
Abstract. Background/Aim: Thyroid dysfunction, both hypo-
and hyperthyroidism, has been associated with
cardiovascular disease. The aim of this study was to evaluate
the association between thyroid dysfunction and
atherosclerosis measured mostly by carotid intima-media
thickness, as well as discuss whether L-T4 replacement is
able to reverse or slow down the progression of
atherosclerosis. Materials and Methods: The review was
conducted according the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines.
We performed on PubMed a literature search from May 2004
to January 2020, using the search terms ‘subclinical
hypothyroidism’ or ‘thyroid disorders’ and ‘carotid artery’,
‘carotid intima-media thickness (IMT)’, ‘levothyroxine’, and
‘atherosclerosis’. Results: Twenty-six studies were eligible
and included in the analysis. Overall, the studies
encompassed a total of 36.434 patients included in this
review. Most studies indicated a proportional correlation
between IMT and thyroid dysfunction. Levothyroxine (L-T4)
replacement led to significant decrease of IMT after 1 year
in most studies. Conclusion: Most studies have concluded
that thyroid dysfunction is associated with arterial wall
remodeling and, thus, with increased cardiovascular risk.
However, the exact mechanistic background of pathological
structural changes in the arterial wall is still unsettled. Large
randomized controlled studies are required to definitively

address the extent to which T4 replacement therapy might
benefit patients with subclinical thyroid disorders.

Thyroid dysfunction has been associated with
cardiovascular disease. Hypothyroidism and subclinical
hypothyroidism (SH), which is characterized by elevated
thyroid stimulating hormone (TSH) levels and normal
circulating free thyroid hormones, are independent risk
factors for the pathogenesis of atherosclerosis and
cardiovascular disease, affecting adversely the endothelial
function (1-3). More specifically, they are correlated with i)
high levels of low-density-lipoprotein cholesterol (LDL), ii)
abnormal diastolic blood pressure, iii) low-grade
inflammation and iv) hypercoagulability (4). On the other
hand, hyperthyroidism, increases heart rate and pulse
pressure and could affect arterial stiffness. L-thyroxine (L-
T4) and thyroid mimetics seem to benefit patients with
atherosclerosis or metabolic disorders due to reduction of
both serum total cholesterol and LDL (5, 6). 

Thickening of the arterial wall, as measured by the intima-
media thickness (IMT), can be used as a surrogate of
cardiovascular disease, including myocardial infraction and
stroke (1). The advantage of IMT is the ease of its
calculation using ultrasound (7). Because of the high
prevalence of subclinical thyroid dysfunction, it is important
to clarify its effect on vascular atherosclerosis. 

The aim of this review was to summarize the
understanding of the association between thyroid dysfunction
and atherosclerosis measured mostly by carotid IMT, as well
as discuss whether L-T4 replacement is able to reverse or
delay the progression of early atherosclerotic vascular wall
lesions in SH patients.

Materials and Methods
The review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines. We performed on PubMed a literature search for the
articles published from May 2004 until January 2020, using the
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search terms ‘subclinical hypothyroidism’ or ‘thyroid disorders’ and
‘carotid artery’, ‘carotid intima-media thickness’, ‘levothyroxine’,
‘atherosclerosis’. Reference of these articles was scrutinized for
additional relevant articles. Finally, reference lists of eligible studies
were manually assessed in order to detect any potentially relevant
articles (“snowball” procedure).

Results

Article selection and study demographics. The search
strategy and the relevant results are illustrated in Figure 1.
Following screening of titles and abstracts, 90 studies were
retrieved for full-text evaluation. Twenty-six studies were
included in the analysis. Overall, these 26 studies encompass
a total of 36,434 patients included in this review.

Classification of thyroid status. The participants in the
selected studies were classified into one of the following
groups, based on their thyroid function tests.
i) Overt hypothyroidism, defined as high TSH concentration
with a low free thyroxine (FT4) concentration; 
ii) Subclinical hypothyroidism, defined as high TSH
concentration with a normal FT4 concentration;
iii) Euthyroidism, defined as a normal TSH concentration
with normal FT4 concentration;
iv) Subclinical hyperthyroidism, defined as low TSH
concentration with a normal FT4 concentration;
v) Overt hyperthyroidism, defined as low TSH concentration
with a high FT4 concentration. 

Analytical measurements. The normal ranges of the thyroid
hormones differed among the several laboratories. As
discussed, Carotid intima-media thickness (C-IMT) was used
as a surrogate of subclinical atherosclerosis and an effect of
therapeutic interventions. European guidelines recommend
that a C-IMT of 0.9 mm is accepted as the threshold above
which atherosclerosis progression occurs (8). Similarly, the
American Heart Association/American College of
Cardiology Guidelines (9) also suggest C-IMT as a marker
for cardiovascular risk assessment in asymptomatic adults at
intermediate risk for CV disease (class IIa). An increase of
0.1 mm in the C-IMT is associated with a 10-15% increase
in the risk of myocardial infarction and stroke (10). The IMT
is defined as the distance between the media-adventitia and
lumen-intima interfaces and is measured proximal to the
origin of the carotid bulb using an IMT measurement
software (11).

Arterial stiffness is a parameter which evaluates the
mechanical properties of the vessel, while IMT assesses its
structural properties. It is measured by stiffness β-index,
which has been defined as the logarithm of the ratio of
systolic to diastolic blood pressure divided by the fractional
diameter increase during the cardiac cycle (12).

General principles. A relationship between thyroid dysfunction
and vascular disease is not well-established. In one of the
proposed theories, both overt and subclinical hypothyroidism
can cause high LDL, diastolic hypertension, coagulopathy and
myocardial dysfunction, thus conferring an elevated risk of
atherosclerosis and vascular disease (7, 13, 14). The lipid
profile is an important causative factor for vascular remodeling
associated with SH. Most reports have documented a
relationship between SH and a reversible atherogenic
lipoprotein profile (6). Indeed, a remarkable difference of total
cholesterol and triglycerides levels between SH patients and
euthyroid individuals can partially explain this relationship (1,
15). Some pathophysiological mechanisms implicated to this
finding could, firstly, include a high TSH triggering the
expression of the hepatic 3-hydroxy-3-methyl-glutaryl
coenzyme A (HMG CoA) reductase, which is a rate-limiting
enzyme in cholesterol biosynthesis. In addition,
triiodothyronine (T3) can influence HDL metabolism by
increasing cholesteryl ester transfer protein (CETP) activity,
which exchanges cholesteryl esters from HDL2 to the very
low-density lipoproteins (VLDL) and TGs to the opposite
direction (16). Furthermore, thyroid hormones stimulate the
lipoprotein lipase (LPL), which catabolizes the TG-rich
lipoproteins (17). Raised Lp(a) concentrations have been
associated with the development of atherosclerosis and are
viewed as a strong predictor of ischemic heart disease; thus,
they are frequently assessed when studying thyroid disease.
Current consensus supports that abnormal Lp(a) levels in SH
patients are indicative of a genetic predisposition rather than a
physiological effect of reduced thyroid hormone activity (6,
17). Recently, hyperhomocysteinemia has been proposed as
another risk factor for atherosclerotic cardiovascular disease in
the presence of clinically remarkable thyroid disease. This
could be attributed to the fact that vitamin B12 and folate-
known determinants of total homocysteine-deficiency is more
frequently observed in overt compared to subclinical
hypothyroidism. Thereby, it is possible that hyperhomo-
cysteinemia results from vitamin deficiency rather than thyroid
hormone deficiency (6).

Besides affecting cardiovascular risk factors, longstanding
mild thyroid hormone deficiency can lead to structural
changes in the arterial wall. Evidence from in vitro and animal
model studies have demonstrated a remarkable effect of
thyroid hormones to fibroblasts, especially in regards to
collagen type I expression. Thyroid hormones might also
downregulate collagen type I mRNA expression that in turn
leads to inhibition of collagen biosynthesis. Moreover, thyroid
hormones were shown to inhibit platelet aggregation induced
by collagen. The reverse effect was observed in the deficiency
of the hormones (18). On the other hand, thyroid hormones
can affect vascular endothelial cells by modulating the
expression of adenylyl cyclase and Ca21-ATPase, which
affects the endothelium-dependent vasodilatation, contributing
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to a decrease in pulse wave velocity (PWV) (19). In the same
frame, recombinant human TSH administration can acutely
impair endothelium-dependent vasodilatation, possibly by
inducing an inflammatory response and reducing nitric oxide
(1). Similar changes can also occur during early stages of
atherogenesis (6). Additionally, Mizuma et al. described the
presence of iodothyronine deiodinase in human vascular
smooth muscle cells. Given that thyroid hormones have been
reported to relax vascular smooth cells directly, local
production of T3 by iodothyronine deiodinase might be
another vasolidative mechanism mediated by cAMP
regulatory cascade (20). Of interest, in models of SH arterial
wall alterations can be attributed to water accumulation and
edema inside vascular smooth muscle cells in the arterial wall
due the deposition of proteins in the extracellular space. An
increased transcapillary escape rate for plasma proteins, such
as albumin, has been reported in hypothyroid patients, as well
as in animal models (1). These changes facilitate edema
formation and probably explain the generalized edema and
serositis in patients with myxedema (1, 6). 

Finally, the process of autoimmunization progressively
leads to local vasculitis and subsequently to the development
of atherosclerotic plaques (2). More specifically, Hashimoto’s
thyroiditis can lead to low-grade chronic inflammation, which
causes endothelial dysfunction (21). This could explain why
thyroid hormone replacement and the consequent homeostasis
in thyroid and lipid profile is not associated with a complete
reversal of endothelial dysfunction. Also, chronic activation of
the immune system due to autoimmunity is considered another
mechanism inducing atherosclerosis (22, 23). Furthermore, the
degree of autoimmunity has been associated with elevated
cardiovascular risk (21).

Thyroid dysfunction and carotid artery atherosclerosis. There
is a well-established connection between hypothyroidism and
atherosclerosis. This has been demonstrated by several
studies as illustrated in Figure 2. In particular, Peixoto et al.
(15) have evaluated the association between SH and CIMT
in 8.623 subjects and found it positive, even after adjusting
for factors typically associated with IMT, such as
cardiovascular factors. Median IMT was higher in SH
subjects than in euthyroid ones (p<0.0001). Tan et al. (24)
have found that CIMT is higher in patients with subclinical
and overt hypothyroidism than healthy controls (p=0.042 and
p<0.001, respectively), concluding that there is a positive
correlation between CIMT and TSH. They also found that
high thyroglobulin levels were an independent factor that
increased CIMT. Valentina et al. (25) have also elucidated
the association between SH and carotid atherosclerosis,
including 99 patients in their study and reporting similar
results; patients with SH were found with a significantly
higher mean CIMT compared to controls, despite the fact
that maximum CIMT values were not statistically significant.

In the same vein, the authors showed that SH is related to
higher CIMT and presence of carotid plaques, independent
of classical risk factors for atherosclerosis. Likewise,
Ghasemi et al. (26) have reported that SH patients had
significantly higher mean IMT values (p=0.01), along with
elevated total cholesterol and triglyceride levels, compared
to controls. In regression analysis, the mean IMT was
negatively related to the T4 level (p=0.02). Monzani et al.
(6) have assessed the CIMT in 45 SH patients at baseline and
at six months in a setting of a randomized controlled study
comparing L-T4 replacement to placebo. The mean IMT of
SH patients was significantly higher compared to euthyroid
controls (p<0.001). A strong positive relationship between
mean-IMT and serum TSH levels (p=0.0008) was also noted.
In accordance with this, Franzoni et al. (1) have measured
the CIMT in 41 patients with SH. The etiology of SH was
Hashimoto thyroiditis in all patients. They found that there
was no difference in carotid diameter between SH and the
control group; however, carotid artery data showed that IMT
was higher in SH than in controls (p<0.0001). Knapp et al.
(2) have evaluated the correlation between SH and CIMT in
40 women with Hashimoto disease. They found that CIMT
was higher in patients with SH compared to the controls
(CCA right, p=0.003; CCA leFT, p=0.001; CA bulb right,
p=0.002; CA bulb leFT, p=0.014). Despite these differences,
none of the means met the European Society of Cardiology
criteria of increased IMT. Bozkus et al. (13) have evaluated
thyroid hormone levels in patients with an obstructive sleep
apnea syndrome in order to determine the cardiovascular risk
in these subjects. TSH levels were positively correlated to
IMT (p=0.002), while free T3 levels and IMT were
negatively correlated (p=0.001). Free T4 was not correlated
to IMT. As a conclusion, the authors suggested that patients
with obstructive sleep apnea should be screened for
hypothyroidism considering the potential cardiovascular
complications. Similarly, three more studies (27-29) have
measured the CIMT in totally 221 subjects and found that it
was significantly higher in patients with overt and SH as
compared to the control groups. Two other studies (16, 30)
have evaluated CIMT in pediatric patients with SH and
concluded that it was significantly higher in the patient group
compared to the controls. The patient group of the first study
(16) was further categorized into two subgroups based on
their serum TSH levels: i) patients with mild or moderate
increases in TSH (4.2±10 mIU/l) and ii) patients with high
TSH (≥10 mIU/l). However, no significant difference was
found between the two subgroups as far as CIMT is
concerned (p=0.610). In accordance to this, Sevuk et al. (31)
have evaluated the effect of thyroid function and carotid
artery plaque ulceration in 250 patients. The authors showed
that SH and overt hypothyroidism were significantly more
frequent in patients with ulcerated plaques (p<0.001 and
p=0.003, respectively). Patients with ulcerated plaques also

Bakoyiannis et al: Thyroid Dysfunction and Atherosclerosis (Review)

3129



had a significantly higher incidence of low-normal fT4 levels
as well as elevated TSH levels compared to patients without
ulcerated plaques (p=0.02 and p=0.001, respectively). The
authors suggested that SH and clinically symptomatic
hypothyroidism could both be risk factors for plaque
ulceration and subsequent cardiovascular events and that the
thyroid function may be useful as an assessment, to stratify
patients with internal carotid stenosis. Tian et al. (32) have
examined the association between SH and carotid arterial
stiffness in 183 subjects. B-index was detected significantly

elevated in patients with SH as compared to normal controls
(p=0.022). Nagasaki et al. (33) have also examined the effect
of hypothyroidism on arterial stiffening and CIMT. Both
arterial stiffness β-index and CIMT were significantly higher
in the hypothyroid patients than in normal controls
(p<0.005). Jeong et al. (5) have studied 382 patients with
reported ischemic stroke. Patients in the low-normal FT4
group (FT4: 11-12.3 pmol/l) had a significantly higher
prevalence of internal carotid steno-occlusion (ICS)
compared to the other normal (both TSH and f-T4) thyroid
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Figure 1. Flowchart of the search strategy.



groups (p=0.012). In addition, the percentages of ICS in the
patients with subclinical hypothyroidism and those with low
values of FT4 (<11 pmol/l) were similar to that of the low-
normal FT4 group. 

On the contrary, several studies have failed to show any
correlation between SH and carotid atherosclerosis. In a cohort
of 21,342, Kim et al. (34) did not have identify any changes
in the frequency of the development of carotid plaques in SH
adults with thyroid dysfunction during a 5-year follow-up. The
prevalence of carotid plaques at baseline was significantly
different among the three groups (56.6% for SH, 47.8% for
euthyroid patients, 48.0% for subclinical hyperthyroidism;
p=0.012). FT4 was not a significant risk factor for carotid
plaque formation in either patients with SH (p=0.164) or with
euthyroidism (p=0.311). Univariable analysis showed that the
cumulative incidence of carotid plaque formation throughout
the follow-up was not significantly different between SH and
euthyroid patients (p=0.281). Similarly, Almeida et al. (35)
have suggested that mild SH with no related metabolic
changes is not associated with increased cardiovascular risk,
as reflected by  CIMT. In particular, no differences in
mean  carotid  IMT were identified between patients and
controls (p=0.904). Similar results were found when dividing
the cohort into subgroups with serum TSH lower or higher
than 8 mIU/l, i.e. no differences in the lipid profile and in the
apoprotein B and Lp(a) levels. Kim et al. (21) have studied
the association between SH and CIMT and found that CIMT
was significantly higher in patients with SH and overt
hypothyroidism compared to euthyroid controls (p<0.05).
However, in a multivariate regression model that explained the
variation in the CIMT, TSH and FT4 did not have a significant
contribution to the CIMT, whereas other parameters, such as
age, systolic blood pressure and LDL-cholesterol had.

As far as hyperthyroidism is concerned, Feng et al. (19)
have evaluated the carotid artery wall-thickness in 180
female patients with Hashimoto thyroiditis, who were
assigned to three groups on the basis of laboratory testing:
i) hyperthyroidism, ii) hypothyroidism and iii) euthyroid.
IMT was significantly higher in the hyperthyroidism group
than in controls (p<0.05) or the other groups (p<0.05).
Delitala et al. (4) have examined the association of
subclinical thyroid dysfunctions with arterial thickening and
plaque, including 5,815 subjects in their study. They
concluded that thyroid hormone is not associated with
increased IMT or with the presence of carotid artery plaque.
Moreover, they didn’t support the idea that treating
subclinical disorders might help to prevent arterial
remodeling and carotid atherosclerosis. Subclinical
hyperthyroid patients showed greater IMT compared to
euthyroid and SH subjects. Also, TSH was negatively
correlated with IMT. Furthermore, the frequency of carotid
plaques varied according to the thyroid function (p=0.003),
as it was higher among subclinical hyperthyroid patients

compared to euthyroid and patients with SH. Volzke et al.
(36) have investigated possible associations between thyroid
dysfunction and carotid CIMT, including 29 participants with
elevated serum TSH levels and 300 participants with
decreased serum TSH levels. They found that higher IMT
was observed in patients with hyperthyroidism and it was
significantly lower in subjects with elevated serum TSH
levels. The difference in IMT between euthyroid individuals
and subjects with decreased serum TSH was also statistically
significant. They concluded that there is an independent
association between thyroid function and the IMT of the
carotid artery (p<0.01). In accordance with this, Jorde et al.
(7) have measured the CIMT in 2,034 subjects, classified in
three groups depending on their serum TSH. They concluded
that, although subjects in the low serum TSH group had a
higher mean IMT compared to those with normal and high
serum TSH, the differences were not significant when
adjusted for other characteristics (age, gender, smoking
status, body mass index).

Table I summarizes the selected studies evaluating the
effect of thyroid function on carotid artery atherosclerosis.

Effect of L-T4 replacement. Some studies associate thyroid
hormone replacement and the consequent normalization of
thyroid function with a reversal of endothelial dysfunction. In
particular, Ghasemi et al. (26) have evaluated CIMT after
normalization of thyroid function with L-thyroxine treatment
for one year. After 12-14 months of thyroid function
normalization, the mean CIMT decreased in SH patients
significantly (p<0.001). According to Monzani et al. (6), six
months of stable thyroid function can lead to a significant
decrease of mean-IMT. Although still slightly higher than in
euthyroid controls (p=0.056), mean-IMT of the L-T4 treated
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group was significantly lower (p=0.03) compared to the
placebo-treated group. Cikim et al. (28) have also found that
LT4 therapy can lead to a significant reduction in IMT aFTer
a 5-month stable euthyroid state. Nagasaki et al. (33) have
examined the effect of L-T4 treatment on the two parameters
mentioned above at least one year aFTer normalization of
thyroid function. Mean arterial stiffness β-index and CIMT
decreased significantly (p<0.05 and p<0.0001, respectively).
Moreover, both values did not differ significantly from those
obtained for normal controls (p=0.562 and p=0.897,
respectively). Duman et al. (29) have concluded that L-T4
replacement causes a significant reduction in IMT (p=0.0001).

Other studies have yielded contradictory results. Blum et
al. (37), in a double-blind, randomized, placebo-controlled
trial of 185 elderly participants, have assessed the impact of
SH treatment using levothyroxine on carotid atherosclerosis.
After a median treatment of 18.4 months, mean CIMT did
not differ significantly between the levothyroxine and the
placebo group (p=0.30). Additionally, the proportion of
carotid plaque and maximum carotid plaque thickness were
similar in the two groups. Kim et al. (21) have tried to
determine whether thyroid hormone replacement can reverse
the change in the CIMT. One year after achieving a
euthyroid state, there was a significant decrease in the CIMT
(p=0.021); however, when the change in the CIMT was used

as an dependent variable in multiple regression analysis, the
absolute decrement of the CIMT was independently
associated with the absolute reduction in LDL-cholesterol
levels, but not with the reduction in TSH levels. Therefore,
the regression of the increased CIMT after thyroid hormone
replacement was attributed to the improvement of the lipid
profile. Cabral et al. (3) have examined the effect of L-T4
replacement on endothelial function and CIMT in female
patients with mild SH. The patients were randomly assigned
to 12 months of L-T4 replacement or no treatment. The
results did not show any correlation between the carotid IMT
and the studied variables or a reduction of CIMT after one
year of LT4 treatment. On the other hand, when users and
non-users of thyroxine were compared in the study of Jorde
et al. (7), patients on thyroxine had a significantly higher
IMT (p<0.01).

Table II summarizes the studies evaluating the effect of
LT4 replacement on atherosclerosis.

Discussion

The association between thyroid dysfunction and abnormal
IMT might be supported by many mechanistic studies in
experimental and clinical settings. Hyperthyroidism induces
peripheral vasodilatation, that in turn, results into decreased
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Table I. Studies that evaluate the effect of thyroid function on carotid artery atherosclerosis. 

Parameter Author Year N Subjects Controls p-Value

IMT Franzoni 2007 72 0.6mm 0.8 mm <0.0001
IMT Feng 2015 180 513 μm 513 μm <0.05
Stiffness 10.9 8.08 >0.05

IMT Volzke 2004 2,086 0.831 mm 0.841 mm >0.05
ICS Jeong 2010 382 33.3% 17.8% 0.004
IMT Monzani 2004 77 0.75 mm 0.63 mm <0.01
IMT Jorde 2008 2034 0.84 mm 0.84 mm >0.05
CAROTID Kim 2017 21,342 55.6% 47.8% <0.05
PLAQUES

IMT Boskus 2016 52 0.8 mm 0.54 mm 0.002
IMT Peixoto 2016 8623 0.6 mm 0.56 mm <0.0001
IMT Knapp 2012 55 0.64 mm 0.32 mm <0.001
IMT Valentina 2011 99 0.61 mm 0.56 mm 0.034
Carotid Plaques 10.1% 3.3% -

Stiffness Tian 2010 183 9.83 7.54 0.022
IMT Ghasemi 2010 78 - - 0.01
IMT Saif 2018 110         0.7 mm 0.45 mm <0.001
IMT Kim 2009 108 0.66 mm 0.57 mm <0.05
IMT Cikim 2004 61 0.55 mm 0.54 mm >0.05
IMT Duman 2007 60 0.66 mm 0.54 mm 0.0001
IMT Nagasaki 2004 60 0.63 mm 0.54 mm 0.004
Stiffness 9.46 8.02 0.047

IMT Unal 2017 76 0.5 mm 0.4 mm 0.001
IMT Balci 2016 84 0.48 mm 0.43 mm 0.001

N: Sample size; SH: subclinical hypothyroidism; IMT: intima-media thickness; ICS: internal carotid artery steno-occlusion.



renal perfusion and activation of the renin-angiotensin axis.
The latter might lead to stimulation of vascular smooth
muscle cell growth and matrix biosynthesis. Vascular
hypertrophy is strongly linked to increased vascular
resistance and stiffness (15, 30). Similar findings have been
recently found in patients with Graves’ disease (38, 39).
Even if it is not fully elucidated whether additional
mechanisms can provoke an increase in the thickness of
arterial vessel wall in hyperthyroidism, an increased IMT
probably reflects a homeostatic vascular wall response to
changes in shear and tensile stress. Similar phenomena might
be caused by hyperthyroidism via increased heart rate and
pulse pressure (36).

The collected studies have assessed the relationship
between thyroid dysfunction and a risk for atherosclerosis;
however, they have yielded contradictory results, with some
of them showing that hyper or hypothyroidism, overt or
subclinical, can increase cardiovascular risk when other
studies showing no such effect. This controversy may be
attributed to study design heterogeneity and inherent
limitations, including short follow-up periods, inclusion of
patients in thyroid hormone replacement or medications that
affect the lipid profile, or even heterogeneous causes of
hypothyroidism. Heterogeneity in methodology, especially as
far as IMT measurement and carotid artery evaluation is
concerned, might be another source of bias on top of the
small sample sizes and inconsistent ranges of normality of
thyroid hormones (4). Of note, SH can improve or worsen
during the follow-up period, thus, a single set of thyroid
hormone levels could result in a false diagnosis of transient
subclinical thyroid dysfunction, that in turn might confound
the real effects of SH on carotid atherosclerosis. By excluding
transient SH dysfunction, the effects of sustained SH on
carotid atherosclerosis can be assessed more accurately (34). 

Whether L-T4 replacement can decrease the cardiovascular
risk or even inhibit the progression of vascular wall lesions
in SH is still under debate, as illustrated by the contradictory
results of the reviewed studies. The interpretation of the

results is dependent on the effectiveness of each treatment.
The latter has implications on the interpretation of the optimal
values for TSH in patients with SH under L-T4 replacement
treatment. According to the literature, these optimal values
are unclear. As shown in some studies, it is not uncommon
for patients in clinical trials to be outside the therapeutic
target by the end of the study period as these values define
(3). Moreover, in patients on substitution therapy it is not
easy to achieve TSH target since it is unlikely to reliably
reproduce the fluctuating endogenous production of thyroid
hormones (40). Similarly, some of the subjects on thyroxine
might be undertreated, possibly leading to a higher IMT.
Interestingly, subjects overtreated may also present with an
increased IMT (7). Other potential explanation for the
negative findings may be the lack of between-group
differences in cardiovascular risk factors, including LDL
cholesterol levels (41). Finally, underlying diseases
necessitating substitution therapy with thyroxine, such as
autoimmune hypothyroidism or hypothyroidism following
treatment for thyroid nodular disease or Graves’ disease, may
also predispose for cardiovascular disease (7), which cannot
be prevented or reversed by thyroxine (42).

It is also remarkable that IMT measurements vary among
some studies. This can be due to many reasons. Firstly, the
predictive value of IMT for atherosclerosis is dependent on
the measurement technique. Since IMT calculation includes
both the intimal and the medial layer, medial hypertrophy
due to thyroid dysfunction can affect the results. For
example, increased IMT in the common carotid artery, where
blood flow is laminar, may be more reflective of a medial
hypertrophy than of true intimal atherosclerosis (36).
Secondly, many studies might have included plaques in the
measurements of IMT, especially if these were located in
areas predefined for IMT measurement. Thirdly, differences
among IMT measurements could be due to other
determinants of the IMT thickness, such as mean cholesterol,
hypertension or age (19). IMT increases linearly with age
even in subjects without atherosclerotic disease, probably as
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Table II. Studies that evaluate the effect of LT4 replacement on atherosclerosis. N: Sample size; IMT: intima-media thickness; L-T4: L-thyroxine.

LT4 Therapy Author Year N Subjects Controls p-Value

IMT Monzani 2004 77 0.67 mm 0.77 mm 0.03
IMT Jorde 2008 2034 0.88 mm 0.83 mm <0.01
IMT Blue 2018 185 0.85 mm 0.83 mm 0.3
IMT Cabral 2011 32 0.66 mm 0.67 mm >0.05
IMT Ghasemi 2010 78 - - <0.001
IMT Kim 2009 108 0.60 mm 0.67 mm 0.021
IMT Duman 2007 60 0.55 mm 0.65 mm <0.001
IMT Nagasaki 2004 60 0.55 mm 0.63 mm <0.0001
Stiffness 7.58 9.46 0.027



a reflection of senescence-related inflammation. Even if they
are distinct entities, atherosclerosis and aging-induced
arterial remodeling seem to respond to the same biochemical,
inflammatory and metabolic factors and should be
considered closely related (43-46).

Another fact that is worth mentioning is that the majority
of authors have examined the effect between TSH and
cardiovascular risk and not FT3 or FT4. Contrary to serum
TSH levels, serum FT3 and FT4 levels are less sensitive and
specific in diagnosing thyroid dysfunction (28) since critical
illness and medication can affect these levels. Also, solitary
measurements of serum FT3 and FT4 are not sufficient to
establish the diagnosis of SH. This could potentially explain
why the thyroid function index and TSH groups, but not FT3
and FT4, were independently associated with IMT (35).

In conclusion, most of the collected studies correspond
with the fact that thyroid dysfunction is associated with
arterial wall remodeling and, thus, with an increased
cardiovascular risk, while others object to this finding. These
diverging observations are hard to reconcile and the relation
between thyroid disorders and pathological structural
changes of the arterial wall is, therefore, still unsettled. As a
result, further large randomized controlled studies are
required to definitively assess this relation and the extent to
which T4 replacement therapy might benefit patients with
subclinical thyroid disorders.
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