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ABSTRACT

Background and Aims: Antibodies against thyroperoxidase (TPO-Ab) and cholesterol levels are
raised in overt hypothyroidism (OH) along with an increase of hsCRP, an early indicator of low
grade inflammation. However, hypercholesterolemia and dyslipedemia has been found
inconsistently in subclinical hypothyroidism (SCH) in different regions. The present study aimed at
elucidating the relative importance of hsCRP and TPO-Ab with altered lipid parameters in both SCH
and OH patients in this Region.

Study Design: Hospital-based case control study.

Methodology: Lipid parameters and hsCRP were measured in and TPO-Abs positive 35 OH and
35 SCH patients and 30 control subjects. Serum TSH, free T4, TPO-Ab, hsCRP levels and lipid
parameters were measured by ELISA and standard photometric assays respectively. Post hoc
ANOVA, bivariate correlation and multiple linear regression assays were used for analysing the
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differences between mean values, strength of association between study variables and dependence
of LDL cholesterol(LDLc) on hsCRP and TPO-Ab levels.

Results: Mean LDLcandHDLc were significantly increased and decreased respectively in both OH
(146 £ 11.4; 29.5 £ 4.6); and SCH (132.4 + 8.4; 37.6 £ 4.1) when compared with the control groups
(90.8 + 8.1; 44.4 £ 7.7) in graded manner (P < 0.001 between all groups).A similar rise in hsCRP
levels (1.14 £ .32 in control, 2.22 + .40 in SCH and 3.5 £ 1.0 in OH; P < 0.001 between all groups)
was observed. Elevation in TPO-Ab levels in OH and SCH groups were significant only in
comparison with the control groups (21.2 + 5.5 in control, 44.8 + 15 in SCH and 52.4 + 16.7 in OH
group; P < 0.001 against control group for both SCH and OH, but .07 between SCH and OH
groups). LDLc was directly correlated with both TPO-Ab and hsCRPlevels in both groups. However,
hsCRP levels showed better predictor effect on LDLc levels in both groups (f = .484 and .498; P =
.002 and .003 for the OH and SCH respectively) in comparison to TPO-Ab (8 = .281 and .200; P =
.059 and .206 for the OH and SCH respectively).

Conclusion: Our findings specify the contributory roles of a low grade inflammatory state on altered
LDLc metabolism that culminates in atherosclerosis in early thyroid diseases. It is also evident that
hsCRP is a better indicator of it compared to TPO-Ab in even TPO-Ab positive hypothyroid patients.
As in the OH group, hsCRP measurement in SCH can also help in initiating restrictive measures to

minimise its further progression in OH conditions.

Keywords: Thyroperoxidase antibody (TPO);
hypothyroidism; LDL cholesterol.

1. INTRODUCTION

Subclinical hypothyroidism (SCH) as well as its
overt (OH) form, has been associated with
significant risks for dyslipedemia and the
consequent cardiovascular risks from it [1].
Studies from different parts of the world have
suggested a prevalence of about 3 to 8% for the
SCH [2-5]. On the other hand, antibodies against
thyroperoxidase(TPO-Ab) enzyme are found in
almost 80 percent and 50 percent in OH and
SCH respectively [6]. Presence of these
antibodies in Hashimoto’s thyroiditis potentiates
development of thyroid lymphoma and papillary
carcinoma of thyroid [7]. Its presence in clinically
euthyroid pregnant women has been found to be
associated with repeated miscarriages in early
pregnant stages which is promptly reverted to
normalcy with thyroid hormone replacement [8].
Although, some studies reported no association
of cholesterol levels with TSH in Hashimoto’s
thyroid disorder [9], recently TPO-Abs have been
found to be associated with dyslipidemia in OH
as well as in SCH groups making it as a potential
cardiovascular risk factor [10,11]. Furthermore,
the high sensitive C reactive protein (hsCRP), an
independent risk factor for cardiovascular
diseases as per Framingham risk score [12], has
also been reported to be elevated at an early
stage of hypothyroidism in several studies
[13,14].However, this association has not been
found to be significant in other places [15,16].
Hence, other than the immunological importance,
presence of TPO antibodies and increased C

hsCRP;  subclinical  hypothyroidism;  overt
reactive proteins herald special mention
regarding their potential association with

dyslipedemia and cardiovascular complications
in  hypothyroid patients. However, this
association has been debated much and lacks
significance  congruence  among different
population groups.In our country hypothyroidism,
both in its overt and subclinical form, constitute a
major cause of morbidity among different age
groups including pregnant mothers and the
newborns [17,18].This potential association is
important clinically as it needs to be investigated
in both SCH and OH patients for formulating an
appropriate  management schedule at the
earliest.

Keeping these factors in mind we hypothesised
that dyslipedemia and so the cardiovascular risk
factors should be associated with an increased
TPO-Ab and hsCRP in the hypothyroid patients
in our study group. Hence, the present study has
been designed accordingly to assess this
relationship in both groups of SCH and OH
patients in this region with an aim to ascertain
the potential relationship between TSH fT4 and
lipid profile with TPO-Ab and hsCRP levels in
both SCH and OH patients.

2. MATERIALS AND METHODS

The methodology for the present hospital based
cross sectional study was designed to assess
and compare the relationship between TSH, fT4
and lipid profile parameters with that of the
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hsCRP and TPO
patients.

levels in SCH and OH

2.1 Selection of Study Subjects

The cases were selected from the thyroid clinic
of our tertiary care hospital. Both male & female
subjects between age group 20 to 60 years were
selected for assessing the serum levels of free
T4 (fT4), TSH, LDLc, HDLc, triglyceride (TG),
total cholesterol (TC), antibodies against
thyroperoxidase (TPO-Ab) and hsCRP. Following
exclusion criteria were considered for final
selection of the case group.

Exclusion criteria for cases: Pregnant women
were excluded to avoid the altered
immunological status during pregnancy. Patients
with any other metabolic disorders or any chronic
illness were also excluded from the study by
proper  history  taking and supportive
investigations. History of smoking alcohol drug
addiction or patients suffering from any malignant
disorders were excluded from the study.

Following the inclusion and exclusion criteria, the
maximum number of possible cases was
selected using the method of convenience within
the stipulated study period of one year starting
from June 2016 to June 2017 in our tertiary care
medical college and hospital. 30age and sex
matched normal subjects having no history of
any metabolic disorders, inflammatory or any
other co-morbid condition that could cause an
increase in hsCRP or alter thyroid function
status, and without any addiction, history were
selected as control group for this study.

2.2 Ethical Consideration

The study strictly adhered to the Helsinki
declaration for human studies 1975, revised in
2000. The study was undertaken after getting the
approval from the institutional ethical committee.

2.3 Analysis of Biochemical Parameters

Immunological assays were performed using
ELISA kits from Accubind, USA for the TSH, T4,
TPO-Ab and hsCRP. Lipid parameters like TC,
LDLc, HDLc and TG levels were measured using
standard colorimetric reagent kits from ERBA,
Transasia, USAin fully automated biochemical
analyzer from XL 600, ERBA, Transasia USA.
Coefficient of variation for each test remained
below 10% throughout the study period.

2.4 Statistical Analysis

Data obtained were analysed for normal
distribution using Kolmogrov Smirnov analysis
.For normally distribute parameters comparison
between their mean values were performed
using independent t test and post hoc
ANOVA with Bonferroni's correction as
needed. The degree of association within the
study variables were analysed by multiple
correlations and regression analysis as
applicable. All statistical analyses were done
by SPSS software version 20. P- value less
than 0.05 were taken as statistically significant
for a 95% confidence interval for the present
study.

3. RESULTS ANALYSIS

We subdivided the case group into SCH and OH
patients based on serum fT4 levels, as follows:
(1) SCH group: elevated TSH (>6.16 ulU/mL),
but total fT4 within the reference range (0.8 to 2
ng/dL); (2) OH group: elevated TSH (>6.16
pIU/mL) and fT4 below the lower limit of the
reference range (0.8 ng/dL).Accordingly 35
patients were classified as OH and 35 were
classified as SCH.

First, we performed the ANOVA tests to elicit the
significance of difference between the mean
values of OH, SCH and control groups. In Table
1A simple one way ANOVA showed that there
was a significant difference (P < 0.05 for all
parameters) between the OH, SCH and control
population. To obtain the significance of
difference between the individual groups post
hoc ANOVA was done with Bonferroni
correction to avoid the biasness in the P value
assessment due to repeated comparisons.
Results showed that difference between all
individual parameters were statistically
significant between the three groups separately
except that for the fT4 where no significant
difference were found between the control and
SCH group.

When the data were analysed for the strength of
association between different parameters in
the OH group (Table 2), it was found that that
hsCRP and TPO antibodies were directly
associated with the TSH and LDLc values while
showing inverse relationships with the fT4
values. In addition, hsCRP showed a negative
association with HDLc and positive correlation
with the TG level.
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Table 1A. Simple one way ANOVA to show the significance of difference between the mean
values of study parameters between groups and within groups as a whole

ANOVA
Sum of squares Mean square F Sig.(P value)
TSH Between groups 3497.358 1748.679 295.680 <.001
Within groups 573.668 5.914
Total 4071.027
fT4 Between groups 13.648 6.824 147.227 <.001
Within groups 4.496 .046
Total 18.145
TPO-Ab Between groups 16675.429 8337.715 45.107 <.001
Within groups 17929.881 184.844
Total 34605.310
hsCRP Between groups 85.555 42.778 91.973 <.001
Within groups 45116 465
Total 130.671
LDL Between groups 52604.954 26302.477 289.572 <.001
Within groups 8810.730 90.832
Total 61415.684
HDL Between groups 3609.234 1804.617 57.529 <.001
Within groups 3042.793 31.369
Total 6652.027
TGL Between groups 36954.133 18477.066 104.978 <.001
Within groups 17072.819 176.008
Total 54026.952
VLDL Between groups 1478.165 739.083 104.978 <.001
Within groups 682.913 7.040
Total 2161.078
TC Between groups 44796.206 22398.103 202.380 <.001
Within groups 10735.306 110.673
Total 55531.512

Similar analysis in the Table 3 showed that the
TPO Abs and hsCRP levels were significantly
associated with TSH and LDLc values in the
SCH group without showing any association with
the fT4 values. Positive association of both TPO-
Ab and hsCRP were also observed with the
LDLcvalues. hsCRP showed a negative
association with HDLc and positive association
TG levels also.

Multiple linear regression analysis in the Table 4
and 5 revealed that as in the case of OH group,
LDLc levels in the SCH patients were also
significantly dependent on the hsCRP values
only.

4. DISCUSSION

In the present study, significantly elevated levels
of TPO-Ab and hsCRP in both SCH and OH
groups (Table 1A and 1B) were significantly
associated with raised LDL cholesterol level
(Table 2 and 3). Several studies have strongly
suggested that elevated TPO-Ab and TSH signify
poorer prognosis for SCH patients and overall

poor outcome for hypothyroid patients leading to
early thyroid failure [19,20] and its impending
complexities like dyslipedemia, atherosclerosis
and cardiovascular morbidity. High cholesterol
level and low HDLc values have been found to
be major confounding factors for hypothyroid
patients. In SCH increased cholesterol levels has
been found to be associated with rising tires of
serum TSH values [21]. Some studies reported
changes in both triglyceride and LDLc levels in
SCH [22,23] whereas others reported changes in
LDLc only that reverts back to normal with
levothyroxine therapy [24]. In our study, both
LDLc and triglyceride levels were found to be
significantly directly associated with TSH levels
in SCH and OH groups (Tables 2 and 3).
However, when their association with the T4
levels were analysed, LDLconly showed signifi-
cant increase in both SCH and OH groups (Table
2 and 3). High LDLc levels in SCH have been so
far attributed to reduced LDL receptor sensitivity
due to altered adipokine status in SCH along with
a decreased turnover of cholesterol ester transfer
protein mediated conversion of LDL to HDL due
to compromised T3 function [25].
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Table 1B. Post hoc ANOVA with Bonferroni correction to show the significance of difference
between the mean values of study parameters between each individual group separately (n for
OH, SCH and control group = 35, 35 and 30 respectively, Total N = 100)

Dependent variable (I) Grouping (J) Grouping Sig.
TSH (mlIU/) CONT SCH <.001
(MeanzS.D) (3.01 £ 1.10) OH <.001
SCH CONT <.001
(8.9 1.6) OH <.001
OH CONT <.001
(17.5+ 3.6) SCH <.001
fT4 (ng/dl) .CONT SCH .632
(MeanzS.D) (1.31£.19) OH <.001
SCH CONT .632
(1.25 £ .28) OH <.001
OH CONT <.001
(.50 + .15) SCH <.001
TPO-Ab (IU/ml) CONT SCH <.001
(MeanzS.D) (21.2+£5.5) OH <.001
SCH CONT <.001
(44.8 £ 15) OH .070
OH CONT <.001
(52.4 £ 16.7) SCH .070
hsCRP (mg/l) CONT SCH <.001
(MeanzS.D) (1.14 £ .32) OH <.001
SCH CONT <.001
(2.22 £ .40) OH <.001
OH CONT <.001
(3.5+1.0) SCH <.001
LDLc (mg/dl) CONT SCH <.001
(MeanzS.D) (90.8 £ 8.1) OH <.001
SCH CONT <.001
(132.4 £ 8.4) OH <.001
OH CONT <.001
(146 + 11.4) SCH <.001
HDLc (mg/dl) CONT SCH <.001
(MeanzS.D) (44.4£7.7) OH <.001
SCH CONT <.001
(37.6£4.1) OH <.001
OH CONT <.001
(29.5 £ 4.6) SCH <.001
TG (mg/dl) CONT SCH <.001
(MeanzS.D) (115+12.7) OH <.001
SCH CONT <.001
(145.5+13.7) OH <.001
OH CONT <.001
(162.4 + 13.2) SCH <.001
TC CONT SCH <.001
(MeanzS.D) (158.2 £ 8.1) OH <.001
SCH CONT .000
(199.2 £ 10.1) OH .002
OH CONT .000
(208.1 + 12.5) SCH .002

hsCRP is an established marker of low grade
inflammation responsible for atherosclerotic
changes and several studies have confirmed its
elevation in the early phases of SCH [26,27]
while some studies reporting no such association
[15]. In the present study significant increase in
the hsCRP levels has been found in the SCH

group in comparison the control subjects that
was further increased in the OH state (post hoc
ANOVA, Table 1B). This graded increase was
most likely due to elevated levels of inflammatory
states as reflected by a direct correlation
between the TPO-Ab and hsCRP levels in both
groups (Table 2 for OH and Table 3 for SCH).
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Furthermore, both TPO-Ab and hsCRP were
directly related with the serum LDLc levels in
both SCH and OH patients indicating their

combined effects on the LDLc levels in both
groups by multiple linear regression analysis
(Table 4 for OH and Table 5 for the SCH group),

individual  contributory  roles hyper- it was revealed that serum hsCRP played a more
cholesterolemia induced atherosclerosis.  determining predictive role in the elevation of
However, when we further explored their LDLc levels in both groups.

Table 2. Bivariate Pearson’s correlation analysis showing the strength of association between
different study parameters in OH group N=35

TSH T4 TPOAb hsCRP LDLc HDLc TG TC
TSH Pearson correlation 1 -679° 424 462" 466~ -5587 328 098
Sig. (2-tailed) <001 .011 .005 005  .000 049 574
T4 Pearson correlation  -.679" 1 -486°  -360°  -354 363  -243 .023
Sig. (2-tailed) <001 .003 034 037 032 159  .897
TPOAb  Pearson correlation  .424° -486° 1 379 358*  -.017 065  .038
Sig. (2-tailed) 011 .003 025 035 921 710  .829
hsCRP  Pearson correlation 4627  -360  .379 1 529" -368 .096 370
Sig. (2-tailed) .005 034 .025 .001 .029 584  .029
LDLc Pearson correlation 466~ -354  .358* 529 1 -317 235 563"
Sig. (2-tailed) .005 037 .035 .001 .064 174 <001
HDLc  Pearson correlation  -.558  .363 -017 -.368" -317 1 -089 -.071
Sig. (2-tailed) .000 032 921 .029 .064 610 684
TG Pearson correlation 328 -.243 .065 .096 235 -.089 1 .241
Sig. (2-tailed) .054 159 710 584 174 610 164
TC Pearson correlation  .098 023 .038 370 5637 -.071 241 1
Sig. (2-tailed) 574 897 829 029 <001 .684 164

*P value significant at P < 0.05 for 95% confidence interval

Table 3. Bivariate Pearson’s correlation analysis showing the strength of association between
different study parameters in SCH group

TSH fT4 TPO-Ab hsCRP LDLc HDLc TG TC
TSH Pearson correlation 1 -655 427 466~ 6047 -271 4707 539
Sig. (2-tailed) .000 .010 .005 .000 115 .004  .001
N 35 35 35 35 35 35 35 35
T4 Pearson correlation  -.655 1 -.180 -.295 -458" 052  -210 -.468~
Sig. (2-tailed) .000 302 .085 .006 765 226 005
N 35 35 35 35 35 35 35 35
TPO-  Pearson correlation 427 -180 1 430" 414 -268 216 .219
Ab Sig. (2-tailed) .010 .302 .010 013 120 212 207
N 35 35 35 35 35 35 35 35
hsCRP  Pearson correlation 466 ~ -295 430" 1 5847 -069 4427 524"
Sig. (2-tailed) .005 .085 .010 .000 693  .008  .001
N 35 35 35 35 35 35 35 35
LDL Pearson correlation  .604°  -.458" 414 584" 1 -294 469 806
Sig. (2-tailed) .000 .006 013 .000 087  .005  .000
N 35 35 35 35 35 35 35 35
HDL Pearson correlation =271 .052 -.268 -.069 -.294 1 .014 232
Sig. (2-tailed) 115 765 120 693 .087 935 180
N 35 35 35 35 35 35 35 35
TG Pearson correlation 4707  -210  .216 4427 4697 014 1 647"
Sig. (2-tailed) .004 226 212 .008 .005 935 .000
N 35 35 35 35 35 35 35 35
TC Pearson correlation 539"  -468" 219 524" 806 232 647" 1
Sig. (2-tailed) .001 .005 207 .001 .000 180  .000
N 35 35 35 35 35 35 35 35

*P value significant at P < 0.05 for 95% confidence interval
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Table 4. Multiple linear regression analysis showing the predictive values of TPO antibodies
and hsCRP on LDL cholesterol levels in overt hypothyroid (OH) patients

Coefficients®

Model Unstandardised coefficients Standardised coefficients t Sig.
B Std. error Beta

1 (Constant) 116.005 7.590 15.283 .000

TPOAb 227 116 .281 1.957 .059

hsCRP 5.342 1.583 484 3.374 .002

a. Dependent Variable: LDLc
p value significant at P<0.05for 95% confidence interval

Table 5. Multiple linear regression analysis showing the predictive values of TPO antibodies
and hsCRP on LDL cholesterol levels in subclinical hypothyroid patients

Coefficients®

Model Unstandardised coefficients Standardised coefficients t Sig.
B Std. error Beta
1 (Constant) 104.379 6.634 15.735 .000
TPO Ab 113 .088 .200 1.290 .206
hsCRP 10.366 3.227 498 3.212 .003*

a. Dependent Variable: LDLc

*P value significant at P < 0.05for 95% confidence interval

Apart from being a result of direct inflammatory
effect, increase in hsCRP in the SCH group has
been found to be attributable to high TSH levels
itself that increases the peroxidation of existing
LDLc particles [28] along with increasing LDLc
levels in blood by increasing insulin resistance
and its adverse effects on fat depots [29].
Although, we did not assess these factors in the
present study, we can opine from these previous
observations that dependence of LDLc levels on
hsCRP observed in our present study is
multifactorial and hence is a strong indicator of
hypercholesterolemia and resultant
cardiovascular complications in both SCH and
OH hypothyroid patients.

5. CONCLUSION

Our combined results of bivariate correlation and
multiple linear regression analyses indicate that
in spite of graded elevation in TPO-Ab levels
along with an increase in TSH and LDLc values
in both SCH and OH groups, serum hsCRP
levels have better predictive value for LDLc
elevation in comparison to TPO-Ab when
considered together in both groups. These
findings reiterate the contributory roles of a low
grade inflammatory state on altered LDLc
metabolism that culminates in atherosclerosis in
early thyroid diseases. We also showed that
hsCRP is a better indicator of it compared to
TPO-Ab in even TPO-Ab positive hypothyroid
patients. We propose that as in overt
hypothyroidism, hsCRP measurement can

predict early atherosclerotic changes in
subclinical hypothyroidism significantly and help
in initiating restrictive measures to minimise its
further progression in overt hypothyroid condi-
tions.
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