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Abstract Background: Hypothyroidism is associated with hypo metabolic state and endothelial dysfunction; it results in the 
activation of nitric oxide synthase enzyme, which releases nitric oxide. Nitric oxide synthase derived peroxynitrite has a 
central component of inflammation. Inflammatory and autoimmune conditions cause synthesis of hs-CRP by liver. This 
study was done to compare and evaluate the correlation between thyroid function, nitric oxide and inflammatory status in 
hypothyroid subjects. Material and Methods: 50 cases each of Euthyroidism and Hypothyroidism were included in this 
study. Blood samples were drawn for the estimation of nitric oxide (NO), hs-CRP and thyroid profile in all the study 
subjects. Results: No values were significantly decreased in hypothyroid patients (n=50) compared to controls. (n=50) 
(p<.000) hs-CRP values were significantly increased in hypothyroid patients (n=50) compared to euthyroid controls 
(n=50). (p<.000) hs-CRP had a significant negative correlation with ft3 and ft4 and positive correlation with TSH.NO had 
a significant positive correlation with ft3andft4and negative correlation with TSH. Conclusion: These findings suggest 
that raised hs-CRP and reduced NO levels in hypothyroidism could cause subclinical inflammatory state which could be 
a risk factor for atherosclerosis and CVD. 
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INTRODUCTION 
In India burden of thyroid disease are huge1,2 

Hypothyroidism is associated with cardiovascular risk 
factors3and endothelial dysfunction4 In Rotterdam Study, 
an English cross-sectional analysis of 1149 women with 
subclinical hypothyroidism had a higher prevalence of 
cardio vascular disease.5 Nitric oxide (NO) is produced as 
the result of transformation of L-arginine to L-citruline by 

a family of enzymes known as NO synthase (NOS) which 
has central component of inflammation, it causes the 
synthesis of hs-CRP by liver.6 NO also plays a role in the 
regulation of thyroid vascularity and blood flow and also 
an important regulator of vascular tone.7,8 In 
hypothyroidism endothelial vascularity and integrity is 
compromised due to low t3and t4 levels resulting in 
endothelial dysfunction. NO levels are low in endothelial 
dysfunction.9 Reduced bioavailability of NO is involved 
in the initiation, progression and complications of 
atherosclerosis.10 Studying the NO level in 
hypothyroidism will lead to an understanding of its role in 
hypothyroidism individuals. As inflammatory biomarker, 
hs-CRP has been widely used for predicting 
atherosclerosis and cardiovascular disease11, hs-CRP has 
a strong associated with cardiovascular events have been 
shownin some studies.12,13 One study showed that low 
free thyroxine is associated with elevated hs-CRP14, 
anotherstudy showed no difference in hs-CRP levels 
between patients with SCH and euthyroid individuals.15 
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Recently hs-CRP has been shown it may affect NO 
pathway.16 Determination of its level will help in 
understanding the amount of systemic inflammation in 
hypothyroid patients. Given the importance of NO and 
hs-CRP in the inflammatory and atherosclerotic events, 
the aim of the present study was to analyse whether 
hypothyroidism causes change in NO and hs-CRP levels. 
  
MATERIAL AND METHODS 
The present study was conducted in the Department of 
Biochemistry, Manakula Vinayagar Medical College and 
Hospital, in collaboration with Department of medicine 
from May 2013 to March 2014. Females attending the 
medicine OPD and female patients in the medicine ward 
were enrolled for this study.50 patients with 
hypothyroidism were taken as cases. The diagnosis of 
hypothyroidism was made by the presence of TSH levels 
> 4.5 μIU/ml (reference value British thyroid foundation). 
50 age and sex matched healthy volunteers with normal 
thyroid hormone profile were taken as controls. Patients 
with history of vascular disease, cardiac disease, diabetes 
mellitus and other inflammatory conditions which 
interfere with hs-CRP and NO values were excluded from 
the study. After getting approval from Institute Human 
Ethical Committee. After explaining the nature of the 
study, informed consent was obtained from the study 
subjects. About 5 ml of blood sample was collected from 
all the study subjects in a clot activator tube. Serum was 
separated by centrifugation and analyzed for required 
parameters. 
Estimation of study Parameters 

1. Serum fT3 is measured by competitive analogue 
immunoassay method. 

2. Serum fT4 is measured by solid phase enzyme 
labeled chemiluminescent competitive 
immunoassay method. 

3. Serum TSH is measured by solid phase two site 
chemiluminescent immunometric assay method. 
Standard kits obtained from Siemens Healthcare 
Diagnostics Ltd were used on an Immulite fully 

automated analyser from Siemens for the 
estimation of thyroid parameters. 

4. Serum NO is measured by Griess Diazotization 
reaction method using spectrophotometer.Kit 
manufacturer-Molecular Probes, U.S.A. 

5. Serum hs-CRP is measured by Turbidimetric 
immunoassay using turbidometry analyser. Kit 
manufacturer-Tulip diagnostic Goa. 

Statistical Analysis 
Results were shown as mean± S.D. Comparison of 
parameters between the cases and controls was done 
using student’s test. A p-value of less than 0.05 was 
considered statistically significant. Correlation analysis 
was done using Pearson’s Correlation. All calculations 
were performed using the SPSS software version 16. 
 
RESULTS 
In this study 50 hypothyroid cases and 50 euthyroid 
controls were included, after full filling the exclusion 
criteria. Euthyroid and hypothyroid subject’s thyroid 
profile, NO and hs-CRP levels and their statistical 
differences are shown in table 1. 

 

Table 1: Thyroid profile between euthyroid controls and 
hypothyroid cases 

Parameters Controls(n=50) Cases(n=50) p value 
fT3(pg/ml) 2.91±.50 1.36±.34 .000 
fT4(ng/dl) 1.13±.27 .51±.17 .000 

TSH(µIU/ml) 1.55±1.1 35.2±26.5 .000 
The values are expressed as Mean ± SD. n is the number of 
patients. 
p value of <0.05 is considered statistically significant 
 

Table 2: Comparison of NO and hs-CRP levels between euthyroid 
controls and hypothyroid cases 

Parameters Controls(n=50) Cases(n=50) p value 
hs-CRP(mg/L) 3.2±.34 7.5±.79 .000 
NO(µmol/L) 29.3±.1.5 21.5±.94 .000 

The values are expressed as Mean ± SD. n is the number of 
patients. 
p value of <0.05 is considered statistically significant 

 

 
Figure 1: Boxplot: comparison of hs-CRP  Figure 2: Box plot: comparison of NO 

levels between cases and controls   levels between cases and controls 
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From table 1, it is evident that there is a significant 
difference between the means of TSH in the hypothyroid 
cases and euthyroid controls (35.2±26.5µIU/ml)versus 
(1.55±1.1µIU/ml)(p<. 000),from table 2,it is evident that 
there is significant difference between the means of hs-
CRP in the hypothyroid cases and euthyroid controls 
(7.5±.79mg/L)versus (3.2±.34mg/L) (p<. 000), significant 
difference between the means of NO in the hypothyroid 
cases and euthyroid controls (21.5±.94µmol/L)versus 
(29.3±.1.5µmol/L) (p<. 000),significant difference 
between the means of fT3 in the hypothyroid cases and 
euthyroid controls (1.36±.34pg/ml)versus 

(2.91±.50pg/ml) (p<. 000),significant difference between 
the means of fT4 in the hypothyroid cases and euthyroid 
controls (.51±.17ng/dl)versus (1.13±.27ng/dl) (p<. 000) 
Figure-1 shows the hs-CRP values in cases: median is 
7.36mg/L, minimum range is 6.12mg/L, maximum range 
is 9.10mg/L.hs-CRP values in controls: median is 
3.4mg/L, minimum range is 2.60mg/L,maximum range is 
3.80mg/L Figure-2 shows the NO values in cases median 
is 21.57 µmol/L, minimum range is 20.10µmol/L, 
maximum range is 23.15µmol/L.NO values in controls: 
median is 29.67µmol/L, minimum range is 19.94µmol/L, 
maximum range is 30.94µmol/L. 

 
Table 3: Correlation between thyroid hormones, hs-CRP and NO among cases 

Parameters (n=50) 
hs-CRP NO 

r value p value r value p value 
ft3 -.306** .031 .386* .006 
ft4 -.402 .004 .399** .004 

TSH .752 .000 .-686** .000 
**Correlation is significant at the. 01 level.*Correlation is significant at the. 05 level. 
  

 
Figure 3: Shows a significant negative correlation Figure 4: Shows a significant negative correlation  

between fT3 (pg/ml) and hs-CRP between fT4 (ng/dl) and hs-CRP  
(mg/L) of the cases (r = -.306, p = (mg/L) of the cases (r = -.402, p =  

 
Figure 5: Shows a significant positive correlation between  Figure 6: shows a significant positive correlation between 

TSH (µIU/ml) and hs-CRP (mg/L) of the cases (r =. 752, p =. 000) fT3 (pg/ml) and NO (µmol/L) of the cases (r =. 386, p =. 006) 

 
Figure 7: Shows a significant positive correlation between   Figure 8: Shows a significant negative correlation between 

fT4 (ng/dl) and NO (µmol/L) of the cases (r =. 399, p =. 004)  TSH (µIU/ml) and NO (µmol/L) of the cases (r =.-686, p =. 000) 
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DISCUSSION 
In India 42 million people suffer from thyroid diseases.17 

Hypothyroidism is associated with risk factors like 
atherosclerotic cardiovascular disease, low grade 
inflammation and endothelial dysfunction.3, 4,18,19 NO is 
produced by the NOS enzyme in response to the vascular 
insult, NO levels are reduced in hypothyroidism.4 The 
effects of thyroid status on NOS gene expression in the 
rats shows it is reduced in hypothyroidism.20 Every time 
NO and superoxide collide, they form peroxynitritenon-
enzymatically and very rapidly. Under proinflammatory 
conditions, simultaneous production of superoxide and 
NO can be strongly activated to increase production 
1000-fold, which will increase the formation of 
peroxynitrite by a1000, 000-fold.21 Peroxynitrite 
contributes to the endothelial dysfunction.22 NO is 
converted to nitrite under aerobic conditions. Nitrite is 
proven as an endogenous signal molecule and regulator of 
gene expression and also as a diagnostic marker of 
cardiovascular disease.4 In our study, we observed 
decreased values of NO in cases when compared with 
controls. Previous studies have shown similar results.23,24 

When NO is correlated with thyroid hormones there was 
a positive correlation with ft3andft4, negative correlation 
with TSH. It shows when then the TSH level rises NO 
level decreases. The reason for the decreased NO levels 
in our study could be due to hypothyroidism which causes 
vascular changes, endothelial dysfunction and reduced 
metabolic turn over, the expression of NOS synthase 
enzyme is decreased which effects L-arginine-NO system 
assuch leading to the decreased production of NO. 
Studies have shown 70%-90% of nitrites in plasma come 
from endothelial nitric oxide synthase (eNOS) activity.25 

NOS-derived peroxynitrite induces inflammatory 
conditions to release interleukin-6 and other cytokines 
that trigger the synthesis of hs-CRP by liver. Elevated hs-
CRP can deprive the blood supply in vascular 
endothelium and cause ischemia in a complement-
dependent fashion this has been demonstrated in animal 
models.26 In addition, hs-CRP may aggravate the 
atherothrombotic process with activation of complement 
and monocytes/ macrophages.27 In our study we observed 
an increase level of hs-CRP in hypothyroid cases 
compare to controls. Previous studies have shown similar 
results. In one study subjects with subclinical 
hypothyroidism had significantly higher levels of serum 
hs-CRP, when compared to same parameters of controls. 
Further, a significant positive correlation was observed 
between TSH and hs-CRP.28 In our study when thyroid 
hormones were correlated with hs-CRP there was a 
positive correlation between TSH and hs-CRP.ft3andft4 
had a negative correlation. These results show that when 

severity of hypothyroidism increases level of hs-CRP also 
rises which an inflammatory marker is. The reason for the 
raised hs-CRP levels in our study could be due to hs-CRP 
released from liver as a response to inflammation. 
Hypothyroidism could promote chronic subclinical 
inflammation which rises Interleukin-6 levels leading to 
raised hs-CRP levels. Raised hs-CRP could promote 
atherosclerosis directly. 
 
CONCLUSION 
Our findings suggests that abnormal thyroid hormone 
levels regulate the activity and level of NO and hs-CRP 
which could lead to complication like atherosclerosis and 
Cardio vascular diseases. 
 
ACKNOWLEDGEMENTS 
The technical assistance of M.Srinivasan(lab incharge) is 
gratefully acknowledged. 
 
REFERENCES 

1. Mathew J. Burden of thyroid disease in India. Need for 
aggressive diagnosis.  
Medcine_update 2008; vol8: 43:334-41. 

2. Unnikrishnan A G, Sanjay Kalra S, Prevalence of 
hypothyroidism in adults: An epidemiological study in 
eight cities of India Indian J EndocrinolMetab. 2013; Jul-
Aug; 17(4): 647–652. 

3. Mayer O Jr, Šimon J, Filipovský J and Pikner R. 
Hypothyroidism in coronary heart disease and its relation 
to selected risk factors. Vasc Health Risk Manag. Dec 
2006; 2(4): 499–506. 

4. Taddei S, Caraccio N, Virdis A, Dardano A, Versari D, 
Ghiadoni L, Salvetti A, Ferrannini E, Monzani F. 
Impaired endothelium-dependent vasodilatation in 
subclinical hypothyroidism: beneficial effect of 
levothyroxine therapy.JClinEndocrinolMetab. 2003 Aug; 
88(8):3731-7. 

5. Hak AE, Pols HA, Visser TJ, Drexhage HA, Hofman A, 
Witteman JC 2000 Subclinical hypothyroidism is an 
independent risk factor for atherosclerosis and 
myocardial infarction in elderly women: the Rotterdam 
Study. Ann Intern Med 132:270–278. 

6. Siekmeier R, Steffen C, Maarz W. Role of oxidants and 
antioxidants in atherosclerosis: results of in vitro and in 
vivo investigations. Other markers of inflammation in the 
prediction of cardiovascular disease in women. New Eng 
J Med 2000; 342:836-843. CardiovascPharmacolTher 
2007; 12:265–82. 

7. Gardiner SM, Compton AM, Bennett T, Palmer RMJ 
andMoncada S. Control of regional blood flow by 
endothelium-derived nitric oxide. Hypertension 1990 15 
486–492. 

8. Sarandöl E, Tas S, Dirican M, Serdar Z. Oxidative stress 
and serum paraoxonase activity in experimental 
hypothyroidism: effect of vitamin E supplementation. 
Cell biochemfunct2005; 23: 1-8. 



Uma Sudhan E, Rajagovindan D, Sumathi S 
 

International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 10, Issue 2, 2020                                         Page 46 

9. Ignarro LJ, Cirino G, Casini A, Napoli C. Nitric oxide as 
a signalling molecule in the vascular system: an 
overview. J Cardiovasc Pharmacol 1999; 34:879-886. 

10. Jean Davignon, MD; Peter Ganz, MD. Role of 
Endothelial Dysfunction in Atherosclerosis 2004; 109: 
III-27-III-32. 

11. Ridker PM, Hennekens CH, Buring JE, C-reactive 
protein and other markers of inflammation in the 
prediction of cardiovascular disease in women. N Engl J 
Med 2000; 342:836-43. 

12. Christ-Crain M, Meier C, Guglielmetti M, Huber PR, 
Riesen W, Staub JJ, Müller B. Elevated C-reactive 
protein and homocysteine values: cardiovascular risk 
factors in hypothyroidism? A cross-sectional and a 
double-blind, placebo-controlled trial. Atherosclerosis. 
2003; 166:379–86. 

13. Nagasaki T, Inaba M, Shirakawa K, Hiura Y, Tahara H, 
Kumeda Y, Ishikawa T, Ishimura E, Nishizawa Y. 
Increased levels of C-reactive protein in hypothyroid 
patients and its correlation with arterial stiffness in the 
common carotid artery. Biomed Pharmacother. 2007; 
61:167–72.  

14. Jublanc C, Bruckert E, Giral P, Chapman MJ, Leenhardt 
L, Carreau V, Turpin G. Relationship of circulating C-
reactive protein levels to thyroid status and 
cardiovascular risk in hyperlipidemic euthyroid subjects: 
low free thyroxine is associated with elevated hsCRP. 
Atherosclerosis. 2004 Jan; 172:7-11. 

15. Hueston WJ, King DE, Geesey ME Serum biomarkers 
for cardiovascular inflammation in subclinical 
hypothyroidism. Clin Endocrinol (Oxf) 2005; 63:582-7. 

16. Verma S, Wang CH, Li SH, Dumont AS, Fedak PW, Bad
iwala MV. A self-fulfilling prophecy: C-reactive protein 
attenues nitric oxide production and inhibits 
angiogenesis. Circulation 2002; 106:913-919. 

17. Kochupillai N. Clinical Endocrinology in India. Current 
Science 2000; 1061-67. 

18. American Association of Clinical Endocrinologists 
medical guidelines for clinical practice for the evaluation 
and treatment of hyperthyroidism and hypothyroidism. 
Endocr Pract. 2002; 8:457–469. 

19. Dillmann WH. Mechanism of action of thyroid 
hormones. Med Clin North Am. 1985; 69:849. 

20. Ueta Y., Levy A., Chowdreys H.S, And Lightman S.L., 
Hypothalamic Nitric Oxide  
 Synthases Gene Expression Is Regulated by Thyroid 
Hormones, Endocrinology 1995; 136 : 4182-4187. 

21. Cabral MD, Teixeira PFS, Silva NAO, Morais FFC, 
Soares DV, Salles E, et al. Normal flow-mediated 
vasodilatation of the brachial artery and carotid artery 
intima-media thickness in subclinical hypothyroidism. 
Braz J Med Biol Res 2009; 42:426–32. 

22. Siekmeier R, Steffen C, Ma¨ rz W. Role of oxidants and 
antioxidants in atherosclerosis: results of in vitro and in 
vivo investigations. J Cardiovasc Pharmacol Ther 2007; 
12(4):265–82. 

23. OzcanO, CakirE, Yaman H et al. The effects of thyroxine 
replacement on the levels of serum asymmetric 
dimethylarginine and other biochemical cardiovascular 
risk markers in patients with subclinical hypothyroidism. 
ClinEndocrinol 2005;63:203-6. 

24. Abhinav Kumar, Suresh DR, Annam V, Srikrishna R. 
Significance of early biochemical markers of 
atherosclerosis in subclinical hypothyroidism patients 
with normal lipid profile. Int J Biol Med Res. 2012; 3(4): 
2483-2486. 

25. Kleinbongard P, Dejam A, Lauer T, Rassaf T, Schindler 
A, Picker O. Plasma nitrite reflects constitutive nitric 
oxide synthase activity in mammals. Free RadicBiol 
Med 2003; 35:1551-1559. 

26. Pepys MB, Hirschfield GM, Tennent GA, Gallimore JR, 
Kahan MC, Bellotti V, Hawkins PN, Myers RM, Smith 
MD. "Targeting C-reactive protein for the treatment of 
cardiovascular disease". 2006; Nature 440 (7088): 1217–
21. 

27. Jager A, van Hinsberg VW, Kostense PJ, Emeis JJ, 
Yudkin JS, Nijpels G, Dekker JM, Heine RJ, Bouter LM, 
von Willebrand factor, C-reactive protein, and 5-year 
mortality in diabetic and nondiabetic subjects. 
Arterioscler Thromb Vas Biol 1999; 19: 3071-3078. 

28. Sharma R, Sharma TK, Kaushik GG, Sharma S, Vardey 
SK, Sinha M. Subclinical hypothyroidism and its 
association with cardiovascular risk factors. [Journal 
Article]Clin Lab 2011; 57(9-10):719-24. 

 
 
 
 
 
 

Source of Support: None Declared 
Conflict of Interest: None Declared  


