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Abstract

Considering the high prevalence of congenital hypothyroid-
ism (CH) in Isfahan, the possible involvement of endothelial
dysfunction in the pathogenesis of CH and the lack of studies
in this field, the aim of this study was to determine the endo-
thelial function in CH patients. Methods: During this case-
control study, the endothelial function in CH neonates and
in those with normal screening results was evaluated during
a CH screening program in Isfahan. Peripheral blood sam-
ples were obtained for measurement of the von Willebrand
factor (vWf), and intercellular and vascular cell adhesion mol-
ecule (ICAM and VCAM). In CH patients these biomarkers
were measured twice: before and 4 weeks after treatment.
Results: In this study, 56 neonates were evaluated: 30 of
them were neonates with normal screening results and 26
were diagnosed with CH and classified into two groups ac-
cording to their TSH levels. The mean ICAM and VCAM were

higherin CH patients than in the control group (p<0.05). The
mean ICAM and VCAM decreased significantly after treat-
ment in CH patients (p < 0.05). There is no significant rela-
tionship between TSH, ICAM, VCAM and vWf (p > 0.05).
Conclusion: The findings of this study demonstrate the
possible involvement of the endothelial system in the patho-
genesis of CH and its cardiovascular complications. Further
studies with a larger sample size and with the measurement
of other endothelial function markers are needed.

Copyright © 2011 S. Karger AG, Basel

Introduction

Congenital hypothyroidism (CH) is the most common
endocrine disorder with an incidence of 1/3,000-4,000
live births worldwide [1]. It is characterized by an insuf-
ficient production of thyroid hormone due to thyroid
dysgenesis or dyshormonogenesis [2]. Although the im-
plementation of screening of newborns for CH during the
past decades has resulted in a significant improvement in
eliminating its related long-term sequels such as mental
retardation and many other neurodevelopmental anom-
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alies, many studies have demonstrated that persistent se-
lective impairments such as cardiovascular abnormali-
ties may still occur in these children [3].

Recent studies have demonstrated that CH patients
display cardiovascular abnormalities such as impairment
of left and right ventricular systolic and diastolic func-
tion, reduction of exercise capacity and cardiopulmonary
performance and increase in carotid intima-media thick-
ness despite an appropriate replacement therapy [4-6].

It has been shown that regardless of its indirect anti-
atherosclerotic effect by modifying atherosclerosis risk
factors such as hyperlipidemia, the thyroid hormone has
direct vascular effects through production of some vaso-
dilator and vasculoprotective molecules [7]. Therefore,
these associations provide an additional link between hy-
pothyroidism, vascular disease and endothelial dysfunc-
tion. However, the precise mechanisms responsible for
these findings are not completely understood but a role
of the thyroid hormone through its direct effect on the
vascular and endothelial function has been proposed
[8, 9]. The association between the mentioned cardiovas-
cular abnormalities, especially increased intima-media
thickness, supports the assumption of endothelial in-
volvement in thyroid disorders [10]. Endothelial involve-
ment in disease can vary from activation and dysfunction
to damage and injury [11]. Several methods can be used
to measure endothelial function. Flow-mediated dilation
measured by ultrasound reflects the endothelial produc-
tion of NO, but is difficult to standardize and use in clin-
ical practice. Several biological markers reflect endothe-
lial activation or injury such as von Willebrand factor
(VWTF), and the soluble form of intercellular and vascular
cell adhesion molecules (ICAM and VCAM) [12].

vWF is an endothelial-specific ligand for platelet gly-
coproteins which plays a pivotal role in mediating platelet
adhesion to damaged arterial walls [12-15]. When endo-
thelial cells (ECs) are injured, vVWF is released from en-
dothelial Weibel-Palade bodies [14]. vWTF has been con-
sidered a gold standard in the measurement of endothe-
lial damage and is increased in several disease states
associated with endothelial dysfunction [14]. The plasma
level of VWF is predictive of cardiovascular events in
healthy subjects [14-16].

ICAM and VCAM are endothelial ligands for integ-
rins expressed on leukocytes and platelets which facilitate
endothelial adhesion of circulating leukocytes. The ex-
pression of ICAM-1 and VCAM-1 is increased in re-
sponse to inflammatory states and predicts vascular
events in healthy individuals [16].
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Considering the high prevalence of CH in Isfahan [17]
and the importance of proper management of CH pa-
tients in order to prevent its related short- and long-term
consequences such as cardiovascular disease and athero-
sclerosis, the possible involvement of endothelium in the
pathogenesis of CH and the lack of studies in this field,
the aim of our study was to assess endothelial function
in CH patients by measuring ICAM, VCAM and vWE.
Moreover, this is the first study in the field to investigate
the effect of levothyroxine treatment on endothelial func-
tion. However, previous studies indicated that measuring
these markers is not invasive and their expression is
greater in children than in adults [18].

Patients and Methods

In this case-control study, endothelial function in CH neo-
nates and those with normal screening results was evaluated dur-
inga CH screening program in Isfahan, Iran, from February 2008
to May 2010.

According to the guidelines of the CH screening program, 3-
to 7-day-old neonates with TSH >10 mIU/] using filter paper were
recalled and reexamined and those with abnormal T, and TSH
level on their second measurement (TSH >10 mIU/l and T, <6.5
wg/dl) were diagnosed as CH patients and received treatment and
regular follow-up. Levothyroxine was prescribed for hypothyroid
neonates at a dose of 10-15 jg/kg/day as soon as the diagnosis was
confirmed, with the monitoring of TSH and T, every 1-2 months
during the first year of life and every 1-3 months during the sec-
ond and third years. Patients made frequent visits to ensure ap-
propriate T, and TSH concentration [19].

The population studied consisted of CH patients and a group
of neonates with normal screening results representing the nor-
mal control group.

The population studied was selected by convenience method
from CH patients referred to the Isfahan Endocrine and Metabo-
lism Research Center for treatment and follow-up and also from
neonates with normal screening results. CH patients included
those with serum TSH levels (second measurement after recall) of
10-50 mIU/I (group 1) and >50 mIU/I (group 2). CH patients with
ahistory of septicemia, immaturity and confirmed metabolic dis-
order were excluded from the study.

Written consent was obtained from the parents of the CH
patients. The protocol was approved by the Institutional Review
Board and Medical Ethics Committee of the Isfahan University
of Medical Sciences.

Baseline characteristics of the participants were obtained from
their screening questionnaire. Complementary information about
CH patients was obtained from their registered profiles in the En-
docrinology and Metabolism Research Center. Peripheral blood
samples were obtained from the population in which vWf, ICAM
and VCAM were measured. In CH patients these biomarkers were
measured twice: before treatment and 4 weeks after treatment.

For the measurement of vVWf, ICAM and VCAM, 1 ml of plas-
ma was obtained by centrifuging the blood sample and it was
stored at =70°C until assayed.
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Table 1. Baseline characteristics of the CH patients and neonates
with normal screening results (control group)

CH patients Control group p

(n=26) (n=30) value
Age, days 16.2+6.5 12653 NS
Female/male 14/13 15/15 NS
Weight, g 3,139.2+527.1 3,388.2*+371.1 NS
Length, cm 50.1+1.6 509+22 NS
Head circumference, cm 35714 34714 NS
Screening TSH, mIU/1 66.3+7.6 541%2.64 0.00
Ty, pg/dl 3.9+0.97 8.7%x22 0.00
vWI1, % 51.2%+6.9 425142 NS
ICAM, nmol/l 39.5+4.0 233+x46  0.01
VCAM, nmol/l 56.6 4.7 39.2%57 0.02

NS = Nonsignificant.

Laboratory Measurement

Plasma vWF was measured by sandwich enzyme-linked im-
munosorbent assay (ELISA), using kits from Diagnostica Stago
(Asniéres, France) and plasma levels of ICAM and VCAM were
measured with the ELISA method, using kits from Bender Med-
Systems GmbH) (Vienna, Austria). Serum T, and TSH concentra-
tions were measured by radioimmunoassay and immunoradio-
metric assay, respectively, using kits from Kavoshyar (Tehran,
Iran). Thyroid function tests were performed by Berthold LB 2111
unit gamma counter equipment.

Statistical Analysis

Data were analyzed using the SPSS statistical software ver. 13
(SPSS Inc., Chicago, I1l., USA). Descriptive data are expressed as
mean * standard deviation. Quantitative data of the 2 groups
and before and after treatment in the group of CH patients were
compared using the Student t test or paired t test. p < 0.05 was
considered statistically significant.

Results

Fifty-six neonates were studied: 30 of them as neonates
with normal screening results and 26 with diagnosed CH
in 2 different groups according to their TSH levels. Base-
line characteristics of the studied neonates in case and
control groups are represented in table 1.

Mean * standard deviation of studied endothelial
markers in the two studied CH groups (group 1: TSH
10-50 mIU/I and group 2: TSH >50 mIU/l) before and
after treatment is presented in table 2.

The mean of the studied endothelial markers among
all studied CH patients before and after treatment was

vWF, Soluble ICAM and VCAM in
Patients with CH

Table 2. Endothelial markers studied (mean %+ SD) in the two CH
groups (group 1: TSH 10-50 mIU/I, n = 10 and group 2: TSH >50
mlIU/l, n = 16) before and after treatment

Before After p value
treatment treatment
vWT1, %
Group 1 50.9+12.2 58.1+23.3 NS
Group 2 51.5+8.3 31.8%6.2 NS
ICAM, nmol/l
Group 1 33.8%13.6 26.5%7.1 NS
Group 2 39.3%6.7 283%26 0.02
VCAM, nmol/l
Group 1 58.7+14.0 259%7.1 0.00
Group 2 529+7.1 342%39 0.005

NS = Nonsignificant.

significantly different for ICAM (p = 0.01) and VCAM
(p = 0.000) and it tended to be significant for vVWF (p =
0.07). There was no significant association between TSH
or T, and the markers (p > 0.05).

Discussion

To our knowledge, this is the first study which evalu-
ated the endothelial activation in CH patients and the ef-
fect short-term levothyroxine treatment had on it. The
results of our study indicate that adhesion molecules and
vWEF were significantly higher in CH patients than in
normal controls and short-term levothyroxine treatment
decreases these biomarkers in CH patients.

Endothelium is considered to be the key regulator of
vascular tone and structure which balance the release of
contracting and endothelial-derived relaxing factors in
blood vessels [20]. It is involved in the pathogenesis of
many diseases and can be considered as an important
objective biological factor that has become the focus of
recent research in order to assess new prevention and
health promotion strategies [21].

When ECs are stressed, a change in the resting, con-
stitutive phenotype of the endothelium to an ‘activated’
phenotype is induced, a change which is reversible. EC
activation is characterized by an increased or de novo ex-
pression of leukocyte adhesion molecules, a change in
phenotype from antithrombotic to prothrombotic, cyto-
kine and growth factor production, and upregulation of
HLA molecules [22, 23]. Retraction of stressed ECs re-
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sults in exposing the subendothelial tissue and exocytosis
of the Weibel-Palade body with subsequent surface ex-
pression of P-selectin and release of vWF into the plasma.
Upregulation of leukocyte adhesion molecules such as se-
lectins, ICAM-1 and VCAM-1 allows leukocytes to ad-
here to the endothelium and then move into the vascular
tissues leading to neointima and fatty streak formation,
which represent early stages of atherosclerosis [24, 25].
These events are reversible disorders, and therefore ther-
apeutic intervention before development of irreversible
vascular injury is extremely important [26, 27].

On the other hand, considering the high prevalence
of CH in our region [17] and the necessity of planning a
more appropriate and multidisciplinary screening pro-
gram, identifying the relation between endothelial func-
tion and CH made us consider new aspects in screening
and treating the disorder.

Current evidence supports the direct effects of thyroid
hormones on the vascular and consequently on the endo-
thelial function. It has an important role in the regulation
of cardiovascular function [7].

There are several reports on endothelial dysfunction
in hypothyroidism in the adult population [28, 29], but
less information is available on CH patients [30] and there
is no study in this field of CH patients during the neona-
tal period. In a recent study Oliviero et al. [30] investi-
gated the effects of long-term levothyroxine replacement
therapy on the endothelial function in young adults with
CH and concluded that young CH patients treated with
long-term levothyroxine therapy present endothelial dys-
function which was demonstrated by lower flow-mediat-
ed dilation and decreased vascular distensibility. Accord-
ing to their findings serum TSH level fluctuations during
treatment and follow-up could decrease the vascular dis-
tensibility and activity. Although the method we used to
evaluate the endothelial function was not similar to that
of the study of Oliviero et al. and we evaluated the short-
term effect of levothyroxine treatment on endothelial
function, the findings of our study were similar to those
of their study.

The plasma level of VWF was not different in hypothy-
roid and control groups [28]. Similarly, in this study the
serum VWF concentration was not different among CH
patients and the control group, it was not different in CH
patients with different TSH levels and it was not signifi-
cantly changed after treatment in CH patients. There was
a trend toward a decreased serum level of vWf in CH pa-
tients after treatment (p = 0.07). However more studies
with a larger sample size are needed for more accurate
judgment.
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The adhesion molecules ICAM and VCAM are con-
sidered as important biochemical markers for the low-
grade vascular inflammation and endothelial dysfunc-
tion and recent studies have suggested that a detection of
these markers early in life may be predictive for the de-
velopment of endothelial dysfunction-related disorders,
such as atherosclerosis [31]. In this study, the serum level
of ICAM and VCAM in CH patients was significantly
higher than in the control group; however, the mean of
the markers decreased significantly after treatment to ap-
proximately the level in the control group. Serum levels
of ICAM and VCAM were not significantly different in
the two studied CH groups with different TSH levels.

In this study, there was no significant difference in se-
rum levels of all studied endothelial markers among CH
patients with different TSH levels and there was no sig-
nificant relationship between serum TSH and the endo-
thelial biomarkers. This may be due to the small sample
size of studied patients in the two groups, the short dura-
tion of the study or it can in part be explained by the use
of the methods for evaluating endothelial function.

Although many studies show that there is a relationship
between endothelial function and TSH and that a higher
level of TSH could predict the presence of endothelial dys-
function, there are studies which did not report a similar
correlation [23, 32]. Gottardi et al. [32] studied the rela-
tionship between TSH and endothelial function in chil-
dren. According to their findings, endothelial function
does not seem to be correlated with TSH. As other studies
indicated, these findings suggest that mechanisms other
than hypothyroidism, such as low-grade inflammation
and autoimmune factors, could play a role in the endothe-
lial function in CH patients. Hypothyroidism is consid-
ered to be the manifestation of a worsening condition;
therefore, prominent endothelial dysfunction assessed by
different methods may be observed after levothyroxine
treatment and during long-term follow-up [33, 34].

The findings of this study demonstrated the possible
involvement of the endothelial system in the pathogene-
sis of CH and its cardiovascular complications. It seems
that further studies with a larger sample size during the
follow-up period and with the measurement of other en-
dothelial function markers are needed.

Acknowledgements

This work was supported by the Vice Chancellery for Re-
search, Isfahan University of Medical Sciences. We would like to
thank all the staff working on the project, the children and their
parents.

Hashemipour et al.



—_

10

11

12

References

Biyiikgebiz A: Congenital hypothyroidism
clinical aspects and late consequences. Pedi-
atr Endocrinol Rev 2003;1(suppl 2):185-190.
Rastogi MV, LaFranchi SH: Congenital
hypothyroidism. Orphanet ] Rare Dis 2010;
5:17.

Mao S, Wang Y, Jiang G, Zhao Z: Effects of
levothyroxine therapy on left and right ven-
tricular function in neonates with congeni-
tal hypothyroidism: a tissue Doppler echo-
cardiography study. Eur J Pediatr 2007;166:
1261-1265.

Salerno M, Oliviero U, Lettiero T, Guarda-
sole V, Mattiacci DM, Saldamarco L, Capal-
bo D, Lucariello A, Sacca L, Cittadini A:
Long-term cardiovascular effects of levothy-
roxine therapy in young adults with con-
genital hypothyroidism. J Clin Endocrinol
Metab 2008;93:2486-2491.

Mao SS, Ye JJ, Jiang GP, Zhao ZY: Evaluation
of right ventricular function by quantitative
tissue velocity imaging and tissue tracking
imaging in neonates with congenital hypo-
thyroidism. Zhonghua Er Ke Za Zhi 2007;45:
599-603.

Mao SS, Zhao ZY, Jiang GP: Left ventricular
function in congenital hypothyroidism neo-
nates before and after thyroxine substitution
therapy. Zhonghua Yi Xue Za Zhi 2005;85:
538-541.

Ichiki T: Thyroid hormone and atherosclero-
sis. Vascul Pharmacol 2010;52:151-156.
Klein I, Ojamaa K: Thyroid hormone and the
cardiovascular system. N Engl ] Med 2001;
344:501-519.

Napoli R, Guardasole V, Zarra E, D’Anna C,
De Sena A, Lupoli GA, Oliviero U, Mataraz-
zo M, Lupoli G, Sacca L: Impaired endothe-
lial- and nonendothelial-mediated vasodila-
tion in patients with acute or chronic hypo-
thyroidism. Clin Endocrinol (Oxf) 2010;72:
107-111.

McGill HC Jr, McMahan CA, Herderick EE,
Tracy RE, Malcom GT, Zieske AW, Strong JP:
Effects of coronary heart disease risk factors
on atherosclerosis of selected regions of
aorta and right coronary artery. PDAY Re-
search Group. Pathobiological Determinants
of Atherosclerosis in Youth. Arterioscler
Thromb Vasc Biol 2000;20:836-845.

Blann AD: Endothelial cell activation, inju-
ry, damage and dysfunction: separate enti-
ties or mutual terms? Blood Coagul Fibrino-
lysis 2000;11:623-630.

Haghjooy Javanmard S, Nematbakhsh M:
Endothelial function and dysfunction: clini-
cal significance and assessment. ] Res Med
Sci2008;13:207-221.

vWF, Soluble ICAM and VCAM in
Patients with CH

13

14

15

16

17

18

19

20

21

22

23

24

Haghjooy Javanmard S, Nematbakhsh M,
Monajemi A, Soleimani M: Von Willebrand
factor, C-reactive protein, nitric oxide, and
vascular endothelial growth factor in a di-
etary reversal model of hypercholesterol-
emic rabbit. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub 2008;152:
91-95.

Blann AD, Taberner DA: A reliable marker of
endothelial cell dysfunction: does it exist? Br
] Haematol 1995;90:244-248.

Nadar S, Blann AD, Lip GY: Endothelial
dysfunction: methods of assessment and ap-
plication to hypertension. Curr Pharm Des
2004;10:3591-3605.

Constans J, Conri C: Circulating markers of
endothelial function in cardiovascular dis-
ease. Clin Chim Acta 2006;368:33-47.
Hashemipour M, Amini M, Iranpour R, Sa-
dri GH, Javaheri N, Haghighi S, Hovsepian
S, Javadi AA, Nematbakhsh M, Sattari G:
Prevalence of congenital hypothyroidism in
Isfahan, Iran: results of a survey on 20,000
neonates. Horm Res 2004;62:79-83.
Glowinska B, Urban M, Peczynska J,
Szczepanska-Kostro J: Selected adhesion
molecules: SSCAM-1 and sVCAM-1 as mark-
ers of endothelial dysfunction in diabetic
children and adolescence. Pol Merkur Lek-
arski 2003;14:205-209.

American Academy of Pediatrics, Rose SR,
Section on Endocrinology and Commit-
teeon Genetics, American Thyroid Associa-
tion, Brown RS, Public Health Committee,
Lawson Wilkins Pediatric Endocrine Soci-
ety, Foley T, Kaplowitz PB, Kaye CI, Sunda-
rarajan S, Varma SK: Update of newborn
screening and therapy for congenital hypo-
thyroidism. Pediatrics 2006;117:2290-2303.
Behrendt DGP: Endothelial function. From
vascular biology to clinical applications. Am
J Clin Cardiol 2002;10(suppl 3):L40-L48.
Cabral MD, Teixeira Pde F, Leite SP, Vaisman
M: Markers of endothelial function in hy-
pothyroidism. Arq Bras Endocrinol Metab
2009;53:303-309.

Hunt BJ, Jurd KM: Endothelial cell activa-
tion. A central pathophysiological process.
BM] 1998;316:1328-1329.

Lekakis J, Papamichael C, Alevizaki M, Pip-
eringos G, Marafelia P, Mantzos J, Stamate-
lopoulos S, Koutras DA: Flow-mediated, en-
dothelium-dependent vasodilation is im-
paired in subjects with hypothyroidism,
borderline hypothyroidism and high-nor-
mal thyrotropin (TSH) values. Thyroid 1997;
7:411-414.

Albelda SM, Smith CW, Ward PA: Adhesion
molecules and inflammatory injury. FASEB
] 1994;8:504-512.

25

26

27

28

29

30

31

32

33

34

liyama K, Hajra L, Iiyama M, Li H, DiChiara
M, Medoff BD, Cybulsky MI: Patterns of vas-
cular cell adhesion molecule-1 and intercel-
lular adhesion molecule-1 expression in rab-
bit and mouse atherosclerotic lesions and at
sites predisposed to lesion formation. Circ
Res 1999;85:199-207.

Napoli C, Lerman LO, de Nigris F, Gossl M,
Balestrieri ML, Lerman A: Rethinking pri-
mary prevention of atherosclerosis-related
diseases. Circulation 2006;114:2517-2527.
Haghjooy Javanmard S, Nematbakhsh M,
Sanei MH: Early prevention by L-arginine at-
tenuates coronary atherosclerosis in a model
of hypercholesterolemic animals; no positive
results for treatment. Nutr Metab (Lond)
2009;6:13.

Clausen P, Mersebach H, Nielsen B, Feldt-
Rasmussen B, Feldt-Rasmussen U: Hypothy-
roidism is associated with signs of endothe-
lial dysfunction despite 1-year replacement
therapy with levothyroxine. Clin Endocrinol
(Oxf) 2009;70:932-937.

Papaioannou GI, Lagasse M, Mather JF,
Thompson PD: Treating hypothyroidism
improves endothelial function. Metabolism
2004;53:278-279.

Oliviero U, Cittadini A, Bosso G, Cerbone
M, Valvano A, Capalbo D, Apuzzi V, Cala-
brese F, Lettiero T, Salerno M: Effects of
long-term L-thyroxine treatment on endo-
thelial function and arterial distensibility in
young adults with congenital hypothyroid-
ism. Eur ] Endocrinol 2010;162:289-294.
Glowinska B, Urban M, Peczynska J, Florys
B: Soluble adhesion molecules (sSICAM-1,
sVCAM-1) and selectins (sE selectin, sP se-
lectin, sL selectin) levels in children and ado-
lescents with obesity, hypertension, and dia-
betes. Metabolism 2005;54:1020-1026.
Gottardi E, Egger F, Radetti G: TSH and en-
dothelial function in children. Eur J Pediatr
2008;167:355-356.

Taddei S, Caraccio N, Virdis A, Dardano A,
Versari D, Ghiadoni L, Ferrannini E, Salvet-
ti A, Monzani F: Low-grade systemic inflam-
mation causes endothelial dysfunction in pa-
tients with Hashimoto’s thyroiditis. J Clin
Endocrinol Metab 2006;91:5076-5082.
Xiang GD, He YS, Zhao LS, Hou J, Yue L,
Xiang HJ: Impairment of endothelium-de-
pendent arterial dilation in Hashimoto’s
thyroiditis patients with euthyroidism.
Clin Endocrinol 2006;64:698-702.

Horm Res Paediatr 2011;76:99-103

103



Copyright: S. Karger AG, Basel 2011. Reproduced with the permission of S. Karger AG, Basel. Further
reproduction or distribution (electronic or otherwise) is prohibited without permission from the copyright
holder.





