IJMB
10.5005/jp-journals-10054-0057

Sapna Vyakaranam et al

ORIGINAL ARTICLE

Study of Serum High-sensitivity C-reactive Protein in
Subclinical Hypothyroidism
1

Sapna Vyakaranam, 2Sindhu Kondaveedu, 3Srinivas Nori, 4Shailendra Dandge, 5Aparna V Bhongir

ABSTRACT
Aim: The aim of the study is to see the difference between
high-sensitivity C-reactive protein (hsCRP) in subclinical hypothyroidism (SCH) and controls and find an association between
hsCRP and thyroid-stimulating hormone (TSH) in SCH.
Materials and methods: Totally, 60 subjects were selected for
the study, which included 30 cases of SCH and 30 controls with
normal thyroid status.
Results: The mean TSH levels were significantly elevated in
SCH when compared with controls (9.20 ± 2.12 mU/mL; 2.26
± 0.78 mU/mL; p-value: <0.0001 respectively). Significantly
elevated hsCRP was observed in SCH when compared with
controls (3.05 ± 1.78 mg/L; 0.62 ± 0.39 mg/L; p < 0.0001
respectively). As per stratification of cardiovascular disease
(CVD) risk by hsCRP, 23% of SCH had high risk of developing
CVD. Multivariate linear regression suggested that hsCRP is
significantly and positively associated with SCH after adjusting
for age and body mass index (BMI).
Conclusion: Elevated levels of hsCRP in SCH suggest inflammation as a possible factor for linking SCH and CVD.
Clinical significance: Progression to overt hypothyroidism
and cardiovascular risk are the major implications of SCH. The
hsCRP is not only an inflammatory marker, but also a stimulator
of inflammation and predictor of CVD. The hsCRP indicates the
cardiovascular risk associated with SCH. Hence, it can be used
to screen SCH patients who are at a risk of developing CVD.
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INTRODUCTION
Subclinical hypothyroidism is a common health problem
when compared with overt hypothyroidism, with an incidence of 3 to 8%.1 The SCH is a condition associated with
mild thyroid dysfunction, with elevated TSH and normal
levels of thyroid hormones [free triiodothyronine (FT3)
and free thyroxine (FT4)]. The SCH is usually asymptomatic and diagnosed either on normal screening of TSH
or on evaluating nonspecific symptoms. Various studies
have shown a clinical impact of SCH on metabolism,
endothelial dysfunction, and various CVD risk factors.2-4
Numerous inflammatory markers have emerged
as independent risk factors for CVD. High-sensitivity
C-reactive protein, determined by high-sensitivity immunoassay, is now considered as an effective predictor of
CVD than low-density lipoprotein cholesterol.5 The CRP
is an acute phase reactant synthesized by the liver. It was
proposed that CRP directly stimulates the inflammatory
process by inducing the expression of adhesion molecules in vascular endothelial cells.6 The role of hsCRP
for assessing the CVD risk in SCH is conflicting. Studies
have shown elevated hsCRP levels in SCH,7-10 whereas
in few studies, no significant difference was observed.11,12
This study is undertaken to observe if hsCRP can predict
CVD risk in patients with SCH. The aim of the study was
to estimate hsCRP in SCH and compare with euthyroid
and also investigate the association between TSH and
hsCRP in SCH.

MATERIALS AND METHODS
This is a comparative cross-sectional study done in
MediCiti Institute of Medical Sciences. The study group
included patients attending the outpatient department
in the Department of Medicine. Thirty subjects were
grouped as SCH based on thyroid status (an elevated
TSH, and FT3 and FT4 in normal reference range).
Freshly diagnosed cases with no history of medications

IJMB
Study of Serum hsCRP in Subclinical Hypothyroidism

for thyroid disorders were grouped under SCH. Thirty
age-matched volunteers with normal thyroid status were
grouped as controls.
Patients suffering from diabetes, hypertension, tuberculosis, liver and renal disorders, congestive cardiac failure,
and/or any other systemic infections were excluded.
Patients on anti-inflammatory drugs, antibiotics, thyroid
supplementation, and any medication that can affect
thyroid status were excluded. Comorbidities were excluded
based on self-reported questionnaire. Pregnancy was also
accounted for exclusion from the study. Subjects with
hsCRP >10 mg/L were excluded as it could be due to acute
infections. A written informed consent was obtained from
all the participants. Institutional ethics committee clearance
was obtained.
The SCH is defined as a condition where TSH levels
are above the upper defined limits, while elevated FT3
and FT4 levels are not present.13 The normal ranges of
thyroid hormones are: TSH: 0.4 to 5.5 µLU/mL, FT4: 0.8
to 2.7 ng/dL, FT3: 2 to 4.4 pg/dL.10
Under strict aseptic technique and by venous puncture, 5 mL of blood sample was collected into properly
labeled plain polystyrene tubes. The samples were collected, handled, and transported to the lab according to
the guidelines given by the clinical and laboratory standards institute/National Clinical Chemistry Laboratory
Standards.14,15 Blood samples were centrifuged at 10,000
rpm for 10 minutes and the serum was collected in vials
and stored at −80°C until the analysis. Samples were
analyzed for thyroid hormones and hsCRP. The analysis
was done in a batch after thawing to room temperature.
Serum levels of TSH, FT3, and FT4 were estimated
by competitive immunoassay using chemiluminescence
technology on Siemens Advia Centaur CP. The reference
range of TSH for apparently healthy individual was
0.4 to 5.5 μU/mL. The assay range for serum TSH was
0.01 to 150 μU/mL. The intra-assay coefficient of variance
(CV) using Randox immunoassay control levels 1, 2, 3
with target values of 0.106, 2.4, 20.9 μU/mL was 3.6, 4.2,
and 4.6% respectively.
The reference range of FT3 for apparently healthy individual was 2.3 to 4.2 pg/dL. The assay range for serum
FT3 was 0.2 to 20 pg/dL. The intra-assay CV using random
immunoassay controls levels 1, 2, 3 with target values of
3.1, 9.41, 5.8 pg/dL was 5.2, 4.2, and 3.8% respectively. The
reference range of FT4 for apparently healthy individual
was 0.89 to 1.76 ng/dL. The assay range for serum FT4
was 0.1 to 12 ng/dL. The intra-assay CV using Randox
immunoassay control levels 1, 2, 3 with target values of
0.779, 2.18, 3.84 ng/dL was 4.2, 4.6, and 3.2% respectively.
The serum hsCRP was estimated by particle-enhanced
immunonephelometric assay on Hitachi Cobas fully
automated analyzer. The assay range is from 0.15 to

20mg/L. The intra-assay CV using Randox levels 1, 2, 3
with a target value of 1.0, 2.8, 7.4 mg/L was 3.4, 4.8, and
3.8% respectively.

Sample Size
Sample size was calculated from the difference in mean
and standard deviation of hsCRP in SCH and Controls
from the study done by Czarnywojtek A et al.21 With an α
error of 0.05 and Power of 80% using statistical software
STATA 14 statistics/data analysis Stata Corp LP (www.
stata.com) the estimated sample size was 27 in each
group. Hence the sample size in our study was thirty subjects with SCH and 30 controls (27 is rounded off to 30).
The sample size in the present study is 30 in each
group totaling to 60.

Statistical Analysis
The data were processed on MS Excel worksheet, and
analysis was carried out using STATA 14 statistics/data
analysis Stata Corp LP (www.stata.com). The normal
distribution of the data was assessed by Kolmogorov–
Smirnov test. The results were analyzed by Student’s
t-test. Univariate linear regression was performed with
TSH as independent and hsCRP as dependent variables
with age and BMI as covariates in the SCH group. Multi
variate linear regression was done after adjusting for
age and BMI. A two-tailed probability value of 0.05 was
considered as statistically significant.

RESULTS
The study population included 60 subjects, of which 30
were euthyroids and 30 were SCH.
Of the 30 euthyroids included in the study, 23 were
females and 7 were males. Of the 30 SCH, 19 were
female and 11 were male. All the participants included
were between 25 and 50 years of age. The TSH, FT3,
FT4, and hsCRP were measured in each subject of both
the groups.
Demographic and biochemical parameters of SCH
and controls are shown in Table 1.
Table 1: Biochemical parameters of controls and SCH
Controls (n = 30)
mean ± SD

SCH (n = 30)
mean ± SD

p-value

Age (yrs)

32.2 ± 6.9

34.1 ± 9.1

0.36

BMI (kg/m2)

26.5 ± 5.7

28.5 ± 3.9

0.11

FT3 (pg/dL)

3.25 ± 0.59

3.14 ± 0.27

0.39

FT4 (ng/dL)

1.46 ± 0.32

1.34 ± 0.13

TSH (μU/mL)

2.26 ± 0.78

9.20 ± 2.21

<0.0001*

hsCRP (mg/L)

0.62 ± 0.39

3.05 ± 1.78

<0.0001*

0.06

*p-value<0.05 significant;SD: Standard deviation
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Table 2: Univariate linear regression for the effect of TSH, age, and BMI on hsCRP in SCH
Variable
β0 (constant)
β (coefficient)
TSH
–2.28
0.58
Age
1.57
0.04
BMI
5.18
–0.07
*p < 0.05 significant; SE: Standard error; CI: Confidence interval

SE
0.11
0.035
0.08

95% CI
0.34 to 0.82
–0.3 to 0.11
–0.24 to 0.09

p-value
<0.001*
0.24
0.38

Table 3: Multivariate linear regression for the effect of TSH, age, and BMI on hsCRP in SCH
Variable
β0 (constant)
β (coefficient)
Constant
–2.38
TSH
0.56
Age
0.001
BMI
0.002
*p < 0.05 significant; SE: Standard error; CI: Confidence interval

In our study, no significant difference was observed
between age, BMI, FT3, and FT4 in the study groups. The
mean TSH levels of the SCH were significantly higher
than that of the controls (9.20±2.21; 2.26±0.78 μU/mL;
p-value: <0.0001 respectively). In addition to the TSH
levels, significantly higher levels of the hsCRP were
observed in SCH when compared with controls (3.05 ±
1.78, 0.62 ± 0.39 mg/L; p < 0.0001) respectively.
Risk stratification of CVD for hsCRP as recommended
by the American Diabetes Association (ADA)/Centers
for Disease Control and Prevention (CDC) and National
Academy of Clinical Biochemistry (NACB) experts is
<1, 1 to 3, >3 mg/L for low, moderate, and high risk
respectively.16,17 In our study, 24 (80%) and 6 (20%) of
controls were at low and moderate risk of developing
CVD respectively. In SCH, 8 (24%), 15 (53%), and 7 (23%)
were at low, moderate, and high risk of developing CVD
respectively.
Univariate linear regression, for the effect of TSH, age,
and BMI on hsCRP in SCH, are represented in Table 2.
Univariate analysis showed a significant and positive
association of hsCRP with TSH in SCH (β = 0.58), although
age and BMI were associated with hsCRP, but were not
statistically significant (β = 0.04, −0.07, p-value 0.24, 0.38
respectively). Though insignificant in univariate analysis,
age and BMI were included in multivariate analysis.18
Multivariate linear regression for the effect of TSH
on hsCRP after adjusting for age and BMI in SCH are
represented in Table 3.
Multivariate analysis showed hsCRP is significantly
and positively associated with SCH after adjusting for
age and BMI (β = 0.56, p < 0.001). The hsCRP was not
associated with age or BMI after adjusting for TSH and
BMI and TSH and age (β = 0.001, 0.002, p-value 0.96,
0.35) respectively. The β-coefficient shows the magnitude
of relationship between independent and dependent
variables.
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SE

95% CI

0.13
0.03
0.06

0.31 to 0.85
–0.58 to 0.06
–0.13 to 0.14

p-value
<0.001*
0.96
0.35

DISCUSSION
Subclinical hypothyroidism, a mild thyroid dysfunction
disorder, has clinical significance due to its high prevalence,
risk of progression to overt hypothyroidism, and associated
CVD risks. High-sensitivity C-reactive protein is a marker
of underlying proinflammatory processes and a strong
predictor of CVD. In our study, we observed elevated
levels of hsCRP in SCH compared with euthyroids. Similar
results were observed in the studies done by Roy et al,7
Syamsunder et al,8 Yu et al,9 and Mhto et al.10
Roy et al,7 in their study, concluded that low-grade
inflammation starts in the early stages of hypothyroidism,
resulting in elevated hsCRP. Syamsunder et al8 studied
sympathetic vagal imbalance in SCH and stated that a concomitant increased sympathetic and decreased vagal activities are associated with low-grade inflammation, which
is directly linked to hsCRP. Studies have shown elevated
levels of other inflammatory markers, such as procalcitonin,
erythrocyte sedimentation rate, and interleukin (IL)-6 in
SCH.19,20 Czarnywojtek et al,21 in their study,suggested that
the elevation of hsCRP in SCH is due to the interaction of
IL-6 with tumor necrosis factor-α and IL-1. Other mechanisms of CRP elevation in SCH were suggested as due to
the slowing down of overall metabolic rate, slower uptake
of CRP by target cells, and decreased rate of clearance.
La Vignera et al,22 in their study, had shown that SCH
affects vascular health by increasing oxidative stress and
endothelial dysfunction. Mild thyroiditis is associated
with low thyroid dysfunction. The resulting inflammation rises hsCRP independent of other factors.9 Studies
have also shown that hsCRP is not only produced by
liver, but also from atherosclerotic plaques activated by
vascular cells, suggesting its role in systemic and tissue
inflammation.23
It is further stated that TSH >10 μU/mL is associated
with more elevated cardiovascular risk. In our study,
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we observed nine subjects with TSH > 10 μU/mL; all
had hsCRP > 2.5 mg/L indicating that increasing TSH
increases cardiovascular risk. As per the risk stratification
of CVD for hsCRP recommended by the ADA/CDC and
NACB experts, in our study, 7 (23.3%) of SCH were at high
risk for developing CVD. This is in accordance with the
study done by Sharma et al,24 where 21.6% of SCH were
at high risk for developing CVD.
Yu et al9 performed multiple linear regression and
confirmed significant positive correlation between
hsCRP and TSH after adjusting for potential confounder.
A significant increase in odds ratio for SCH in progressive hsCRP quartiles was observed, suggesting a dose
response effect. In our study, multivariate linear regression had confirmed a positive association between TSH
and hsCRP in SCH after adjustment for age and BMI.
Conflicting reports exist that relate the association
of TSH with hsCRP in SCH. Hueston et al12 found no
significant association between hsCRP and TSH in SCH
after adjusting for potential confounders. But, it was suggested that absence of association between inflammatory
markers and TSH does not rule out cardiovascular risk,
as it could be due to other mechanisms like autoimmunity. Aksoy et al11 did not find any association between
hsCRP and TSH in SCH. But, hsCRP levels correlated
with weight-related parameters, such as adiposity, insulin
resistance, and metabolic syndrome suggesting inflammation as a link between SCH and cardiovascular risk.
To conclude, SCH usually goes underdiagnosed, but
still is associated with various cardiovascular risks. Our
results show a positive association between TSH and
hsCRP after adjusting for age and BMI, highlighting
cardiovascular risk in SCH.

Clinical Significance
Clinical impact of SCH is its progression to overt hypothyroidism and risk for CVD. Hence, TSH should be
included in routine screening. The hsCRP is an inflammatory marker, stimulator of inflammation, and predictor of
CVD. The hsCRP levels highlight the cardiovascular risk
in SCH, and hence, can be used to screen SCH patients.
Thus, treatment can be started at the earliest to ward off
future cardiovascular events.
Being a cross-sectional study, the etiology of SCH and
the following further events could not be done.

REFERENCES
1. Fatourechi V. Subclinical hypothyroidism: an update for
primary care physicians. Mayo Clin Proc 2009 Jan;84(1):65-71.
2. Biondi B, Palmieri EA, Lombardi G, Fazio S. Effects of subclinical thyroid dysfunction on the heart. Ann Intern Med 2002
Dec;137(11):904-914.

3. Biondi B, Galderisi M, Pagano L, Sidiropulos M, Pulcrano M,
D’Errico A, Ippolito S, Rossi A, de Divitiis O, Lombardi G.
Endothelial-mediated coronary ﬂow reserve in patients with
mild thyroid hormone deﬁciency. Eur J Endocrinol 2009
Aug;161(2):323-329.
4. Jiskra J, Limanova Z, Antosova M. Thyroid diseases, dyslipidemia and cardiovascular risk. Vnitr Lek 2007 Apr;53(4):
382-385.
5. Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison
of CRP and LDL cholesterol in prediction of first cardiovascular event. N Engl J Med 2002 Nov;347(20):1557-1565.
6. Pasceri V, Willseron JT, Yeh ET. Direct proinflammatory
effect of CRP on human endothelial cells. Circulation 2002
Oct;102(18):2165-2168.
7. Roy S, Banerjee U, Dasgupta A. Interrelationship of the proinflammatory marker HSCRP with dyslipidemic changes: a
comparative study between subclinical and overt hypothyroidism. J Evol Med Dent Sci 2016 Feb;5(16):806-812.
8. Syamsunder AN, Pal P, Kamalanathan CS, Parija SC,
Pal GK, Jayakrishnan G, Sirisha A, Karthik S. Dyslipidemia
and low-grade inflammation are associated with sympathovagal imbalance and cardiovascular risks in subclinical and
overt hypothyroidism. Int J Clin Exp Physiol 2014 Apr;1(1):
26-33.
9. Yu YT, Ho CT, Li CI, Davidson LE, Liu CS, Li TC, Shih CM,
Lin CC, Lin WY. Subclinical hypothyroidism is associated
with elevated high-sensitive C-reactive protein among adult
Taiwanese. Endocrine 2013 Dec;44(3):716-722.
10. 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? Indian J Clin
Biochem 2012 Jul;27(3):284-289.
11. Aksoy DY, Cinar N, Harmanci A, Karakaya J, Yildiz BO,
Usman A, Bayraktar M. Serum resistin and high sensitive
CRP levels in patients with subclinical hypothyroidism before
and after L-thyroxine therapy. Med Sci Monit 2013 Mar;19:
210-215.
12. Heuston WJ, King DE, Geesey ME. Serum biomarkers and
cardiovascular inflammation in subclinical hypothyroidism.
Clin Endocrinol (Oxf) 2005 Nov;63(5):582-587.
13. Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH,
Franklyn JA, Hershman JM, Burman KD, Denke MA, et al.
Subclinical thyroid disease: scientific review and guidelines
for diagnosis and management. JAMA 2004 Jan;291(2):
228-238.
14. Clinical and Laboratory Standards Institute. Procedures for
the collection of diagnostic blood specimens by venipuncture:
approved standard. 6th ed. Wayne (PA): CLSI; 2007.
15. Clinical and Laboratory Standards Institute. Procedures for
handling and transport of domestic diagnostic specimens
and etiologic agents: approved standard. 4th ed. Wayne (PA):
CLSI; 2010.
16. NACB LMPG Committee Members, Meyer GL, Christenson
RH, Cushman M, Ballantyne CM, Copper GR, Pfeiffer CM,
Grundy SM, Labarthe DR, Levy D, Rifai N, et al. National
Academy of Clinical Biochemistry Laboratory Medicine
Practical guidelines: emerging biomarkers for primary prevention of cardiovascular disease. Clin Chem 2009 Feb;55(2):
378-384.
17. Pearson TA, Mensah GA,Alexander RW,Anderson JL, Cannon RO
3rd, Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers GL, et al.

Indian Journal of Medical Biochemistry, January-June 2018;22(1):66-70

69

Sapna Vyakaranam et al
Markers of inflammation and CVD: application to clinical
and public health practice: a statement for health care professionals from CDC and prevention and AHA. Circulation 2003
Jan;107(3):499-511.
18. Lo SK, Li IT, Tsou TS, See L. Non-significant in univariate
but significant in multivariate analysis: a discussion with
examples. Changgeng Yi Xuan Za Zhi 1995 Jun;18(2):
95-101.
19. Gupta G, Sharma P, Kumar P, Itagappa M. Study on subclinical
hypothyroidism and its association with various inflammatory markers. J Clin Diagn Res 2015 Nov;9(11):BC04-BC06.
20. Savas E, Sahin AZ, Aksoy SN, Tascan A, Sayiner AZ,
Ozkaya M. Serum levels of inflammatory markers in patients
with thyroid dysfunction and their association with autoimmunity status. Int J Clin Exp Med 2016 Feb;9(2):4485-4490.

70

21. Czarnywojtek A, Owecki M, Zgorzalewicz-Stachowiak M,
Wolinski K, Szczepanek-Parulska E, Budny B, Florek E,
Waligórska-Stachura J, Miechowicz I, Bączyk M, et al. The
role of serum C-reactive protein measured by high-sensitive
method in thyroid disease. Arch Immunol Ther Exp (Earsz)
2014 Dec;62(6):501-509.
22. La Vignera S, Condorelli R, Vicari E, Calogero AE. Endothelial
dysfunction and subclinical hypothyroidism: a brief review.
J. Endocrinol Invest 2012 Jan;35(1):96-103.
23. Montecucco F, Mach F. New evidence for C-reactive protein
deposits in the arterial intima as a cardiovascular risk factor.
Clin Interv Aging 2008 Jun;3(2):341-349.
24. Sharma R, Sharma TK, Kaushik GG, Sharma S, Vardey SK,
Sinha M. Subclinical hypothyroidism and its association with
cardiovascular risk factors. Clin Lab 2011 Jan;57(9-10):719-724.

