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ABSTRACT
Background: Subclinical hypothyroidism causes development of cardiovascular risk is not very well defined due to
contradictory findings over the years. Role of inflammatory markers in Subclinical hypothyroidism is not very well studied
in the past. Objective: The main objective of this study was to assessment of the role of interleukin-6 and C reactive
protein in subclinical hypothyroidism patients having TSH <10µIU/ml. Material and Method: Total 90 young adult males
from 20-40 years age group were recruited for the study in which 60 males were with recently diagnosed subclinical
hypothyroidism and remaining 30 males were healthy controls. Subclinical hypothyroidism was diagnosed by measuring
TSH and FT4, which were estimated by enzyme linked immunosorbent assay (ELISA). Total cholesterol, triglycerides,
and High Density Lipoprotein-cholesterol were estimated by spectrophotometric method. Friedewald formula was used
for the estimation of Low Density Lipoprotein cholesterol. Lipoprotein ratios (total cholesterol/HDL-cholesterol and
LDL-Cholesterol/ HDL-cholesterol) were also estimated. C reactive protein and interleukin-6 were also estimated by
ELISA. Results: Significant results were obtained among the various parameters between the groups. Thyroid stimulating
hormone was significantly (<0.001) different between patients and control group. In subclinical hypothyroidism patients
total cholesterol, triglycerides and LDL cholesterol were significantly higher (<0.01). HDL cholesterol was significantly
(<0.001) lower in the patient group. Lipoprotein ratios were also highly significant (<0.001) between the groups and
concentrations were higher in the patient group. C reactive protein and interleukin-6 were highly significant (<0.001)
between the groups. Conclusion: Subclinical hypothyroidism patients having TSH<10µIU/ml are characterized by the
atherogenic lipid profile. Increased concentration of interleukin-6 along with higher concentration of C reactive protein
might be the sign of early risk of atherogenic risk progression.
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INTRODUCTION

MATERIALS

Subclinical hypothyroidism (SCH) is an asymptomatic disorder, although
it may be associated with milder symptoms of overt hypothyroidism
e.g., depression, constipation, cold intolerance, fatigue, weight gain, loss
of hairs, muscle pain, etc. and diagnosed with mildly elevated thyroidstimulating hormone (TSH) along with free thyroxine (FT4) within the
normal range.1 Usually, SCH is quite common in women and the elderly
population2 but recently an Austrian cohort study has concluded that
SCH may be an independent risk factor for overall or vascular mortality
especially in males below 60 years.3 SCH is associated with cardiovascular
disease (CVD), it would be quite unfair to say due to contradictory
findings in previous studies.4,5 Since inflammatory markers have been
emerged as a assessor of cardiovascular risk they may provide better view
of the developing risk of cardiovascular disease.6 Interleukin-6 (IL-6),
an inflammatory cytokine, plays an important role in pathophysiology
of cardiovascular disease due to its potential link with obesity, inflammation and coronary heart disease.7 IL-6 regulates the production of
C-reactive protein (CRP), an acute-phase protein usually synthesises in
the liver,8 which has been observed a positively association with TSH
in SCH patients.9 Colocalization of CRP with activated complement
by CRP/LDL-cholesterol complex suggests an involvement of CRP in
complement activation in atherogenesis.10 Both IL-6 and CRP are related
to the convectional factors for assessment of cardiovascular risk.11 Since
the controversial outcome of previous studies have supported that the
developmental risk of atherogenesis cannot be neglected in SCH male
patients and still a topic of discussion. Therefore the main objective of
this study was to an assessment of IL-6 and CRP along with lipid profile
in SCH male patients.

This cross-sectional study was conducted in Department of Biochemistry,
Santosh Medical College and Hospital, Ghaziabad. Total 90 persons were
included in the study, in which 60 patients were with recently diagnosed
subclinical hypothyroidism, termed as cases. They were compared with
remaining 30, healthy individuals defined as controls.12 All the participants have voluntarily participated for being a part of the study, a written
consent was obtained from each individual. The fasting blood sample
was taken from the entire participants to perform the various tests.
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Exclusion criteria
SCH patients were having any previous and family history of thyroid
disorder or thyroid medication. Patients having any cardiovascular risk,
any inflammatory disease, diabetes, hypertension, smoking, alcoholics,
renal disorder and any other acute or chronic illness were excluded from
the study. SCH patients, taking lipid lowering drugs, were also excluded.
SCH patients having TSH (>10µIU/ml) were not included in the study.
Inclusion criteria: Only recently SCH patients on the basis of range of
TSH (6.16-10µIU/ml) along with healthy individuals were recruited for
participate in the study. Age group criteria was 20 to 40 year for cases as
well as controls group.

METHODS
Body mass index (BMI) was calculated by dividing weight of an individual
in kg with square of the height of that individual in metre. TSH and FT4
were estimated by Enzyme Linked Immunosorbent Assay (ELISA) for
evaluation of subclinical hypothyroidism. ELISA kits were used from
Avantor Performance Materials, India.13 Total Cholesterol (TC), triglycerides
(TG), and high density lipoprotein (HDL) cholesterol were estimated by
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CHOD-POD method, GPO-PAP method and CHOD-POD/Phosphotungstate method respectively. Erba Chem, Germany kits were used for
the estimation of lipid parameters. Low density lipoprotein (LDL)
cholesterol was estimated by Friedwald formula. TC/HDL-C ratio and
LDL-C/HDL-C ratio were estimated by dividing of TC and LDL-C to
that HDL-C level.14 C reactive protein (CRP) was also estimated by
ELISA, using reagent from ebioscience®, USA.15 Interleukin-6 was estimated by ELISA using kits from Raybiotech.16 All these procedures were
followed after getting the ethical approval from the institutional ethical
committee.

Statistical Analysis
All the baseline parameters (Age, TSH, FT4, T3, BMI, TC, TG, HDL-C,
LDL-C, CRP, IL-6, TC/HDL and LDL/HDL) were expressed in Mean ±
Standard deviation (SD). An unpaired student’s t test was performed to
differentiate the various parameters between cases and control groups.
A pearson correlation coefficient was performed between TSH and other
variables (IL-6, CRP and BMI) in SCH group. A p value <0.05 was
considered statistically significant. Statistical software, SPSS (statistical
package of social sciences) version 23.0 (Chicago II, USA) for windows
was used for statistical analysis.

RESULTS
In this study, the Mean age for the case group as well as control was
35.63±3.64 and 36.46±4.28 respectively. There was a highly significant
difference (<0.001) was observed in TSH between the cases and control
groups. FT4 and T3 was not statistically significant (>0.05) between the
groups. BMI was significantly different (<0.001) between the groups and
higher in SCH group compared to control group. In the case of lipid
profile, significant difference was observed among the various parameters.
Total cholesterol and LDL cholesterol was significantly higher (<0.01)
in SCH patients. The level of HDL cholesterol was significantly (<0.01)
lower in the SCH patient group. SCH patients having TG >350 mg/dl
were excluded from the study and TG level was higher in SCH group
and the resulted difference was significant (<0.01). TC/HDL and LDL/
HDL ratios were higher in the patient group and the result was highly
significant (<0.001) between the groups. (Table 1) Elevated concentration of CRP in SCH patients was highly significant (<0.001) between the
groups. Mean concentration of IL-6 was significantly (<0.001) higher in
SCH patients compared to control group. (Table 2) There was a positive

association of IL-6, CRP and BMI with TSH in SCH group and this
association was significant (<0.05). (Table 3)

DISCUSSION
SCH is an asymptomatic disorder and may lead to overt hypothyroidism
with the progression of the disease.17 Controversial aspects still lie
regarding the routine screening of SCH while giving the treatment. The
range of TSH in SCH patients is also a challenging concern. Weiss IA
et al concluded that the treatment of SCH having TSH<10 is controversial
but consideration is required in some patients.18 Significant differences
in this cross-sectional study, between SCH male patients and control
group, supported the hypothesis that SCH patients are associated with
metabolic syndrome components in males.19 Madathil A et al observed
that fatigue and another impaired functional status was associated with
SCH males.20 There was increased BMI in SCH males compared to
control group. BMI was positively associated with TSH in patients with
SCH supported by Gupta et al study.21 Interestingly, Kvetny J, et al reported
that SCH might be a risk factor for developing cardiovascular disease in
younger males by observing the increased level of triglycerides in SCH
patients.22 This study shows the significant difference in lipid parameters
between cases and controls group. Elevated serum concentrations of TC,
TG and LDL-cholesterol in SCH patients were supported by MJ Cheserek
et al study who reported that subclinical hypothyroidism was associated
with metabolic syndrome components in males, not in females23 while
the higher concentration of HDL-cholesterol in the control group is
supported by Erdum YT et al.24 Clinical and epidemiological studies
have found that for the effectiveness of lowering the lipid concentration
the ratio between LDL-cholesterol to HDL-cholesterol is an excellent
marker. It was concluded that this LDL-cholesterol/HDL-cholesterol
ratio describe the two-way route of cholesterol entering and exiting the
arterial intima.25 TC/HDL-cholesterol ratio, specific and sensitive index
of cardiovascular risk,26 was found to be significantly higher in SCH
patients matched with Efstathiadou Z et al study.27 Similarly, LDLcholesterol/HDL-cholesterol ratio, an atherogenic index28 was significantly
higher in SCH patients. This significant difference in this ratio would
describe the actual balance between two fractions to predict the risk
of cardiovascular disease. Mahto M et al study stated that the elevated
LDL-cholesterol/HDL-cholesterol ratio can highlight the cardiac risk
and have the potential to become a part of the screening process of SCH
patients along with CRP to detect the cardiovascular abnormality.29

Table 1: Representation of various parameters between SCH and control group.
Parameters

SCH (60)

Controls (30)

Mean ±SD

Mean ±SD

Mean Difference
(CI 95%)

p value

Age

35.63±3.64

36.46±4.28

(-2.66-0.99)

0.33

TSH(μIU/ml)

8.11±0.80

2.75±0.78

(5.00-5.71)

<0.001

FT4(ng/dl)

1.12±0.23

1.12±0.19

(-0.09-0.08)

0.93

T3(ng/ml)

0.99±0.18

0.98±0.20

(-0.08-0.09)

0.89

BMI(kg/m2)

26.33±1.86

23.30±1.78

(2.21-3.84)

<0.001

TC(mg/dl)

198.85±21.24

185.66±11.85

(5.97-19.85)

0.001

TG(mg/dl)

119.10±27.41

107.96±21.10

(0.70-21.56)

0.037

HDL-C(mg/dl)

43.02±2.43

47.63±3.85

(-6.16-3.05)

<0.001

LDL-C(mg/dl)

129.63±19.15

116.00±12.34

(6.97-20.29)

<0.001

TC/HDL

4.62±0.55

3.93±0.39

(0.44-0.89)

<0.001

LDL/HDL

3.02±0.49

2.45±0.33

(0.39-0.75)

<0.001

#by using student t test. All the variables are explained in Mean±SD. p value<0.05 is statistically significant.
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Table 2: Representation of inflammatory markers between SCH and
control group.
Parameters

SCH (60)

Control (30)

p value

Mean±SD

Mean Difference
(CI 95%)

Mean±SD
CRP(ng/ml)

4.23±1.07

2.44±0.70

(1.40-2.16)

<0.001

IL-6(pg/ml)

7.78±1.25

4.00±0.64

(3.38-4.18)

<0.001

#by using student t test. All the variables are explained in Mean±SD. p value<0.05
is statistically significant.
Table 3: An association between TSH and other variables in SCH group.
Variables

r (CI 95%)

P value

IL-6

0.494 (0.266-0.723)

<0.001

CRP

0.296 (0.045-0.547)

0.022

BMI

0.307 (0.057-0.557)

0.017

#by using pearson correlation. r- pearson coefficient, CI- confidence Interval.
p value<0.05 is statistically significant.

Kc R et al concluded that CVD risk was higher in SCH males by
observing significantly higher concentrations of LDL-cholesterol and
CRP in support to this SCH male patients based study.30 There was signi
ficant higher concentration of CRP in SCH patients compared to control
group. Increased concentration of CRP in SCH patients in this study
compared to controls group supported the hypothesis to the presence
of cardiovascular risk in SCH patients.31 Ibrahim et al also suggested
that cellular hypothyroidism induces an energy lack leading to a chronic
intracellular inflammatory process, affecting the endothelial cells causing
the development of atherosclerosis.32 In addition, Sharma et al 33 reported
that potential benefits of treatment of SCH decrease the risk of death
from cardiovascular disease by observing the higher concentration of
CRP in SCH patients. Christ-Crain et al 34 concluded that CRP values
increase with progressive thyroid failure and may be count as an additional risk factor for development of coronary heart disease. IL-6 might
be associated with severity of hypothyroidism 35 since in this study
increased concentration of IL-6 was observed in SCH patients compared
to control group. Adipocytes are importentant source to produce IL-6,36
additionally receptors of TSH can also be expressed in adipocytes.37
in vitro study suggested that TSH stimulates release of IL-6 from adipocytes by cAMP-PKA pathway.38 which might be the reason for increased
concentration of IL-6 in SCH patients. Tureman et al also supported this
study by observing higher concentration of IL-6 in SCH patients when
compared with controls.39

CONCLUSION
In conclusion, the outcome of this study specifies that SCH patients
(males) show the presence of abnormal lipid profile suggesting the
progression of cardiovascular risk. Elevated concentration of CRP in
SCH patients might indicate the presence of low grade inflammation
along with increased IL-6. The determination of significant IL-6 may
also be helpful in the prediction of cardiovascular risk in SCH patient as
the disease progresses since it may contribute to the progression of
myocardial damage. Lipoprotein ratios are easily calculated and without
any additional costs which may play a significant role in assessing developing risk of CVD. The observed data concluded that the SCH patients
having TSH<10µIU/ml, should be treated with caution and cardiovascular abnormalities may be developed if left untreated. To establish this
fact more studies should be conducted with other establishing tools and
large study population.
22
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ABBREVIATIONS USED
TSH: thyroid stimulating hormone; TC: Total Cholesterol; TG: Triglycerides; HDL-C: High density lipoprotein Cholesterol; LDL-C: Low density lipoprotein cholesterol; CRP: C-reactive protein; IL-6: Interleukin-6;
BMI: Body mass index; CVD: Cardiovascular disease; ELISA: Enzyme
linked Immunosorbent Assay.

REFERENCES
1. Gillett M. Subclinical Hypothyroidism: Subclinical Thyroid Disease: Scientific
Review and Guidelines for Diagnosis and Management. Clin Biochem Rev.
2004;25:191-4.
2. Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA,
et al. Serum TSH, T(4), and thyroid antibodies in the United States population
(1988 to 1994): National Health and Nutrition Examination Survey (NHANES III).
J Clin Endocrinol Metab. 2002;87(2):489-99.
3. Kover FM, Fang IF, Perkmann T, Haslacher H, Slavka G, Fodinger M. Subclinical
hypothyroidism and mortality in a large Austrian cohort: a possible impact on
treatment? Wien Klin wochenschr. 2015;127(23-4):924-30.
4. Delitala AP, Filigheddu F, Orru M, Alghatrif M, Steri M, Pilia MG. No evidence
of association between subclinical thyroid disorders and common carotid
intima medial thickness or atherosclerotic plaque. Nutr Metab Cardiovasc Dis.
2015;25(12):1104-10.
5. Zha K, Zuo C, Wang A, Zhang B, Zhang Y, Wang B. LDL in patients with
subclinical hypothyroidism shows increased lipid peroxidation. Lipids Health
Dis. 2015;14(1):95.
6. Franks PW. Obesity, inflammatory markers and cardiovascular disease: distinguishing causality from confounding. J Hum Hypertens. 2006;20(11):837-40.
7. Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. Inflammation, obesity,
stress and coronary heart disease: is interleukin-6 the link? Atherosclerosis.
2000;148(2):209-14.
8. Chandrashekar S. C-reactive protein: An inflammatory marker with specific role
in physiology, pathology, and diagnosis. IJRCI. 2014;2(S1):SR3.
9. Gupta G, Sharma P, Kumar P, Itagappa M. Study on subclinical hypothyroidism
and its association with various inflammatory markers. J Diagn Clin Res.
2015;9(11):BC04-BC06.
10. Zimmermann O, Li K, Zaczkiewicz M, Graf M, Liu Z, Torzewski J. C- reactive
protein in human atherogenesis: Facts and fiction. Mediators Inflamm. 2014;
561428.
11. Bermudez EA, Rifai N, Buring J, Manson JE, Ridker PM. Interrelationships
among circulating interleukin-6, C reactive protein, and traditional cardiovascular
factors in women. Arterioscler Thromb Vasc Biol. 2002;22(10):1668-73.
12. Kasiulevicius V, Sapoka V, Filipaviciute. Sample Size calculation in epidemiological.
Gerontologija. 2006;7(4):225-31.
13. Gan SD, Patel KR. Enzyme Immunoassay and Enzyme-Linked Immunosorbent
Assay. J Invest Dermatol. 2013;133(9):e12.
14. Rifai N, Warnick R, Remaley AT. Lipids, lipoproteins, apolipoproteins, and other
cardiovascular risk factors: In: Burtis CA, Ashwood ER, Bruns DE. Teitz fundamentals of clinical chemistry. Pennsylvania. 2010;422-4.
15. Erhardt JG, Estes JE, Pfeiffer CM, Biesalski HK, Craft NE. Combined measure
ment of ferritin, soluble transferring receptor, retinol binding protein, and
C-reactive protein by an inexpensive, sensitive, and simple sandwich enzymelinked immunosorbent assay technique. J Nutr. 2004;134(11):3127-32.
16. Helle M, Boeije L, de Groot E, de Vos A, Aarden L. Sensitive ELISA for interleukin 6.
Detection of IL-6 in biological fluids: synovial fluids and sera. J Immunol Methods.
1991;138(1):47-56.
17. Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Coblin RH et al. Subclinical
thyroid disease: scientific review and guidelines for diagnosis and management.
JAMA. 2004;291(2):228-38.
18. Weiss IA, Bloomgarden N, Frishman WH. Subclinical hypothyroidism and
cardiovascular risk: recommendations for treatment. Cardiol Rev. 2011;19(6):291-9.
19. Cheserek MJ, Wu G, Shen L, Shi Y, Le G. Evaluation of the relationship between
subclinical hypothyroidism and metabolic syndrome components among workers.
Int J Occup Med Env. 2014;27(2):175-87.
20. Madathil A, Razavi S, Vanderpump M, Pearce S, Weaver J. Subclinical hypothyroidism is associated with fatigue and impaired functional status in males in
the whickham 20 year follow up cohort. Endocrine Abstracts. 2012;28 OC3.7.
21. Gupta G, Sharma P, Kumar P, Itagappa M, Sharma R. A correlation between
thyroid stimulating hormone and body mass index in women with subclinical
hypothyroidism. Asian J Pharm Clin Res. 2015;8(4):206-8.
22. Kvetny J, Heldgaard PE, Bladbjerg EM, Gram J. Subclinical hypothyroidism
is associated with a lowgrade inflammation, increased triglyceride levels and

Journal of Cardiovascular Disease Research, Vol 9, Issue 1, Jan-Mar, 2018

Gupta, et al.: Role of inflammatory markers in subclinical hypothyroidism

23.

24.

25.
26.

27.

28.

29.

30.

31.

predicts cardiovascular disease in males below 50 years. Clin Endocrinol(Oxf).
2004;61(2):232-8.
Cheserek MJ, Wu Guirong, Shen L, Shi Y, Le G. Evaluation of the relationship
between subclinical hypothyroidism and metabolic syndrome components
among workers. Int J Occup Med Environ Health. 2014;27(2):175-87.
Erdum YT, Ercan M, Ugurlu S, Balci H, Acbay O, Gundogdu S. Plasma viscosity,
an early cardiovascular risk factor in women with subclinical hypothyroidism.
Clin Hemorheol Microcirc. 2008;38(4):219-25.
Tian L, Fu M. The relationship between high density lipoprotein subclass profile
and plasma lipids concentrations. Lipids Health Dis. 2010;9(1):118.
Ray S, Talukdar A, Sonthalia N, Saha M, Kundu S, Khanra D, et al. Serum lipoprotein
ratios as markers of insulin resistance: A study among non-diabetic acute
coronary syndrome patients with impaired fasting glucose. Indian J Med Res.
2015;141(1):62-7.
Efstathiadou Z, Bitsis S, Milionis HJ, Kukuvitis A, Bairakatari ET, Elisaf MS et al.
Lipid profile in subclinical hypothyroidism: is L-thyroxine substitution beneficial?
Eur J Endocrinol. 2001;145(6):705-10.
Tamada M, Makita S, Abiko A, Naganuma Y, Nagai M, Nakamura M. Low
density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio as a
useful marker for early-stage carotid atherosclerosis. Metabolis. 2010;59(5):653-7.
Mahto M, Chakraborthy B, Gowda SH, Kaur H, Vishnoi G, Lali P. Are hscrp levels
and ldl/hdl ratio better and early markers to unmask onset of dyslipidemia and
inflammation in asymptomatic subclinical hypothyroidism? Ind J Clin Biochem.
2012;27(3):284-9.
Kc R, Khatiwada S, Deo Mehta K, Pandey P, Lamsal M, Majhi S. Cardiovascular
Risk Factors in Subclinical Hypothyroidism: A Case Control Study in Nepalese
Population. J Thyroid Res. 2015;305:241.
Syamsunder AN, Pal P, Kamalnathan CS, Parija SC, Pal GK, Jaykrishnan G, et al.

32.

33.

34.

35.

36.

37.
38.

39.

Dyslipidemia and low-grade inflammation are associated with sympathovagal
imbalance and cardiovascular risks in subclinical and overt hypothyroidism. Int J
Clin Exp Physiol. 2014;1(1):26-33.
Ibrahim MM, Elamin AM, Mahmoud NO, Elsanosi MM, Elbagir NM. Effects
of subclinical hypothyroidism on important serum lipids values of Sudanese
women. JC CM. 2010;5(7):420-4.
Sharma R, Sharma TK, Kaushik GG, Sharma S, Vardey SK, Sinha M. Subclinical
hypothyroidism and its association with cardiovascular risk factors. Clin Lab.
2011;57(9-10):719-24.
Christ-Crain M, Meier C, Guglielmetti M, Huber PR, Riesen W, Staub J, et al.
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(2):379-86.
Papanas N, Papazoglou D, Papatheodorou K, Antonoglou C, Kotsiou S, Maltezos
E. Thyroxine replacement dose in patients with Hashimoto disease: a potential
role for interleukin-6. Cytokine. 2006;35(3):166-70.
Mohamed Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS et al.
Subacutaneous adipose tissue releases interleukin 6 but not tumor necrocis
factor- alpha, in vivo. J Clin Endocrinol Metab. 1997;82(2):4196-200.
Kershaw EE, Flier JS. Adipose tissue an endocrine organ. J Clin Endocrinol
Metab. 2004;89(6):2548-56.
Auntunes TT, Gagnon A, Bell A, Sorisky A. Thyroid stimulating hormone stimulates interleukin 6 release from 3T3-L1 adipocytes through a cAMP protein
kinase A pathway. Obes Res. 2005;13(12):2066-71.
Turemen EE, Cetinarslan B, Sahin T, Canturk Z, Tarkun I. Endothelial dysfunction
and low grade chronic inflammation in subclinical hypothyroidism due to autoimmune thyroiditis. Endocr J. 2011;58(5):349-54.

Cite this article : Gupta G, Sharma P, Kumar P, Sharma R. Is Cardiovascular Risk Associated with Subclinical Hypothyroidism: Role of C Reactive Protein and
Interleukin-6. J Cardiovasc Disease Res. 2018; 9(1):20-3.

Journal of Cardiovascular Disease Research, Vol 9, Issue 1, Jan-Mar, 2018

23

