasing the thyroid-stimulating hormone (TSH) 
when the levels of thyroid hormones are too low or too high20-22. Thyroid hor-
mones have potential roles in maintaining and remodeling bones and articular 
cartilages23. Genetically, many reports referred to the deiodinase-regulated local 
availability of active T3 hormone as potentially affecting maintaining and repair-
ing cartilages24-26. Additional information referred that elevated intracellular T3 
can increase the impact of the disease suggesting that decreased T3 availability in 
tissues could protect a joint from OA development 21, 27. 
To date, few global prospective studies have demonstrated the levels of thyroid 
hormones in OA patients 28-31, whereas in Iraq, searching online processes failed to 
detect any further data. Hence, this study aimed to demonstrate the association of 
OA to bodily (age, weight, height, BMI and gender) and demographic (level of 
education, smoking, arthritis, chronic diseases, physical activity and use of walk-
ing aids) characterization of the study population, and hormonal thyroid dysfunc-
tion. 

Materials and Methods 
Ethical approval 

The Scientific Committee licensed this study in the College of Medicine, Univer-
sity of Wasit (Iraq). Prior to collecting demographic data and blood samples, oral 
agreement was obtained from all study populations. 

Study samples 

A total of 324 individuals; 162 normal (GN), 111 doubtful to minimal OA (GOA 
1) and 51 moderately to severe OA (GOA 2), from different areas in Wasit prov-
ince (Iraq) were subjected to this study from September to December (2021). 
After draining 3 ml of venous blood into a free-anticoagulant glass-gel tube, sera 
were obtained by centrifugation of blood samples (5000 rpm for 3 minutes) and 
kept in labeled Eppendorf tubes to measure thyroid hormones. Characteristics of 
the study population (risk factors) such as age, height, weight, body mass index 
(BMI), gender, education, physical activity, smoking, arthritis and other chronic 
diseases and use of walking aids were documented. 
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Laboratory estimation 

A total automatic immunological analyzer, Cobas e411 system (Roche, Germany), 
was applied to detect the T3, T4, and TSH in the sera of the study population. 

Statistical analysis 

All obtained results were statistically analyzed by the GraphPad Prism (6.01) using 
the Chi-square (x2) and t-test to detect significant variation between study groups 
at P<0.05. Values of targeted markers and factors were expressed as mean ± 
standard deviation (M ± SD) or as percentage (%). 

Results 
Association of OA to bodily characteristics of the study population 

The findings of the study population revealed that there were significant variations 
(P<0.05) in the values of study groups GN, GOA 1 and GOA 2 (Figure 1). For age, 
insignificant differences (P ± 0.05) were detected between the values of GN (58.1 
± 7.6), GOA 1 (57.9 ± 7.3) and GOA 2 (58.5 ± 8.3). Although insignificant varia-
tion (P ± 0.05) was seen between values of weight of GN (73.5 ± 9.1) and GOA 1 
(74.9 ± 9.4), significant variation (P<0.05) was reported between values of GN and 
GOA 2 (78.6 ± 9.8) as well as between values of GOA 1 and GOA 2. Concerning 
the height of the study population, an insignificant correlation (P>0.05) was ob-
served between values of GN (165.8 ± 6.5), GOA 1 (164.9 ± 5.2) and GOA 2 
(165.8 ± 6.3). Significantly, the findings of BMI showed an elevation (P<0.05) in 
values of GOA 1 (27.5 ± 3.4) and more severely in GOA 2 (28.8 ± 3.6) when 
compared to GN (26.7 ± 3.3). Regarding gender, there were insignificant differ-
ences (P ± 0.05) between values of GN, GOA 1 and GOA 2 of females [99/162 
(61.1%), 72/111 (64.9%) and 31/51 (60.1%), respectively] and males [63/162 
(38.89%), 39/111 (35.14%) and 20/51 (39.22%), respectively]. 
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Figure 1. Findings of bodily characteristics of the study population existed in GN, GOA1, and GOA2. 

Association of OA to demographic characteristics of the study population 

Regarding the level of education, the findings of non-education individuals re-
vealed insignificant differences (P>0.05) between values of GN [72/162 (44.4%)], 
GOA 1 [48/111 (43.2%)] and GOA 2 [23/51 (45.1%)] as well as between values of 
GOA 1 and GOA 2. These findings were similar to that detected in values of NG, 
GOA 1 and GOA 2 of both secondary [23/162 (14.2%), 15/111 
(13.5%) and 9/51 (17.7%), respectively] and higher [15/162 (9.3%), 10/111 (9.1%) 
and 5/51 (9.9%), respectively] education. For primary education, no significant 
variation (P 0.05) was reported between values of GN [52/162 (32.1%)] and 
GOA 1 [38/111 (34.2%)] as well as with values of GOA 2 [14/51 (27.5%)], sig-
nificant differences (P<0.05) were detected between values of GOA 1 and GOA 2 
(Figure 2). 
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Figure 2. Findings of the education factor of the study population existed in GN, GOA1 and GOA2. 

 

Additionally, comparative analysis between findings of categories of each educa-
tion factor revealed a significant variation (P<0.05) between values of all study 
groups (Figure 3). 

  

 
Figure 3. Results of categories of education factors among study groups (GN, GOA1 and GOA2). 

 

The findings of the non-smoking study population showed that there was insig-
nificant variation (P>0.05) between values of GN [114/162 (70.4%)] and GOA 1 
[80/111 (72.1%)], but not between values of GN and GOA 2 [34/51 (66.7%)] as 
well as between values of GOA 1 and GOA 2 (P<0.05). In smoking individuals, 
the findings were similar to that detected in the non-smoking population as there 
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were significant differences (P<0.05) between values of GN [48/162 (29.6%)] and 
GOA 2 [17/51 (33.3%)] as well as between GOA 1 [31/111 (27.9%)] and GOA 2 
(Figure 4). 

 

  
Figure 4. Findings of a smoking factor in the study population existed in GN, GOA1 and GOA2. 
 

In non-arthritis and arthritis study population, insignificant association (P>0.05) 
was shown between the values of GN [124/162 (76.5%) and 38/162 (23.5%), re-
spectively] and GOA 1 [84/111 (75.7%) and 27/111 (24.3%), respectively]; 
however, significant differences (P<0.05) were reported between values of GN and 
GOA 2 [31/51 (60.8%) and 20/51 (39.2%), respectively] as well as between values 
of GOA 1 and GOA 2 (Figure 5). 

  
Figure 5. Findings of arthritis in the study population existed in GN, GOA1 and GOA2. 

 

In this study, the findings of chronic diseases showed a significant variation 
(P<0.05) in association with the population of study groups (Figure 6). No-chronic 
diseases (0) were lowered significantly (P<0.05) in GOA 2 [5/51 (9.8%)] when 
compared to GN [47/162 (29.1%)] and GOA 1 [23/111 (20.7%)]; whereas, insig-
nificant variation (P 0.05) was observed between values of 1 and 2 chronic dis-
eases of GOA 1 [30/111 (27.1%) and 33/111 (29.6%), respectively], GOA 2 [12/51 
(23.5%) and 15/51 (29.4%), respectively] and GN [44/162 (27.2%) and 43/162 
(26.5%), respectively]. In categories of 3 and 4 chronic diseases, insignificant 
variation (P 0.05) was reported between values of GOA 1 [17/111 (15.3%) and 
8/51 (7.2%), respectively] and GN [19/162 (11.7%) and 9/51 (5.6%), respective-
ly]; however, there were significant differences (P<0.05) between values of GN 
and GOA 2 [12/51 (23.5%) and 7/51 (13.7%), respectively] as well as between 
GOA1 and GOA2.   
Results of low physical activity showed there was a significant association 
(P<0.05) between the values of GOA 1 [66/111 (59.5%)] and GN [81/162 (50%)], 
GOA 2 [34/51 (66.7%)] and GN, and between values of GOA 1 and GOA 2. For 
individuals of medium physical activity, an insignificant association (P>0.05) was 
shown between values of GOA 1 [31/111 (27.9%)], GOA 2 [13/51 (25.5%)] and 
GN [47/162 (29.1%)]. However, the findings of the high physical activity popu-
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lation revealed a significant correlation (P<0.05) between values of GOA 1 
[14/111 (12.6%)], GOA 2 [4/51 (7.8%)] and GN [34/162 (20.9%)], (Figure 7). 
 

   

  
Figure 6. Findings of chronic diseases of the study population detected in GN, GOA1 and GOA2. 

 

  

 
Figure 7. Findings of physical activity of the study population detected in GN, GOA 1 and GOA 2. 

 

Statistically, no significant association (P 0.05) was reported between values of 
GOA 1 and GN in both without- [91/111 (64%) and 136/162 (83.9%), respec-
tively] and with- [20/111 (18.2%) and 26/162 (16.1%), respectively] walking aids 
study population. However, values of GOA 2 of both without [33/51 (64.7%)] and 
with [18/51 (35.3%)] walking aids were associated significantly (P<0.05) with the 
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values of both GN and GOA 1. In comparison between values of with and without 
using aids, significant decreases (P<0.05) were observed in OA patients using 
walking aids (Figure 8). 
 

  
Figure 8. Findings of using walking aids among the GN, GOA 1 and GOA 2 study population. 

Association of OA to levels of thyroid hormones of the study population 

Values of TSH, T3 and T4 of GOA 1 [2.5 ± 2.1, 1.8 ± 0.5 and 109.8 ± 33, re-
spectively] were associated insignificantly (P 0.05) to values of these markers of 
GN [2.8 ± 2.4, 1.9 ± 0.7 and 116.4 ± 37.5, respectively]. Respectively, these 
markers confirmed a significant correlation (P<0.05) for values of the GOA 2 [4.2 
± 2.6, 1.6 ± 0.8 and 77.7 ± 20.4, respectively] and GN, as well as with the values of 
GOA 1 (Figure 9). 

  

 
Figure 9. Findings of using walking aids among the GN, GOA 1 and GOA 2 study population. 

 

The association of TSH to the severity of OA among the study population reported 
that there were significant differences (P<0.05) in their values at the crude as well 
as adjusted 1 and 2 models (Table 1). 
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Table 1. Association of TSH hormone to the severity of OA. 

Discussion 

Worldwide, the prevalence of OA in developed and developing countries has el-
evated significantly in the last decades due to increasing the factors of risk, which 
interact in a complex manner. Data from this study showed that weight and BMI 
factors potentially impact increasing the prevalence and severity of OA. However, 
the mechanism(s) for initiating and progressing OA remains poorly known, though 
the overweight runs high risks for OA32, 33. The relation of weight to OA has long 
been identified since obese patients developed the disease earlier and have variable 
and severe signs of illness, more significant risks of being infected and technically 
more obstacles to surgical replacement of a joint34, 35. 
Additionally, it has been thought that obesity participates relatively in systemic 
inflammations by adipokines secretion, which stimulates the catabolic process in 
articular chondrocytes, resulting in the degradation of extracellular matrix by 
up-regulation of matrix metalloproteinase36, 37. Several studies state that lifestyle 
changes can increase the identification of OA management and follow-up advice 
about the significance of elevated physical treatment and reducing weights 38-41. 
Christensen et al. (2005) demonstrated that obese patients with knee OA can 
function normally by losing weight. For BMI, many reports have demonstrated a 
potential correlation between knee OA and BMI42, 43, whereas others found a re-
lationship between hip OA and BMI44, 45. However, Singer et al. (2018) detected 
significant contact between knee/hip OA and BMI, with an increase in BMI con-
tributing significantly to an increase in OA46. Reyes et al. (2016) revealed the 
association between being overweight and clinically diagnosed hand, hip and knee 
OA47. 
For gender factor, though insignificant differences were shown between values of 
study groups (GN, GOA1 and GOA2) in both sexes, females showed a higher 
significant association with OA than males. These findings were similar to that 
found by many studies48, 49, and in contrast with others 50, 51. In females, a high 
incidence of OA might be attributed to genetic differences 52, immune changes and 
detrimental effects on intrinsic material properties of articular cartilage due to 
decreased concentration of estrogen at menopause time 49, 53. Also, vitamin D in-
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sufficiency due to malnutrition or lowered exposure to sunlight might increase the 
susceptibility of females to OA54, 55. 
Our findings demonstrated a significant association between OA and the demo-
graphic characteristics of the study population. This study showed that the level of 
education has a lowered risk of increasing OA, suggesting that occupational class, 
working conditions and physical activities play a role in the level of education and 
OA 56. For the smoking factor, our findings were similar to many previous and 
recent studies that indicated no significant relationship between OA and smoking 
51, 57, 58. However, Hui et al. (2011) referred to the protective association between 
smoking and OA when BMI does not adjust, and smokers have fewer OA risks 
than non-smokers 59. In this study, we showed that the arthritis factor had a sig-
nificant relation to patients of severe OA (GOA2) only. Hunter et al. (2005) con-
cluded that radial subluxation predisposes for subsequent trapeziometacarpal OA 
in men 60; whereas, Rupasov et al. (2017) summarized that radiographic alterations 
in posttraumatic arthritis were typically reflected in underlying joint trauma re-
sulting in symptoms of OA 61. 
Our results indicated that there was a significant association between chronic and 
OA. The effect of chronic illness on health quality might be a reflex of differences 
in daily activities, particularly social, to result in OA or other joint diseases 62, 63. 
For example, many researchers highlighted a great OA frequency in diabetic in-
dividuals due to the deleterious impact of excessive accumulation of glycation 
end-products and the development of systemic inflammations and oxidation 
stresses 64. Further association of OA was detected in heart, kidney, liver and lung 
diseases 65-69. 
We found that physical activity is associated with OA but with variable effects. 
Exercise represents the most discussed and controversial non-pharmacologic 
management strategy for OA since regulated low to moderate physical activities 
have preventing and therapeutic effects for OA patients. In contrast, type, duration 
and volume of intense and robust activity encompassed variable risk factors for 
symptomatic OA 70-72. 
Different data in the current study was obtained for using walking aids and their 
association with OA. Many devices were used worldwide to aid OA patients, such 
as orthopedic footwear, brace, walkers, forearm crutches and walking stick 73; 
however, information about the exact need for these aids is scarce. Additionally, 
many authors hypothesized that OA patients have a lowered risk of osteoporosis 
and, subsequently, fractures regarding the protective role of OA during the as-
sessment of patients 74, 75. Nonetheless, Arden et al. (2006) mentioned that elevated 
OA risks were not substantially decreased through adjusting of falls but attenuated 
the severity of falls sustained 76. Other researchers recorded that the risk factors of 
falls in OA patients included increasing the number of symptomatic joints, 
comorbidities, muscle weakness, and impaired balance 77-79. Manlapaz et al. 
(2019) referred to the low limited evidence for using walking aids and conflicted 
results that concerned using these devices in older patients 80. 
In this study, normal and doubtful to minimal OA patients appeared to have an 
insignificant association with thyroid hormones (T3, T4 and TSH), while moderate 
to severe OA patients revealed a significant relation to these hormones. Thyroid 
hormones appear practical in remodeling and maintaining bones 81 with their im-
portance for joints 82 and articular cartilage 83. Increasingly, the effect of de-
iodinase polymorphisms on OA has more worldwide interest because iodothyro-
nine deiodinase represents a group of proteins that contributed to the local home-
ostasis of T3 and T4 84, 85. Shiroky et al. (1993) suggested that the frequency of 
thyroid dysfunction with OA might be associated with fatigue, anemia, arthritis 
and metabolic abnormalities 86. Tagoe et al. (2012) recorded that hypothyroidism 
is related to OA and other forms of arthritis, with the existence of disease in indi-
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viduals with a dysfunction in thyroid hormones, particularly autoimmune thyroid 
disease, increasingly recognized 87. Li et al. (2019) mentioned the expected prev-
alence of thyroid dysfunction among OA patients 88. Kim et al. (2020) concluded 
that both hyperthyroid and hypothyroid cases were related to musculoskeletal 
abnormalities and that examination of these abnormalities can be helpful in un-
controlled thyroid dysfunction 89. GEZGİNASLAN et al. (2022) reported that 
thyroid function disorders might worsen OA symptoms 90. 

Conclusion 

Bodily and demographic risk factors showed variable findings concerning their 
association with OA. There is an increased risk of moderately to severe OA in 
patients with a thyroid dysfunction history. The potential role of thyroid hormone 
signaling in OA pathogenesis must be recognized. To date, less is known about the 
impact of thyroid hormones on muscle weakness and the impact of that weakness 
on the development and progression of OA. Furthermore, it seems timely to revisit 
the possible role of systemic hormones in the list of risk factors for OA. 

Conflict of interest 

There is no conflict to be interested. 

References  

 
1. Courties, A.; Berenbaum, F.; Sellam, J. The phenotypic approach to osteoarthritis: a look at metabolic 

syndrome-associated osteoarthritis. Joint Bone Spine 2019; 86(6), 725-730. 
2. Swain, S.; Sarmanova, A.; Coupland, C.; Doherty, M.; Zhang, W. Comorbidities in osteoarthritis: a 

systematic review and meta‐analysis of observational studies. Arthritis Care Res 2020; 72(7), 
991-1000. 

3. De Sire, A.; Marotta, N.; Marinaro, C.; Curci, C.; Invernizzi, M.; Ammendolia, A. Role of physical 
exercise and nutraceuticals in modulating molecular pathways of osteoarthritis. Int J Mol Cell Med 
2021; 22(11), 5722-5734. 

4. Mariotti, N.; Corrado, A.; Cantatore, FP Osteoblast role in osteoarthritis pathogenesis. J Cell Physiol 
2017; 232(11), 2957-2963. 

5. He, Y.; Zheng, Q.; Jiang, M.; Sun, S.; Christiansen, T.G.; Kassem, M.; Bay-Jensen, A.C. The effect of 
protease inhibitors on the induction of osteoarthritis-related biomarkers in bovine full-depth cartilage 
explants. PLoS One, 2015; 10(4), e0122700. 

6. Lepetsos, P.; Papavassiliou, A.G. ROS/oxidative stress signaling in osteoarthritis. Biochimica et 
Biophysica Acta (BBA)-Mol Basis Dis 2016; 1862 (4), 576-591. 

7. Muschter, D.; Fleischhauer, L.; Taheri, S.; Schilling, A.F.; Clausen-Schaumann, H.; Grässel, S. 
Sensory neuropeptides are required for bone and cartilage homeostasis in a murine destabiliza-
tion-induced osteoarthritis model. Bone 2020; 133, 115-131. 

8. Loeser, R.F. Integrins and chondrocyte–matrix interactions in articular cartilage. Matrix Biol 2014; 
39, 11-16. 

9. Wang, T.; He, C. Pro-inflammatory cytokines: The link between obesity and osteoarthritis. Cytokine 
Growth Factor Rev 2018; 44, 38-50. 

10. Mishima, S.; Kashiwakura, J.I.; Toyoshima, S.; Sasaki-Sakamoto, T.; Sano, Y.; Nakanishi, K.; 
Okayama, Y. Higher PGD2 production by synovial mast cells from rheumatoid arthritis patients 
compared with osteoarthritis patients via miR-199a-3p/prostaglandin synthetase 2 axis. Sci Rep 2021; 
11(1), 1-14. 

11. Schulze-Tanzil, G. Intraarticular ligament degeneration is interrelated with cartilage and bone de-
struction in osteoarthritis. Cells 2019; 8 (9), 990-1003. 

12. Pan, T.T.; Pan, F.; Gao, W.; Hu, S.S.; Wang, D. Involvement of macrophages and spinal microglia in 
osteoarthritis pain. Current Rheumatol Rep 2021; 23(5), 1-7. 



Bionatura http://dx.doi.org/10.21931/RB/CSS/2023.08.03.22 12 
 

 

13. Vives, R.; Brunet, L.; Serra, R.; Sánchez, J The dilemma of knee osteoarthritis in a patient with 
long-term hip arthrodesis: Should we consider a hip or a knee arthroplasty? Int J Adv Jt Reconstr 
2021; 8(1): 13-17. 

14. Robinson, W.H.; Lepus, CM; Wang, Q.; Raghu, H.; Mao, R.; Lindstrom, T.M.; Sokolove, J. 
Low-grade inflammation as a key mediator of the pathogenesis of osteoarthritis. Nature Rev Rheu-
matol 2016; 12 (10), 580-592. 

15. Yuan, G.; Yang, S.; Yang, S. Macrophage RGS12 contributes to osteoarthritis pathogenesis through 
enhancing the ubiquitination. Genes Dis 2021; 1, 1-15.  

16. Johnson, C.I.; Argyle, D.J.; Clements, D.N. In vitro models for the study of osteoarthritis. Vet J 2016; 
209, 40-49. 

17. Oo, WM; Yu, S.P.C.; Daniel, M.S.; Hunter, D.J. Disease-modifying drugs in osteoarthritis: current 
understanding and future therapeutics. Expert Opin Emerg Drugs 2018; 23(4), 331-347. 

18. Deveza, L.A.; Nelson, A.E.; Loeser, R.F. Phenotypes of osteoarthritis-current state and future im-
plications. Clinic Exper Rheumatol 2019; 37 (Suppl 120), 64-74. 

19. Kulkarni, P.; Martson, A.; Vidya, R.; Chitnavis, S.; Harsulkar, A. Pathophysiological landscape of 
osteoarthritis. Adv Clinic Chem 2021; 100, 37-90. 

20. Nillni, E.A. Regulation of the hypothalamic thyrotropin releasing hormone (TRH) neuron by neuronal 
and peripheral inputs. Frontiers Neuroendocrinol 2010; 31(2), 134-156. 

21. Bianco, A.C.; Dumitrescu, A.; Gereben, B.; Ribeiro, M.O.; Fonseca, T.L.; Fernandes, G.W.; Bocco, 
B.M. Paradigms of dynamic control of thyroid hormone signaling. Endocr Rev 2019; 40(4), 
1000-1047. 

22. Burnstock, G. Purinergic signalling in endocrine organs. Purinergic Signal 2014; 10 (1), 189-231. 
23. Williams, G.R. Thyroid hormone actions in cartilage and bone. Eur Thyroid J 2013; 2 (1), 3-13. 
24. Williams, G.R.; Bassett, J.D. THEMATIC REVIEW Deiodinases: the balance of thyroid hormone 

Local control of thyroid hormone action: role of type 2 deiodinase. J Endocrinol 2011; 209, 261-272. 
25. Waung, J.A.; Bassett, J.D.; Williams, G.R. Adult mice lacking the type 2 iodothyronine deiodinase 

have increased subchondral bone but normal articular cartilage. Thyroid 2015; 25 (3), 269-277. 
26. Hellevik, A.I.; Johnsen, M.B.; Langhammer, A.; Fenstad, A.M.; Furnes, O.; Storheim, K.; Nordslet-

ten, L. Incidence of total hip or knee replacement due to osteoarthritis in relation to thyroid function: a 
prospective cohort study (The Nord-Trøndelag Health Study). BMC Musculoskelet Disord 2017; 
18(1), 1-9. 

27. Butterfield, N.C.; Curry, K.F.; Steinberg, J.; Dewhurst, H.; Komla-Ebri, D.; Mannan, N.S.; Bassett, 
J.H. Accelerating functional gene discovery in osteoarthritis. Nat Commun 2021; 12(1), 1-18. 

28. Dayan, C.M.; Panicker, V. Novel insights into thyroid hormones from the study of common genetic 
variation. Nat Rev Endocrinol 2009; 5 (4), 211-218. 

29. Sur, D.; Chakravorty, R. Relationship of thyroid and sex hormones with osteoarthritis in postmeno-
pausal Indian women. J Clin Gynecol Obstet 2017; 5 (4), 117-120. 

30. Li, L.; Li, M.; Pang, Y.; Wang, J.; Wan, Y.; Zhu, C.; Yin, Z. Abnormal thyroid hormone receptor 
signaling in osteoarthritic osteoblasts regulates microangiogenesis in subchondral bone. Life Sci 
2019; 239, 116-135. 

31. Pörings, A.S.; Lowin, T.; Dufner, B.; Grifka, J.; Straub, R.H. A thyroid hormone network exists in 
synovial fibroblasts of rheumatoid arthritis and osteoarthritis patients. Sci Rep 2019; 9 (1), 1-14. 

32. Landsmeer, M.L.; Runhaar, J.; van Middelkoop, M.; Oei, E.H.; Schiphof, D.; Bindels, P.J.; Bier-
ma-Zeinstra, S.M. Predicting knee pain and knee osteoarthritis among overweight women. J Am 
Board Fam Med 2019; 32 (4), 575-584. 

33. Rim, Y.A.; Nam, Y.; Ju, J.H. The role of chondrocyte hypertrophy and senescence in osteoarthritis 
initiation and progression. Int J Mol Sci 2020; 21(7), 2358-2379. 

34. Huang, Z.; Kraus, V.B. Does lipopolysaccharide-mediated inflammation have a role in OA?. Nat Rev 
Rheumatol 2016; 12 (2), 123-129. 

35. Landsmeer, M.L.; de Vos, B.C.; van der Plas, P.; van Middelkoop, M.; Vroegindeweij, D.; Bindels, 
P.J.; Runhaar, J. Effect of weight change on progression of knee OA structural features assessed by 
MRI in overweight and obese women. Osteoarthr Cartil 2018; 26 (12), 1666-1674. 



Bionatura http://dx.doi.org/10.21931/RB/CSS/2023.08.03.22 13 
 

 

36. Rosenberg, J.H.; Rai, V.; Dilisio, M.F.; Agrawal, D.K. Damage-associated molecular patterns in the 
pathogenesis of osteoarthritis: potentially novel therapeutic targets. Mol Cell Biochem 2017; 434 (1), 
171-179. 

37. Cândido, F.G.; Valente, F.X.; Grześkowiak, Ł.M.; Moreira, A.P.B.; Rocha, DMUP; Alfenas, RDCG 
Impact of dietary fat on gut microbiota and low-grade systemic inflammation: mechanisms and 
clinical implications on obesity. Int J Food Sci Nutr 2018; 69 (2), 125-143. 

38. O'Reilly, S.; Doherty, M. Lifestyle changes in the management of osteoarthritis. Best Practice Res 
Clin Rheumatol 2001; 15 (4), 559-568. 

39. Holden, M.A.; Nicholls, E.E.; Hay, E.M.; Foster, N.E. Physical therapists’ use of therapeutic exercise 
for patients with clinical knee osteoarthritis in the United Kingdom: in line with current recommen-
dations?. Phys Ther 2008; 88 (10), 1109-1121. 

40. S. M. Abdulateef, O. K. Atalla1, M. Q. A L-Ani, TH. T Mohammed, F M Abdulateef And O. M. 
Abdulmajeed. Impact of the electric shock on the embryonic development and physiological traits in 
chicks embryo. Indian Journal of Animal Sciences.2021, 90 (11): 1541–1545. 

41. Sarma, S.; Sockalingam, S.; Dash, S. Obesity as a multisystem disease: Trends in obesity rates and 
obesity‐related complications. Diabetes, Obesity and Metabolism, (2021). 23, 3-16. 

42. Wluka, A.E.; Lombard, C.B.;Cicuttini, F.M. Tackling obesity in knee osteoarthritis. Nature Reviews 
Rheumatology, (2013). 9(4), 225-235. 

43. Kulkarni, K.; Karssiens, T.; Kumar, V.; Pandit, H. Obesity and osteoarthritis. Maturitas, 2016; 89, 
22-28. 

44. Moss, A.S.; Murphy, L.B.; Helmick, C.G.; Schwartz, T.A.; Barbour, K.E.; Renner, J.B.; Jordan, J.M. 
Annual incidence rates of hip symptoms and three hip OA outcomes from a US population-based 
cohort study: the Johnston County Osteoarthritis Project. Osteoarthr Cartil 2016; 24(9), 1518-1527. 

45. Ackerman, I.N.; Bohensky, M.A.; Zomer, E.; Tacey, M.; Gorelik, A.; Brand, CA; De Steiger, R. The 
projected burden of primary total knee and hip replacement for osteoarthritis in Australia to the year 
2030. BMC Musculoskelet Disor 2019; 20(1), 1-10. 

46. Singer, S.P.; Dammerer, D.; Krismer, M.; Liebensteiner, M.C. Maximum lifetime body mass index is 
the appropriate predictor of knee and hip osteoarthritis. Arch Orthop Trauma Surg 2018; 138 (1), 
99-103. 

47. Reyes, C.; Leyland, K.M.; Peat, G.; Cooper, C.; Arden, N.K.; Prieto‐Alhambra, D. Association be-
tween overweight and obesity and risk of clinically diagnosed knee, hip, and hand osteoarthritis: a 
population‐based cohort study. Arthritis Rheumatol 2016; 68(8), 1869-1875. 

48. Plotnikoff, R.; Karunamuni, N.; Lytvyak, E.; Penfold, C.; Schopflocher, D.; Imayama, I.; Raine, K. 
Osteoarthritis prevalence and modifiable factors: a population study. BMC Public Health 2015; 15 
(1), 1-10. 

49. Mani, F.M.; Sivasubramanian, S.S. A study of temporomandibular joint osteoarthritis using computed 
tomographic imaging. Biomed J 2016; 39 (3), 201-206. 

50. Ma, HL; Blanchet, T.J.; Peluso, D.; Hopkins, B.; Morris, E.A.; Glasson, S.S. Osteoarthritis severity is 
sex dependent in a surgical mouse model. Osteoarthr Cartil 2007; 15 (6), 695-700. 

51. Kong, L.; Wang, L.; Meng, F.; Cao, J.; Shen, Y. Association between smoking and risk of knee os-
teoarthritis: a systematic review and meta-analysis. Osteoarthr Cartil 2017; 25 (6), 809-816. 

52. O'Connor, M.I. Sex differences in osteoarthritis of the hip and knee. JAAOS-J Am Acad Orthop Surg 
2007; 15, S22-S25. 

53. Kriegová, E.; Manukyan, G.; Mikulková, Z.; Gabcova, G.; Kudelka, M.; Gajdos, P.; Gallo, J. Gen-
der-related differences observed among immune cells in synovial fluid in knee osteoarthritis. Osteo-
arthr Cartil 2018; 26 (9), 1247-1256. 

54. Belloli, L.; Ughi, N.; Marasini, B. Vitamin D in systemic sclerosis. Clinic Rheumatol 2011; 30 (1), 
145-162. 

55. Bassiouni, H.; Aly, H.; Zaky, K.; Abaza, N.; Bardin, T. Probing the relation between vitamin D de-
ficiency and progression of medial femoro-tibial osteoarthitis of the knee. Curr Rheumatol Rev 2017; 
13 (1), 65-71. 

56. Kontio, T.; Viikari-Juntura, E.; Solovieva, S. To what extent do education and physical work load 
factors explain occupational differences in disability retirement due to knee OA? A nationwide reg-
ister-based study in Finland. BMJ Open 2018; 8 (11), e023057. 



Bionatura http://dx.doi.org/10.21931/RB/CSS/2023.08.03.22 14 
 

 

57. Felson, DT; Anderson, J.J.; Naimark, A.; Hannan, M.T.; Kannel, W.B.; Meenan, R.F. Does smoking 
protect against osteoarthritis?. J Am Coll Rheumatol 1989; 32 (2), 166-172. 

58. Felson, DT; Zhang, Y. Smoking and osteoarthritis: a review of the evidence and its implications. 
Osteoarthr Cartil 2015; 23 (3), 331-333. 

59. Hui, M.; Doherty, M.; Zhang, W. Does smoking protect against osteoarthritis? Meta-analysis of ob-
servational studies. Ann Rheum Dis 2011; 70 (7), 1231-1237. 

60. Hunter, D.J.; Zhang, Y.; Sokolove, J.; Niu, J.; Aliabadi, P.; Felson, D.T. Trapeziometacarpal sub-
luxation predisposes to incident trapeziometacarpal osteoarthritis (OA): the Framingham Study. Os-
teoarthr Cartil 2005; 13 (11), 953-957. 

61. Rupasov, A.; Montoya, S.; Blickman, J.G. Imaging of posttraumatic arthritis, avascular necrosis, 
septic arthritis, complex regional pain syndrome, and cancer mimicking arthritis. Radiol Clin 2017; 55 
(5), 1111-1130. 

62. Lam, C.L.; Lauder, I.J. The impact of chronic diseases on the health-related quality of life (HRQOL) 
of Chinese patients in primary care. Fam Pract 2000; 17 (2), 159-166. 

63. Wang, H.M.; Beyer, M.; Gensichen, J.; Gerlach, F.M. Health-related quality of life among general 
practice patients with differing chronic diseases in Germany: cross-sectional survey. BMC Public 
Health 2008; 8 (1), 1-12. 

64. Louati, K.; Vidal, C.; Berenbaum, F.; Sellam, J. Association between diabetes mellitus and osteoar-
thritis: systematic literature review and meta-analysis. RMD Open 2015; 1 (1), 1-7. 

65. Zambon, S.; Siviero, P.; Denkinger, M.; Limongi, F.; Victoria Castell, M.; Van Der Pas, S.; EPOSA 
Research Group. Role of osteoarthritis, comorbidity, and pain in determining functional limitations in 
older populations: European project on osteoarthritis. Arthritis Care Res 2016; 68 (6), 801-810. 

66. Otsuka, N.; Yataba, I.; Matsushita, I.; Matsumoto, H.; Hoshino, Y.; Terada, Y. A minimal impact of 
long-term S-flurbiprofen plaster application on kidney function in osteoarthritis patients. Clinic Exper 
Nephrol 2017; 21 (6), 1060-1067. 

67. Turkiewicz, A.; Kiadaliri, A.A.; Englund, M. Cause-specific mortality in osteoarthritis of peripheral 
joints. Osteoarthr Cartil 2019; 27 (6), 848-854. 

68. Ragni, E.; Mangiavini, L.; Viganò, M.; Brini, A.T.; Peretti, G.M.; Banfi, G.; de Girolamo, L. Man-
agement of Osteoarthritis During the COVID‐19 Pandemic. Clin Pharmacol Ther 2020; 108 (4), 
719-729. 

69. Han, A.L.; Kim, Y. Association between Non-Alcoholic Fatty Liver Disease and Osteoarthritis. Res 
Sq 2021; 1-16. 

70. Cheng, Y.; Macera, C.A.; Davis, D.R.; Ainsworth, B.E.; Troped, PJ; Blair, S.N. Physical activity and 
self-reported, physician-diagnosed osteoarthritis: is physical activity a risk factor?. J Clin Epidemiol 
2000; 53 (3), 315-322. 

71. Esser, S.; Bailey, A. Effects of exercise and physical activity on knee osteoarthritis. Curr Pain 
Headache Rep 2011; 15 (6), 423-430. 

72. Stubbs, B.; Hurley, M.; Smith, T. What are the factors that influence physical activity participation in 
adults with knee and hip osteoarthritis? A systematic review of physical activity correlates. Clin 
Rehabilit 2015; 29 (1), 80-94. 

73. Gross, K.D. Device use: walking AIDS, braces, and orthoses for symptomatic knee osteoarthritis. 
Clinics in geriatric medicine, (2010). 26(3), 479-502. 

74. Bultink, I.E.; Lems, W.F. Osteoarthritis and osteoporosis: what is the overlap?. Curr Rheumatol Rep 
2013; 15 (5), 1-8. 

75. Geusens, P.P.; van den Bergh, J.P. Osteoporosis and osteoarthritis: shared mechanisms and epide-
miology. Curr Opin Rheumatol 2016; 28 (2), 97-103. 

76. Arden, N.K.; Crozier, S.; Smith, H.; Anderson, F.; Edwards, C.; Raphael, H.; Cooper, C. Knee pain, 
knee osteoarthritis, and the risk of fracture. Arthritis Care Res 2006; 55 (4), 610-615. 

77. Alencar, MA; Arantes, P.M.; Dias, J.D.; Kirkwood, R.N.; Pereira, L.S.M.; Dias, R.C. Muscular 
function and functional mobility of faller and non-faller elderly women with osteoarthritis of the knee. 
Brazil J Med Biol Res 2007; 40, 277-283. 

78. de Zwart, A.H.; van der Esch, M.; Pijnappels, M.A.; Hoozemans, M.J.; van der Leeden, M.; Roorda, 
L.D.; van Dieën, J. H. Falls associated with muscle strength in patients with knee osteoarthritis and 
self-reported knee instability. J Rheumatol 2015; 42 (7), 1218-1223. 



Bionatura http://dx.doi.org/10.21931/RB/CSS/2023.08.03.22 15 
 

 

79. Doré, A.L.; Golightly, Y.M.; Mercer, V.S.; Shi, X.A.; Renner, J.B.; Jordan, J.M.; Nelson, A.E. 
Lower‐extremity osteoarthritis and the risk of falls in a community‐based longitudinal study of adults 
with and without osteoarthritis. Arthritis Care Res 2015; 67 (5), 633-639. 

80. Manlapaz, D.G.; Sole, G.; Jayakaran, P.; Chapple, C.M. Risk factors for falls in adults with knee 
osteoarthritis: a systematic review. Pmandr 2019; 11 (7), 745-757. 

81. Duncan Bassett, J.H.; Williams, G.R. Analysis of physiological responses to thyroid hormones and 
their receptors in bone. In Thyroid Hormone Nuclear Receptor Humana Press, New York, NY. 2018; 
123-154. 

82. Purdue-Smithe, A.C.; Männistö, T.; Bell, GA; Mumford, S.L.; Liu, A.; Kannan, K.; Mills, J.L. The 
joint role of thyroid function and iodine status on risk of preterm birth and small for gestational age: a 
population-based nested case-control study of Finnish women. Nutrients 2019; 11 (11), 25-43. 

83. Gomez, G.A.; Aghajanian, P.; Pourteymoor, S.; Larkin, D.; Mohan, S. Differences in pathways con-
tributing to thyroid hormone effects on postnatal cartilage calcification versus secondary ossification 
center development. eLife, 2022; 11, 1-15. 

84. Luongo, C.; Dentice, M.; Salvatore, D. Deiodinases and their intricate role in thyroid hormone ho-
meostasis. Nat Rev Endocrinol 2019; 15 (8), 479-488. 

85. Paragliola, R.M.; Corsello, A.; Concolino, P.; Ianni, F.; Papi, G.; Pontecorvi, A.; Corsello, S. M. 
Iodothyronine deiodinases and reduced sensitivity to thyroid hormones. Front Biosci 2020; 25, 
201-28. 

86. Shiroky, J.B.; Cohen, M.; Ballachey, M.L.; Neville, C. Thyroid dysfunction in rheumatoid arthritis: a 
controlled prospective survey. Annals of the Rheum Dis 1993; 52 (6), 454-456. 

87. Tagoe, C.E.; Zezon, A.; Khattri, S. Rheumatic manifestations of autoimmune thyroid disease: the 
other autoimmune disease. J Rheumatol 2012; 39 (6), 1125-1129. 

88. Li, Q.; Wang, B.; Mu, K.; Zhang, J.; Yang, Y.; Yao, W.; Zhang, J.A. Increased risk of thyroid dys-
function among patients with rheumatoid arthritis. Frontiers Endocrinolo 2019; 799-813. 

89. Kim, B.Y.; Kim, S.S.; Park, H.K.; Kim, H.S. Assessment of the relationship between knee ultrasound 
and clinical symptoms in patients with thyroid dysfunction. J Int Med Res 2020; 48 (1), 19-27. 

90. GEZGİNASLAN, Ö.; BAŞAR, G.; GÜMÜŞ ATALAY, S. Effect of Thyroid Dysfunctions on Pain 
and Physical Function in Patients with Gonarthrosis. J Physic Med Rehabilit Sci 2022; 25(1), 52-56 

 
Received: May 15, 2023/ Accepted: June 10, 2023 / Published: June 15, 2023 
Citation: Mohammed, H.; Al-Sari, U.  Association of Osteoarthritis to Thyroid Dysfunction, and to Bodily 
and Demographic Characteristics. Revis Bionatura 2023;8 (3) 22. 
http://dx.doi.org/10.21931/RB/CSS/2023.08.03.22 


