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Raised TSH is associated with endothelial dysfunction in Metabolic Syndrome:
A case control study
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Introduction. Endothelial dysfunction has been considered as one of the important factors in
pathogenesis of Metabolic Syndrome (Met S). Subclinical hypothyroidism (SCH) has also been reported to
be associated with Met S. The aim of our study is to evaluate the association of raised TSH with
mediators of endothelial dysfunction in Met S with Subclinical hypothyroidism as compared to
healthy controls.

Methods. Study population consisted of 100 subjects, out of which 50 were cases of Met S and
50 were healthy controls. Met S group were further divided into two, based on the presence & absence of
SCH. Serum insulin, T3, T4, TSH were measured by chemiluminescence based immunoassay (CLIA).
Serum nitric oxide (NO) levels were measured by Modified Griess’s method and serum endothelin-1
(ET-1) levels were measured by ELISA.

Results. Out of 50 cases of Met S, SCH was diagnosed in 22. The mean serum TSH levels
were significantly higher in Met S cases as compared to healthy controls (5.7 £ 1.2 pIlU/mL vs. 2.3 +
1.6 pIU/mL, P <0.0001). Mean serum NO levels were significantly lower in Met S cases as compared
to healthy control (15.4 £ 10 uM vs. 21 £ 10 uM, p = 0.009). Mean serum ET-1 levels were
significantly higher in Met S cases as compared to healthy controls (2.68 = 1.7 fmol/mL vs. 2.1 £
0.84 fmol/mL, p = 0.011). On Pearson’s correlation analysis, TSH showed positive correlation with
ET-1 (r=0.341, p = 0.001) and negative correlation with NO (r = -0.331, p = 0.001). Binary logistic
regression analysis showed that TSH, NO and ET-1 has significant odd’s ratio for predicting Met S.

Conclusion. Met S cases were screened for thyroid abnormalities and found to have 44% of
SCH along with co-existing endothelial dysfunction. Raised TSH in SCH could cause endothelial
dysfunction which may lead to Met S and associated co-morbidities. Present study gives new insight
in linking endothelial dysfunction and raised TSH in Met S. Therefore, Met S cases should be
screened for SCH and treated appropriately to attenuate endothelial dysfunction and associated co-
morbidities in Met S.
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INTRODUCTION It has been seen that when Met S is properly treated

then endothelial dysfunction is reversed and it is an
independent risk factor for adverse cardiovascular
outcome [6]. It has been seen that thyroid dys-
function, in the form of sub clinical hypothyroidism

Metabolic Syndrome (Met S) consists of various
metabolic abnormalities such as central obesity,
impaired fasting glucose, dyslipidemia, and hyper-

tension. Met S increases the future risk of diabetes
by 3 times and cardiovascular disease by 5 times
which is considered as major health issue [1].

It has been seen that approximately 20-25%
of the world’s adult population is suffering from
Met S [2]. Around 34% of US population has Met S
[3]. In India, the overall prevalence of Met S is
around 33.5% and it is lower in males (24.9%) as
compared to females (42.3%) according to Prasad
DS et al. [4].

It has been reported that endothelial dysfunction
plays an important role in the pathogenesis of Met S
[5]. Endothelial dysfunction is defined as diminished
bioavailability of nitric oxide (NO) and/or an increase
in vasoconstrictive factors such as endothelin (ET-1).
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(SCH), increases the risk of coronary vascular disease
(CVD), possibly through endothelial dysfunction
and dyslipidemia [7].

Therefore the aim of our study was to
evaluate the role of SCH in causing endothelial
dysfunction in Met S. We hypothesized that raised
TSH in SCH is associated with endothelial dys-
function which may lead to Met S.

MATERIAL AND METHODS

The present study is a descriptive observational
case control study conducted in the Department of
Biochemistry and Medicine, Lady Hardinge Medical
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College, New Delhi from 2012-2015. The study
was approved by the ethical committee of LHMC,
New Delhi.

50 cases of Met S diagnosed as per IDF
guidelines and 50 age and sex matched healthy
controls were enrolled. IDF (International Diabetic
Federation) guidelines include central obesity
and any of the following 1) Raised triglycerides:
> 150 mg/dL. or specific treatment for this lipid
abnormality, 2) Reduced HDL cholesterol: <40 mg/dL
in males, < 50 mg/dL in females, or specific
treatment for this lipid abnormality, 3) Raised
blood pressure (BP): systolic BP > 130 or diastolic
BP >85 mm Hg, or treatment of previously diagnosed
hypertension, 4) Raised fasting plasma glucose
(FPG): >100 mg/dL (5.6 mmol/L), or previously
diagnosed type 2 diabetes.

Cases of Met S were further divided into two
groups based on thyroid function test. 1st group
consisted of Met S cases with SCH and the second
group consisted of Met S cases without SCH.

Inclusion criteria. Diagnosed case of Met S
as per IDF was included in the study.

Exclusion criteria. Subjects who were known
case of thyroid dysfunction or on medication with
thyroxine and antithyroid drugs or any drug which
can affect thyroid function, patients with acute and
chronic disorders such as autoimmune diseases,
cardiac diseases, connective tissue diseases, liver
and kidney diseases, and malignancy were excluded
from the study.

SAMPLING

5 mL venous blood was collected in plain
vial from the study subject under sterile condition
after an overnight fasting of 8-12 hrs. The whole
blood was allowed to clot for half an hour and then
centrifuged at 5000 rpm for 5 minutes. After separation
of serum, it was divided into two aliquots, one
aliquot was immediately sent to biochemical clinical
lab for routine investigations and hormone profiling.
All routine biochemical investigations were done
on fully automated analyzer from Beckman Coulter
Random access CX-4 and CX-9 series (California,
USA) by reagents provided by Sentinel diagnostics
(Milan, Italy), Centronic GmbH Reagents, In-vitro-
diagnostics (Germany), Randox Laboratories (United
Kingdom), Beckmann Coulter— Clinical Diagnostic
(California, USA), and Merck & Co (Germany).

Thyroid profile in the form of serum T;, Ty
and TSH was done on Access 2 Immunoassay
System, Beckmann Coulter— Clinical Diagnostic
(California, USA) by closed system reagents pack

provided by Beckmann Coulter — Clinical Diagnostic.
Normal reference value of T3 = 2.5-3.9 pg/mL, T,=
0.6-1.12 ng/dL and TSH = 0.34-5.6 plU/mL was
considered.

Second aliquot of serum samples were stored
at -20°C till subsequent analysis for special
investigation such as Nitric oxide and Endothelin.

SERUM NO MEASUREMENT BY MODIFIED
GRIESS REACTION

Since NO is a very unstable molecule, it is
difficult to measure as it is decomposed to form
nitrite (NO,") and nitrate (NOj3") in the presence of
oxygen. Nitrite, a stable end product, was estimated
as an index of NO using Modified Greiss reaction
which involves the formation of a chromophore
during the reaction of nitrite (NO,) with sulfa-
nilamide and heterocyclic amine of N-(1-naphthyl)
ethylenediamine (Griess reagent) at low pH to form
a magenta colored compound, which was measured
spectrophotometrically [8].

SERUM ENDOTHELIN (ET-1)
MEASUREMENT BY ELISA

Serum ET-1 was determined using the com-
mercially available, human ET-1 Enzyme Immuno
Assay kit by Biomedica Gruppe ELISA kit (Vienna,
Divischgasse, Austria).

STATISTICAL ANALYSIS

Statistical analysis was done by using SPSS
version 20.0 software (SPSS Inc., Chicago, IL, USA)
and GraphPad Prism version 5 (GraphPad Software,
Inc. CA, USA). Data of the study population were
expressed as mean £ SD. Categorical data was
analyzed by Chi-square test. Student’s “t” test was
used to measure mean of study variables between
the Met S group and the control group. ANOVA
analysis was used to analyse the mean in more than
two groups. Pearson correlation was used to determine
if any significant relationship is present among the
study variables. Binary logistic regression analysis
was used to assess the predictability of study
variables for Met S. The p value of < 0.05 was
considered statistically significant.

RESULTS

Study population consisted of 100 subjects
and it was divided into 50 cases of Met S and
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50 healthy controls. 22 Met S cases were found to
have subclinical hypothyroidism (SCH) and 3 cases
of Met S had overt hypothyroidism. In healthy
control group only 4 healthy individuals had SCH
and the difference between two groups was found
to be statistically significant as shown in Table 1.

Table 1
The distribution of thyroid dysfunction in Met S cases
and Healthy Control

Met S
cases
Sub clinical Hypothyroidism 22 4
Hypothyroidism 3 0
*p value < 0.05 is considered statistically significant.

Control | p value

<0.05*

DEMOGRAPHIC, ANTHROPOMETRIC AND
BIOCHEMICAL PROFILE OF STUDY POPULATION

Our study was age and sex matched. As
shown in Table 1, our Met S group had obesity and
associated features such as deranged Glucose and
Lipid Profile compared to healthy control.
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THYROID FUNCTION STATUS IN STUDY POPULATION

As shown in Table 2 and Figure 1, mean T;
and T4 levels were not statistically different in two
groups, while mean TSH levels were significantly
higher in Met S cases than in controls (5.7 +

1.2 pIU/mL vs. 2.3 £ 1.6 plU/mL, P <.0001).

Table 2
Demographic, anthropometric and biochemical profile
of study population
Cases Control
Parameters (n=50) (n=50) |p value
(mean £ SD) | (mean £ SD)

BMI (Kg/m®) 28 +5.4 25+44 |0.002*
Waist Hip Ratio 0.96+0.09 | 093+0.04 | 0.025*
Systolic BP 132+12 122 +£9 0.000*
Diastolic BP 86+ 8 81£5 0.001*
Total Cholesterol (mg/dL) | 240.7 £91.5 | 246.5+87 | 0.781
Triglyceride (mg/dL) 182.7+112 | 141.5+64.8 | 0.026*
HDL (mg/dL) 38.8+10 492+11 0.00%*
LDL (mg/dL) 36.5+£224 283+13 | 0.026*
VLDL 38.6+ 10 49.1+11.2 | 0.023*
FPG (mg/dL) 181.3£709 | 963+7.5 | 0.000*
PPBG (mg/dL) 2324+£94 | 140.74 £ 142 | 0.000*
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Figure 1. Serum TSH in study population.

MEDIATORS OF ENDOTHELIAL DYSFUNCTION
IN STUDY POPULATION

As shown in Table 4, Figures 2 and 3, the
mean serum NO levels were significantly lower in
cases of Met S as compared to healthy controls
(15410 uM vs 21 £10 uM, p = 0.009) and mean
serum endothelin-1 levels were significantly higher
in Met S cases as compared to healthy controls
(2.68 £ 1.7 fmol/L vs 2.1 £ 0.8 fmol/L, p = 0.011).

This shows that endothelial dysfunction plays an
important role in the pathogenesis of Met S.

Table 3
Thyroid profile of study population
Cases Controls
Parameters (n=50) (n=50) p value
(mean £ SD) | (mean £ SD)

T; (pg/mL) 36+09 38+13 0.375
T, (ng/dL) 0.92+£0.21 0.92+0.37 0.984
TSH (WUI/mL) 57+12 23+1.6 0.000*

*p value < 0.05 is considered statistically significant.
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Table 4 . . cases with thyroid dysfunction (Sub Clinical Hypo-

Mean level of markers of endothelial dysfunction thyroidism and Overt Hypothyroidism) as compared
in stud lati . . .

1 Stucy popuiation to Met S cases without thyroid dysfunction. Even

Cases Controls mean serum ET-1 levels were higher in Met S

Parameters (0=50) (0=50) | pvalue cases with thyroid dysfunction (Sub Clinical

(mean £ SD) | (mean £ SD)
Nitric Oxide (UM) 15.4+10 21+10 0.009*
Endothelin-1 (fmol/mL) | 2.68 +1.7 2.1+0.84 | 0.011*

*p value < 0.05 is considered statistically significant.

Hypothyroidism and Overt Hypothyroidism) as
compared to Met S cases without thyroid
dysfunction as shown in Table 5, Figures 4 and 5,
but the difference was not found to be statistically

Moreover, on ANOVA analysis, the mean significant, this may be attributed to small sample
serum NO levels were found to be lower in Met S size.
Mean serum NO levels Serum NO levels
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Figure 2. Serum NO in study population.
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Figure 3. Serum ET-1 in study population.

Table 5
Mean serum NO and Endothelin-1 levels in thyroid abnormalities of Metabolic Syndrome cases
Thyroid Abnormalities Serum NO levels Serum Endothelin-1 levels
in Met S cases (Mean £ SD) (Mean = SD)
Euthyroid 16.5+11 uM 2.6 + 1 fmol/mL
Sub Clinical Hypothyroidism (SCH) 144+£9uM 3.1 + 1.8 fmol/mL
Overt Hypothyroidism 13.7+ 6 uyM 4.3 + 3.3 fmol/mL
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Figure 4. Serum NO levels in Euthyroid, Sub clinical hypothyroidism
and Overt hypothyroidism individuals with Metabolic Syndrome.
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Figure 5. Serum ET-1 levels in Euthyroid, Sub clinical hypothyroidism
and Overt hypothyroidism individuals with Metabolic Syndrome.

CORRELATION ANALYSIS OF TSH, NO AND ET-1

On Pearson’s correlation, serum TSH showed
positive correlation with BMI, systolic and diastolic
BP, Fasting Blood Glucose, Post Prandial Blood
Glucose, serum Triglycerides and ET-1 and negative

and 7.
Table 6

Correlation of TSH with study variables

Parameters TSH NO Endothelin-1
r value p value r value | pvalue | rvalue | p value
BMI 0.240 0.016* -0.180 0.073 -0.013 0.897
Systolic BP 0.252 0.011* -0.162 0.107 0.042 0.677
Diastolic BP 0.231 0.020* -0.020 0.841 -0.006 0.951
FBG 0.433 0.000* -0.182 0.071 0.231 0.020*
PPBS 0.190 0.058 -0.031 0.759 0.169 0.093
Triglyceride (TG) 0.219 0.280 -0.130 0.901 0.189 0.060
HDL Cholesterol -0.39 0.000* 0.092 0.361 -0.121 0.230
Endothelin-1 0.341 0.001* -0.06 0.955 1 -
TSH 1 - -0.331 0.001* 0.34 0.001*
NO -0.331 0.001* 1 - -0.06 0.955

*p value < 0.05 is considered statistically significant.

correlation with HDL cholesterol and NO although
BMI, systolic and diastolic BP, Fasting Blood Glucose,
HDL cholesterol and NO showed a statistically
significant correlation as shown in Table 6, Figures 6
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Figure 6. Pearson’s correlation analysis of TSH with NO and ET-1.
Subclinical Hypothyroidism in Metabolic Syndrome
Increase in serum TSH
Altered adipocytes homeostasis
Insulin Resistance Dyslipidemia

Oxidative stress
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Causes Insulin Resistance

Increase Risk of type 2 Diabetes Mellitus & Cardiovascular disease

Figure 7. Probable link between the raised TSH in SCH and endothelial dysfunction
in Metabolic Syndrome according to our study.
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BINARY LOGISTIC REGRESSION ANALYSIS

Binary logistic regression analysis was done
to predict the development of Met S by using
serum NO, ET-1 and TSH as a predictor. The
logistic regression model was statistically significant,
(2)= 106, p < 0.001. The model explained 79.5%
of the variance in Met S. Nagelkerke’s R? of 0.795
indicating a moderately strong relationship between
prediction and grouping. We found that NO (p <
0.001, Odd ratio = 0.951, 95% CI = 2.6-12.7), ET-1
(p <0.001, Odd ratio = 2.3, 95% CI = 1.008-5.104)
and TSH (p < 0.001, Odd ratio = 5.8, 95% CI =
2.6-12.7) had significant predictability for Met S.
Odd’s ratio value indicates that when serum NO is
raised by one unit the odds ratio is 0.951 times as
small and therefore individuals are 0.951 times less
likely to develop Met S, likewise when serum ET-1
is raised by one unit the odds ratio is 2.3 times as
large and therefore individuals are 2.3 times more
likely to develop Met S and when serum TSH is
raised by one unit the odds ratio is 5.8 times as
large and therefore individuals are 5.8 times more
likely to develop Met S.

DISCUSSION

Met S cases were found to have endothelial
dysfunction as evidenced by decrease in mean
levels of serum NO and increase in mean levels of
serum Endothelin-1. The cases of Met S also had
hidden SCH as compared to healthy controls. Mean
serum NO levels were found to be lower in Met S
cases having SCH as compared to Met S cases
without SCH. Likewise mean serum Endothelin-1
levels were higher in Met S cases with SCH as
compared to Met S cases without SCH. Rise in
TSH levels in Met S with SCH may be involved in
the pathogenesis of endothelial dysfunction in Met S.

Subclinical hypothyroidism is a disorder
characterized by elevated serum TSH levels despite
normal T; & T, thyroid hormones without any
clinical signs and symptoms of thyroid abnormality.
The association between SCH and Met S has been
one of the most sought after topics nowadays in the
field of endocrinology research [9].

It has been seen that SCH is associated with
obesity related co-morbidities such as Met S, type 2
diabetes mellitus, cardiovascular disease, etc. It is
unclear whether this association is due to endo-
thelial dysfunction or change in lipid profiles [10].

Endothelium is not just an inert physical barrier,
but a vital organ which helps in maintaining the

vascular function by releasing vasodilatory mediators,
such as NO, and vasoconstrictive mediators, such
as ET-1. Endothelial dysfunction develops when
there is reduced bioavailability of NO and increase
in vasoconstrictive mediators such as ET-1. Endo-
thelial dysfunction is considered as an early biomarker
of Met S, type 2 diabetes mellitus, cardiovascular
disease [11].

The predisposition of Met S patients with SCH
towards endothelial dysfunction may be attributed
due to the changes in lipid profile, low grade
chronic inflammation, insulin resistance, oxidative
stress and other unidentified factors. The raised
TSH hormone in SCH may have extra thyroidal
action as TSH receptors are found to be also present
on endothelial cells and liver cells [12].

The study done by Mehran ef al. showed that
some cases of Met S have thyroid abnormalities
and mean TSH levels were higher in cases of Met S
with sub clinical hypothyroidism as compared to
Met S cases without sub clinical hypothyroidism
[13]. This finding is very similar to our findings
with larger sample size and more statistically sig-
nificant results, however their study is cross-sectional
and no assessment of endothelial dysfunction has
been done. Also, the cause of Met S in context with
the presence of SCH is not being discussed. The
present study is case control and assessment of
various markers of endothelial dysfunction has
been done in the study population.

Tian et al. explained the association of endo-
thelial dysfunction and increased TSH level by
putting forward the theories that TSH promotes
endothelial dysfunction by attenuation of eNOS
and prostacyclin expression [14]. Nevertheless, the
intimate molecular mechanism of the interaction
between TSH and vascular system is yet to be fully
elucidated.

A study done by Turemen EE et al. also states
that SCH is associated with endothelial dysfunction
and TSH is positively correlated with endothelial
dysfunction which explain that TSH plays some
role in the pathogenesis of endothelial dysfunction.
But they mentioned that its etiology is autoimmune
in nature as they studied it on autoimmune thyro-
iditis patients [15].

Dardano A et al. studied the direct effect of
TSH in vitro on endothelial dysfunction. They
administered the recombinant human TSH directly
on the endothelium and observed endothelial dys-
function. In this study, they considered inflammation
and oxidative stress as the culprit for the develop-
ment of endothelial dysfunction [16]
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DYSLIPIDEMIA

Dyslipidemia is also considered one of the
culprits for developing endothelial dysfunction in
Met S patients. It has been reported that NO
synthesis pathways may be disturbed by hyperlipi-
demia by increased levels of asymmetric dimethyl-
arginine (ADMA) in endothelial cells, which is
considered as endogenous NO synthesis inhibitor
[17]. High density lipoprotein (HDL) cholesterol
has a beneficial role on the endothelium and helps in
alleviating endothelial dysfunction by stimulating
NO release and causing vasodilatations by pathways
such as Akt-mediated eNOS phosphorylation and
intracellular Ca*" mobilization [18].

INSULIN RESISTANCE

Insulin resistance is also involved in the
pathogenesis of endothelial dysfunction. In the
normal physiological state, insulin stimulates the
endothelial cells to produce NO and ET-1 through
eNOS by PI3-K and MAPK pathway respectively.
The critical balance between NO and ET-1 is
responsible for maintaining normal endothelial
function. In pathological state of insulin resistance,
NO production by PI3-K pathway gets impaired
but continuously stimulates ET-1 production due to
stimulatory effect of hyperinsulinemia by MAPK
pathway, which ultimately leads to endothelial dys-
function [11].

Hence, alteration of lipid profile, inflammatory
status, insulin resistance in Met S patients with
SCH may be due to various detrimental effect of
raised TSH contributing to endothelial dysfunction.
An early thyroxin replacement therapy may
attenuate the endothelial dysfunction in such cases.
However, all these factors interacted with each
other, with none playing the decisive role alone in
the pathogenesis of endothelial dysfunction in Met
S. The proposed mechanism in our study is shown
in Figure 7.

In our study, TSH is positively correlated
with various markers of endothelial dysfunction,
and, therefore, could be promising to understand
the mechanisms underlying the correlation between
SCH and endothelial dysfunction. All these studied
factors indicate that thyroid hormone replacement

therapy may be beneficial to endothelial dysfunction.
However, thyroxin replacement therapy would also
increase the risk of osteopenia and atrial fibrillation,
and there remain controversial opinions on sub-
stitution treatment, particularly for the elderly.

Strength of our study was 1) well stan-
dardized method to determine the study variables,
characterized and diverse study populations, 2) data
appropriately collected from study populations,
3) age and sex matched study populations.

LIMITATIONS

Our study was a hospital based cross sectional
study so that we cannot predict cause and effect
relationship. Our study had a small sample size.

SUGGESTIONS

We should go for large sample size and it
should be a follow-up study with thyroid hormone
replacement in Met S patients with SCH and analyse
its effect on mediators of endothelial dysfunction.

CONCLUSION

Met S cases were found to have endothelial
dysfunction and underlying SCH. SCH in Met S
may cause altered endothelium physiology which
was found to be associated with a decrease in
serum NO and an increase in serum ET-1 levels,
leading to endothelial dysfunction and associated
co-morbidities. The present study gives new insight
in linking endothelial dysfunction and raised TSH
levels in Met S. Therefore, Met S cases should be
screened for SCH and treated appropriately to
attenuate endothelial dysfunction and associated
co-morbidities in Met S.
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Introducere. Disfunctia endoteliala este considerata ca fiind unul din factorii
importanti in patogeneza sindromului metabolic (Met S). Hipotiroidismul sublcinic
(SCH) se asociaza cu Met S. Obiectivul studiului a fost de a evalua asocierea
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nivelurilor crescute de TSH cu mediatori ai disfunctiei endoteliale la pacientii cu
Met S si SCH comparativ cu martorii sandtosi.

Material si metodd. Au fost selectionati 100 de pacienti: 50 aveau Met S si
50 erau martori sandtosi. In cadrul grupului cu Met S erau pacienti care aveau
SCH. Au fost analizate nivelurile serice ale insulinei, T3, T4, TSH prin chemi-
luminiscenta. Nivelurile NO serice au fost analizate folosind metoda Griess
modificata iar nivelurile endotelinei 1 (ET-1) au fost analizate cu ELISA.

Rezultate. Din cei 50 de pacienti cu Met S, 22 aveau SCH. Nivelurile medii
serice ale TSH au fost semnificativ mai mari la pacientii cu Met S comparativ cu
martorii sandtosi (5.7 £ 1.2 plU/mL vs. 2.3 = 1.6 wWlU/mL, P < 0.0001). Nivelurile
serice ale NO au fost semnificativ statistic mai mici la pacientii cu Met S
comparativ cu martorii sandtogi (15.4 £ 10 uM vs. 21 = 10 uM, p = 0.009).
Nivelurile serice ale ET-1 au fost semnificativ statistic mai mari la pacientii cu Met
S comparativ cu martorii sandtosi (2.68 £ 1.7 fmol/ml vs. 2.1 + 0.84 fmol/mL, p =
0.011). Nivelurile TSH au fost corelate pozitiv cu nivelurile serice ET-1 (r = 0.341,
p = 0.001) si negativ cu nivelurile NO serice (r = -0.331, p = 0001). Analiza de
regresie a demonstrat cd nivelurile TSH, NO si ET-1 prezic independent Met S.

Concluzii. Pacientii cu Met S au SCH (prevalenta in lotul studiat fiind de
44%) precum si disfunctie endoteliala. Nivelurile crescute ale TSH-ului la pacientii
cu SCH ar putea determina o disfunctie endotelialda ceea ce poate duce la aparitia
Met S. Asadar pacientii cu Met S ar trebui cautati pentru SCH i tratati pentru
aceastd afectiune pentru a preveni dezvoltatrea disfunctiei endoteliale si a
comorbiditatilor asociate Met S.
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