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Context: A strong association between subclinical hypothyroidism (SCH) and atherosclerotic dis-
eases, independent of the traditional risk factors, was noted.

Objective: The objective of the study was to evaluate the association between SCH and the in-
flammatory potential of atherosclerotic plaques as well as the role of L-T4 replacement therapy
(LTR) on regulation of plaque inflammation.

Experimental Design and Main Outcome Measures: We examined the differences in macrophage
content, proinflammatory cytokine infiltration, and oxidative stress between asymptomatic ca-
rotid plaques of patients with and without SCH and LTR.

Setting and Participants: Plaques were obtained from 23 SCH patients with LTR (treated), 34
untreated SCH patients, and 30 control patients without SCH enlisted to undergo carotid endar-
terectomy for extracranial high-grade (�70%) internal carotid artery stenosis. Plaques were an-
alyzed for macrophages, T lymphocytes, human leukocyte antigen (HLA)-DR� cells, nuclear fac-
tor-�B (NF-�B), inhibitory-�B� (I�B�), TNF-�, nitrotyrosine, matrix metalloproteinase-9 (MMP-9),
and collagen content (immunohistochemistry and ELISA).

Results: Compared with control plaques, SCH plaques had more macrophages, T lymphocytes, and
HLA-DR� cells, TNF-�, NF-�B, markers of oxidative stress (nitrotyrosine and O2� production), and
MMP-9 (P � 0.01, for all), along with a lesser collagen content and I�B� levels (P � 0.001). Compared
with plaques from treated patients, plaques from untreated patients had more macrophages, T
lymphocytes, HLA-DR� cells, TNF-�, NF-�B (P � 0.001), nitrotyrosine, O2� production, and MMP-9
(P � 0.01, for all), along with a lesser collagen content and I�B� levels (P�0.001).

Conclusions: These data suggest a potential interplay between SCH and inflammatory activity in
atherosclerotic plaque progression toward instability. Moreover, LTR might contribute to plaque
stabilization by inhibiting the innate immunity-dependent plaque rupture in patients with SCH.
(J Clin Endocrinol Metab 96: 1015–1020, 2011)
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A strong association between subclinical hypothyroid-
ism (SCH) and atherosclerotic cardiovascular dis-

ease, independent of the traditional risk factors, was noted
in a recent analysis of 55,287 individual participants from
11 prospective cohort studies (1). Although it has been
demonstrated that SCH may up-regulate inflammation (2)
and impair endothelial function (3), still no evidence exists
about the potential role of SCH in the evolution of ath-
erosclerotic plaques. We hypothesized that SCH may
enhance the inflammatory potential of atherosclerotic
plaques favoring instability. To investigate this possibility,
this study examined the differences in macrophage infil-
tration as well as in proinflammatory cytokines between
asymptomatic carotid plaques of patients with and with-
out SCH. Moreover, because the up-regulation of oxida-
tive stress may reduce endothelial function (4), the local-
ization of nitrotyrosine, a modified amino acid produced
by interaction between reactive superoxide anion (O2�)
and nitric oxide (5), in atherosclerotic lesions was mea-
sured quantitatively. Finally, because controlled trial (6)
and observational (7) studies have demonstrated the ben-
eficial effect of L-T4 replacement therapy (LTR) on car-
diovascular risk factors and endothelial function in SCH
patients, the study also evaluated the role of the LTR on
innate immune activity regulation in carotid plaques of
SCH patients.

Patients and Methods

Study population
We selected patients with history of SCH [TSH � 4 mIU/liter

and free T4 (FT4) levels in the normal reference range] and
asymptomatic carotid stenosis, enlisted to undergo carotid end-
arterectomy for extracranial high-grade (�70%) internal ca-
rotid artery stenosis (8). Asymptomatic patients underwent a
baseline clinical examination as well as medical history and had
never developed neurological symptoms or cerebral lesions as-
sessed by computed tomography. All patients received computed
tomography or magnetic resonance imaging. Thyroid autoim-
munity was estimated by thyroid peroxidase antibodies concen-
tration. The sample size for the planed study was estimated in 30
patients without SCH (control group) and 57 patients with SCH
(34 patients without LTR and 23 with concomitant LTR). LTR
was defined as oral use of L-T4 administered at doses ranging
from 50–150 �g. Exclusion criteria were serum creatinine
greater than 1.36 mg/dl, inflammatory disorders, malignancy,
renal diseases or infection, and a duration of LTR of more than
12 wk. The patients that never used LTR were classified as un-
treated patients. The patients who have used LTR, before carotid
endarterectomy, were classified as treated patients. Carotid
sonography was performed on a single ultrasound machine
(Aloka 5500; Naples, Italy). The study was approved by the
ethics committee, and informed written consent was obtained for
each patient.

Atherectomy specimens
After surgery, the specimens were cut perpendicular to the

long axis into two halves. The first half was frozen in liquid
nitrogen for the following ELISA analysis. A portion of the other
half-specimen was immediately immersion fixed in 10% buff-
ered formalin. Sections were serially cut at 5 �m, mounted on
lysine-coated slides, and stained with hematoxylin and eosin and
with the trichrome method. Carotid artery specimens were an-
alyzed by light microscopy.

Statistical analysis
Data are presented as mean � SD. Continuous variables were

compared among the groups of patients with one-way ANOVA
for normally distributed data and the Kruskal-Wallis test for
nonnormally distributed data. All calculations were performed
using the computer program SPSS version 12 (SPPS Inc., Chi-
cago, IL).

Results

Anthropometric characteristics, routine blood chemical
analyses, percentage of carotid diameter reduction, risk
factors, and concomitant therapy did not differ among the
groups (Table 1). In treated group, the duration of the LTR
was 11.5 � 2.2 months before carotid endarterectomy.
On the basis of clinical history, patients from the untreated
group were affected by SCH for 14 � 3.6 months before
carotid endarterectomy, patients in the treated patient
group showed a SCH for 15 � 2.1 months before carotid
endarterectomy. In the untreated group, the TSH concen-
tration was significantly higher (P � 0.01), and the FT4

concentration was significantly lower (P � 0.01) com-
pared with the treated patient group (Table 1). Before
LTR, the TSH concentration was 7.1 � 2.28 mIU/liter in
the treated group. Plasma TNF-�, IL-6, IL-18, and C-re-
active protein (CRP) levels were higher in SCH patients
than in control patients (P � 0.005) (Table 1), with the
highest values in SCH patients without LTR (untreated
patient group). TSH levels were correlated with TNF-�
(r � 0.21; P � 0.02), IL-6 (r � 0.31; P � 0.01), IL-18 (r �
0.23; P � 0.02), and CRP (r � 0.25; P � 0.01).

Plaque phenotype
Compared with control patients, SCH patients (all) had

a significantly greater portion of plaque area occupied by
macrophages (P � 0.01) and greater expression of human
leukocyte antigen (HLA)-DR as well as smaller content
interstitial collagen (P � 0.01) (Fig. and Table 1). Com-
pared with treated patient patients, untreated patient pa-
tients had significantly greater portion of plaque area oc-
cupied by macrophages (P � 0.01) and greater expression
of HLA-DR antigen (P � 0.01) as well as smaller content
interstitial collagen (Fig. 1 and Table 1). Matrix metallo-
proteinase-9 (MMP-9) levels were more abundant in SCH
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TABLE 1. Characteristics of study patients

Patient characteristics
Control group

(n � 30)
Treated group

(n � 23)
Untreated group

(n � 34)
Age (yr) 69 � 6 71 � 4 70 � 7
Sex (female/male) 18/12 14/9 19/15
BMI (kg/m2) 27.9 � 3.8 28.3 � 2.6 28.9 � 3.1
TSH, mIU/liter 1.29 � 0.54 1.31 � 0.31 6.88 � 1.31a,b

FT3 (pg/ml) 3.2 � 1.4 3.5 � 1.1 2.3 � 1.3a,b

FT4 (pg/ml) 8.1 � 1.3 8.4 � 1.5 5.2 � 1.6a,b

TPOAb (U/ml) Negative 122 � 22b 111 � 33b

TNF-� (pg/ml) 3.2 � 1.1 5.9 � 0.8b 7.1 � 1.2a,b

CRP (mg/dl) 1.7 � 0.6 3.1 � 1.1b 5.8 � 1.0a,b

IL-18 (pg/ml) 109 � 18 144 � 22b 164 � 28a,b

IL-6 (pg/ml) 1.8 � 0.5 3.3 � 1.1b 4.9 � 1.9a,b

Clinical characteristics
Family history of IHD �n (%)� 14 (47) 11 (48) 16 (47)
Family history of diabetes �n (%)� 10 (33) 8 (35) 12 (35)
Diabetes �n (%)� 11 (37) 10 (43) 15 (44)
Cigarette smoking �n (%)� 6 (20) 5 (22) 8 (23)
Hypertension �n (%)� 16 (53) 12 (52) 18 (53)
Coronary artery disease �n (%)� 12 (40) 8 (35) 11 (33)
BMI (kg/m2) 26.9 � 4 27.3 � 3 27.1 � 4
Clinic SBP (mm Hg) 122 � 9 124 � 10 123 � 11
Clinic DBP (mm Hg) 78 � 6 80 � 4 80 � 5
Heart rate (bpm) 74 � 9 73 � 12 72 � 11
Serum creatinine (�mol/liter) 77.7 � 1.4 78.7 � 1.9 79.3 � 2.2
Blood glucose (mg/dl) 97 � 7 101 � 6 100 � 7
Total cholesterol (mg/dl) 173 � 26 168 � 36 171 � 32
HDL cholesterol (mg/dl) 51 � 11 49 � 10 48 � 9
LDL cholesterol (mg/dl) 91 � 10 86 � 12 89 � 14
Triglycerides (mg/dl) 155 � 42 165 � 44 172 � 39

Active therapy
Aspirin �n (%)� 29 (97) 23 (100) 33 (97)
Calcium channel blocker �n (%)� 5 (17) 4 (18) 6 (18)
Statin �n (%)� 28 (93) 22 (96) 32 (94)
ACE inhibitor �n (%)� 14 (47) 10 (43) 16 (47)
Diuretic agent �n (%)� 6 (20) 5 (22) 9 (26)
AT-1 antagonist �n (%)� 10 (33) 5 (22) 9 (26)
Hypoglycemic agents �n (%)� 11 (37) 10 (43) 14 (42)
Insulin �n (%)� 2 (7) 1 (4) 2 (6)

Plaque characteristics
Stenosis severity (%) 76.9 � 5.6 77.2 � 5.3 77.3 � 4.9
Macrophage-rich areas (%) 5 � 3a,b 18 � 4a 23 � 3
HLA-DR-rich areas (%) 9 � 1a,b 16 � 7a 27 � 8
Collagen content (%) 26.9 � 4.2a,b 18.6 � 2.2a 9.8 � 3.1
MMP-9 (�g/mg) 4.5 � 2.8a,b 9.9 � 2.3a 16.7 � 3.3
p50 (ng/mg) 20.3 � 10.3a,b 36.8 � 14.4a 67.6 � 18.3
p65 (ng/mg) 15.4 � 9.7a,b 29.7 � 12.3a 55.7 � 14.1
I�B� (ng/mg) 71.2 � 17.3a,b 54.9 � 16.8a 21.6 � 12.4
Nitrotyrosine (nmol/pg) 1.5 � 0.9a,b 3.3 � 1.1a 5.9 � 0.8
TNF-� (pg/mg) 39.7 � 12.1a,b 59.6 � 19.4a 88.9 � 26.4

Data are presented as mean � SD or number (percent). Serum FT3 and FT4 levels were measured by specific RIA (Technogenetics,
Milan, Italy). TSH was determined with an ultrasensitive immunoradiometric assay method (DiaSorin, Inc., Saluggia, Italy). Thyroid
peroxidase antibodies (TPOAb) were measured by specific RIA ((Sorin Biomedica, Saluggia, Italy). Normal ranges in our laboratory
are as follows: FT4, 5.5–15.2 pg/ml; FT3, 2.6–5.5 pg/ml; TSH, 0.30–3.7 mIU/liter; TPOAb, less than 10 U/ml. Serum samples for
cytokines levels were stored at �80 C until assay. Serum concentrations of TNF-�, IL-6, and IL-18 were determined in duplicate
with commercially available kits (R&D Systems). Plasma CRP was determined using automated turbidimetry. Each determination is
derived from the mean of three evaluations carried out on the lysed plaque. I� B�, MMP-9, TNF- �, and nitrotyrosine levels were
quantified in plaques using a specific ELISA kits (Santa Cruz, R&D Systems, and Imgenex). We used a specific antibody that
selectively recognizes the activated form of the NF-� B p65 and p50 subunits. NF-� B binding to B sites was assessed using the
Trans-AM NF-� B p65 and p50 transcription factor assay kits (Active Motif Europe, Rixensart). Nitrotyrosine was assayed into the
plaque tissue with a kit supplied by Hycult Biotech. ACE, Angiotensin-converting enzyme; BMI, body mass index; DBP, diastolic
blood pressure; HDL, high-density lipoprotein; IHD, ischemic heart disease; LDL, low-density lipoprotein; SBP, systolic blood
pressure.
a P � 0.05 compared with current user group.
b P � 0.05 compared with control group.
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than in control lesions. In SCH plaques, MMP-9 levels
were more abundant in untreated patients that in current
user lesions (P � 0.001) (Fig. 1 and Table 1). Notably,
TSH levels were negatively correlated with plaque inter-
stitial collagen content (r � �0.44; P � 0.01) and were
positively correlated with plaque expression of macro-
phages (r � 0.39; P � 0.01) and plaque expression of
HLA-DR antigen (r � 0.36; P � 0.01). Multivariate gen-
eral linear model analyses, for plaque content of collagen
and macrophages (dependent variables) and blood pres-
sure, weight, TSH, FT4, and serum high-density lipopro-
tein, triglycerides, and low-density lipoprotein (indepen-
dent variables), showed that the TSH concentration was
the only common variable that predicted these two de-
pendent variables [for plaque collagen content, adjusted
r2 � 0.41 for whole-model TSH levels (t � �3.2; ß �
�0.23; P � 0.05); for plaque macrophages content, ad-
justed r2 � 0.1 for whole-model and TSH levels (t � 2.1;
P � 0.05)].

Oxidative stress in the plaque
Higher nitrotyrosine levels were found in SCH plaques

than in control plaques (P � 0.001) (Fig. 1). In SCH pa-
tients, higher levels as well as higher staining of nitroty-
rosine were found in plaques of untreated patient patients
as compared with plaques of treated patients (P � 0.001)
(Fig. 1 and Table 1). Notably, oxidative stress were
strongly dependent from TSH levels, as also reflected by
the statistically significant correlation between plasma
TSH levels and plaque nitrotyrosine concentrations (r �
0.51; P � 0.01).

Inflammatory status in the plaque
Nuclear factor-�B (NF-�B) activation (p50 and p65)

was significantly higher in both untreated patient (P �
0.01) and treated patient plaques from SCH patients (P �
0.01) than in plaques from control patients (Table 1).
Quantitative analyses revealed lower levels for inhibitory-
�B� (I�B�) in plaque of control as compared with plaques
of SCH patients (P � 0.001) (Table 1). In SCH patients,
the selective analysis of activated form of both p50 and
p65 was significantly higher in plaques of untreated pa-
tients (P � 0.01) as compared with plaques of treated
patients. Quantitative analyses revealed lower levels for
I�B� in plaque of untreated patients as compared with
plaques of treated patients (P � 0.001) (Table 1). Both
immunohistochemistry and ELISA revealed markedly
higher staining and levels of TNF-� in SCH lesions com-
pared with the control lesions (P � 0.001) (Fig. 1 and
Table 1). In SCH plaques, higher staining and levels of
TNF-� were found in untreated patient lesions compared
with the treated patient lesions (P � 0.001) (Fig. 1 and

FIG. 1. Representative sections show immunochemistry for
macrophage (CD68) staining (	600), for HLA-DR cells (	400),
collagen content and sirius red (	400), MMP-9 (	400), nitrotyrosine
(	400), and TNF-� (	400) in plaques from control patients, LTR-
treated patients, and patients never treated with LTR with SCH. Similar
regions of plaque are shown. Results are typical of control, treated
LTR, and untreated LTR plaques. After the surgical procedure, samples
were immediately frozen in isopentane and cooled in liquid nitrogen.
The serial sections were obtained from the culprit lesion. Similar
regions of the plaque were analyzed. Serial sections were incubated
with specific antibodies anti-smooth muscle actin (VSMC), anti-HLA-DR
locus, anti-CD68, and anti-MMP-9 (Santa Cruz); anti-TNF-� (R&D
Systems). Analysis of immunohistochemistry was performed with a
personal computer-based quantitative 24-bit color image analysis
system (IM500; Leica Microsystem AG). Sirius Red staining was used
for collagen content; after dehydration, the sections were observed
under polarized light after being placed on coverslips. The sections
were photographed with identical exposure settings for each section.
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Table 1). Notably, inflammation was correlated with TSH
levels, as also reflected by the statistically significant cor-
relation between TSH levels and TNF-� concentrations
(r � 0.46; P � 0.01).

Discussion

We provide evidence that innate immune overactivity is
associated with an unstable phenotype of atherosclerotic
plaques in SCH patients. In particular, the macrophages
were significantly more abundant in SCH atherosclerotic
lesions as compared with control lesions, and it was as-
sociated with higher NF-�B, TNF-�, and MMP-9 levels
along with less interstitial collagen content. All this might
increase the risk of future acute ischemic events precipi-
tated by inflammatory-dependent rupture of atheroscle-
rotic plaques. Moreover, we provide evidence for the crit-
ical role of LTR in the process of plaque stabilization
realized by reduction of innate immunity activity in ath-
erosclerotic lesions from patients with SCH. In particular,
we evidence an association between LTR and low levels of
macrophage infiltration, oxidative stress, and proinflam-
matory cytokines in human atherosclerotic lesions.

A previous study (3) has reported that SCH may result
in accelerated atherosclerosis and coronary artery disease,
presumably because of the associated hypercholesterol-
emia and hypertension. However, direct evidence of such
an effect of SCH on atherosclerosis progression toward
plaque instability is lacking. In our study, macrophages, T
cells, and HLA-DR inflammatory cells were more abun-
dant in SCH plaques and represented the major source of
activated NF-�B and TNF-�, suggesting the presence of an
active inflammatory reaction in SCH plaques. According
to the response-to-injury theory (9), plaque progression
may be linked to an inflammatory-proliferative response
to an injurious stimulus, constituted by oxidative stress. In
line with such evidence, higher expression of activated
NF-�B and nitrotyrosine was found in human plaque ob-
tained from the asymptomatic carotid lesions of patients
with SCH compared with control lesions. In agreement
with the difference in activated NF-�B, TNF-�, and ni-
trotyrosine staining patterns, the histological milieu of the
lesions appears different with regard to cellularity, but not
in the degree of vessel stenosis, suggesting that SCH and
non-SCH lesions are different only in regard to inflam-
matory and oxidative stress burdens. Hence, the differ-
ences in plaque behavior likely stem from differences in the
presence of stimuli (i.e. oxidative stress, as evidenced by
high nitrotyrosine levels) for selective expression activa-
tion of NF-�B, capable of disrupting plaque stability via
TNF-� induction. NF-�B is normally bound to I�B� in the
cytosol; this binding prevents its movement into the nu-

cleus (10). Various cellular stimuli, such as oxidative
stress, may induce phosphorylation of I�B� and subse-
quent inactivation (11). Our findings are consistent with
the hypothesis that SCH may induce phosphorylation and
degradation of I�B� via oxidative stress overactivity, thus
enhancing NF-�B activation. Moreover, higher levels of
inflammatory cells and MMP-9 in SCH lesions, one of the
most important enzymes in the process of atherosclerotic
plaque rupture (12), along with a lesser interstitial colla-
gen content, suggests an involvement of the innate immu-
nity in instability of SCH lesion by increasing plaque
erosion.

The present findings may also hypothesize an inhibi-
tory effect of LTR on innate immune activity in SCH le-
sions. Indeed, at the same level of carotid stenosis, SCH
patients treated with LTR had the lowest level of inflam-
matory cells, activated NF-�B, plaque cytokines, oxida-
tive stress, and MMP-9 associated with the highest content
of plaque interstitial collagen. Thus, SCH patients treated
with LTR had lesser plaque progression to an unstable
phenotype than patients without LTR treatment. In pro-
spective studies, administration of L-T4 to SCH patients
has been shown to negatively modulate most cardiovas-
cular risk factors and to improve endothelial function (6).
However, these studies did not delineate the cellular/mo-
lecular effects of L-T4 on the atherosclerosis process and
not provide any evidence regarding the involvement of
innate immune activity in pathophysiology of LTR-de-
pendent plaque stabilization. In our study, macrophages,
T lymphocytes, and HLA-DR� inflammatory cells were
less abundant in LTR-treated plaques, suggesting an an-
tiatherosclerotic effects of L-T4 via the reduction of in-
flammatory burden in the plaque. Moreover, the hypoth-
esis that inflammatory activity reduction by LTR is largely
dependent on the reduction of oxidative stress is also sup-
ported by the observation that inflammatory burden of
plaques is associated with low levels nitrotyrosine. Ac-
cording to this hypothesis, many data showed the anti-
oxidative properties of LTR (13). In this context, our data
may suggest a novel mechanism by which LTR reducing
oxidative stress may mediate inflammatory activity in ath-
erosclerotic plaques of SCH patients.

Acknowledgments

Address all correspondence and requests for reprints to: Raffaele
Marfella, Piazza Miraglia, 2, 80138 Napoli, Italy. E-mail: raffaele.
marfella@unina2.it.

Disclosure Summary: R.M., F.F., M.R.R., M.P., M.B., C.B.,
R.N.,L.I.S., F.C.S., I.A., M.S., L.M., C.S., G.A., G.P., and C.C.
have nothing to declare.

J Clin Endocrinol Metab, April 2011, 96(4):1015–1020 jcem.endojournals.org 1019



References

1. Rodondi N, den Elzen WP, Bauer DC, Cappola AR, Razvi S, Walsh
JP, Asvold BO, Iervasi G, Imaizumi M, Collet TH, Bremner A,
Maisonneuve P, Sgarbi JA, Khaw KT, Vanderpump MP, Newman
AB, Cornuz J, Franklyn JA, Westendorp RG, Vittinghoff E, Gussek-
loo J; Thyroid Studies Collaboration 2010 Subclinical hypothyroid-
ism and the risk of coronary heart disease and mortality. JAMA
304:1365–1374

2. Taddei S, Caraccio N, Virdis A, Dardano A, Versari D, Ghiadoni L,
Salvetti A, Ferrannini E, Monzani F 2003 Impaired endothelium-
dependent vasodilatation in subclinical hypothyroidism: beneficial
effect of levothyroxine therapy. J Clin Endocrinol Metab 88:3731–
3737

3. Kvetny J, Heldgaard PE, Bladbjerg EM, Gram J 2004 Subclinical
hypothyroidism is associated with a low-grade inflammation, in-
creased triglyceride levels and predicts cardiovascular disease in
males below 50 years. Clin Endocrinol (Oxf) 61:232–238

4. Cai H, Harrison DG 2000 Endothelial dysfunction in cardiovascular
diseases: the role of oxidant stress. Circ Res 87:840–844

5. Wang P, Zweier JL 1996 Measurement of nitric oxide and peroxyni-
trite generation in the postischemic heart. Evidence for peroxyni-
trite-mediated reperfusion injury. J Biol Chem 271:29223–29230

6. Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver JU 2007
The beneficial effect of L-thyroxine on cardiovascular risk factors,
endothelial function, and quality of life in subclinical hypothyroid-

ism: randomized, crossover trial. J Clin Endocrinol Metab 92:1715–
1723

7. Kim SK, Kim SH, Park KS, Park SW, Cho YW 2009 Regression of
the increased common carotid artery-intima media thickness in sub-
clinical hypothyroidism after thyroid hormone replacement. Endocr
J 56:753–758

8. Young B, Moore WS, Robertson JT, Toole JF, Ernst CB, Cohen SN,
Broderick JP, Dempsey RJ, Hosking JD 1996 An analysis of peri-
operative surgical mortality and morbility in the asymptomatic ca-
rotid atherosclerosis study. Stroke 27:2216–2224

9. Ross R 1999 2000 Atherosclerosis: an inflammatory disease. N Engl
J Med. 340:115–126

10. Siebenlist U, Franzoso G, Brown K 1994 Structure, regulation and
function of NF-�B. Annu Rev Cell Biol 10:405–455

11. Hermann J, Gulati R, Napoli C, Woodrum JE, Lerman LO, Rodri-
guez-Porcel M, Sica V, Simari RD, Ciechanover A, Lerman A 2003
Oxidative stress-related increase in ubiquitination in early coronary
atherosclerosis. FASEB J 17:1730–1732

12. Galis ZS, Sukhova GK, Lark MW, Libby P 1994 Increased expres-
sion of matrix metalloproteinases and matrix degrading activity in
vulnerable regions of human atherosclerotic plaques. J Clin Invest
94:2493–2503

13. Baskol G, Atmaca H, Tanriverdi F, Baskol M, Kocer D, Bayram F
2007 Oxidative stress and enzymatic antioxidant status in patients
with hypothyroidism before and after treatment. Exp Clin Endo-
crinol Diabetes 115:522–526

You can post your CV, post an open position  
or look for your next career opportunity  

in the targeted Career Services site.
www.endo-society.org/placementservices

1020 Marfella et al. Subclinical Hypothyroidism and Atherosclerosis J Clin Endocrinol Metab, April 2011, 96(4):1015–1020


