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ABSTRACT

L-thyroxine (LT4) treatment of hypothyroidism, particularly in patients with thyroid- stimulat-
ing hormone (TSH) >10mU/L, results in improved lipid profile, as L.T4 stimulates low-density
lipoprotein cholesterol (LDL-C) degradation and the conversion of cholesterol in bile acids
by inducing LDL-receptor and 7 alpha hydroxylase expression, respectively. Statins decrease
total cholesterol (TC) and LDL-C mainly by suppressing 3-hydroxy-3-methylglutaryl coen-
zyme A activity. Therefore, the addition of statins to LT4 treatment, following the reversal of
hypothyroidism, acts synergistically and forms a powerful treatment modality in patients with
this condition whose serum lipids have not achieved the target. Statin add-on therapies, such
as ezetimibe (EZE) and the recently approved proprotein convertase subtilisin/kexin type 9
(PCSKY9) inhibitors, in conjunction with L.T4 therapy, produce an even more favorable profile.
Ezetimibe blocks the intestinal absorption of cholesterol, while in patients with heterozygous
familiar hyperlipidemia, PCSK9 inhibitors suppress PCSK9, thereby promoting LDL-C deg-
radation. The synergy of these drugs results in a far better lipidemic profile than when each
drug is administered alone, with LT4 treatment clearly enhancing, in many respects, the ef-
ficacy of therapy.
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INTRODUCTION

Thyroid hormones are known to be the main
regulators of total cholesterol (TC) and lipoprotein-
cholesterol metabolism.' In this context, the impact
of hypothyroidism, often linked to excess TC and
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low-density lipoprotein cholesterol (LDL-C), on the
arterial vessels was reported about 50 years ago when
Steinberg, in an autopsy study, identified the narrowing
of coronary arteries in myxedema and hypertensive
patients.”> Some years later, Bastenie demonstrated
that asymptomatic thyroid autoimmune disease, in-
dependently of other known risk factors, may be a
predictor of subsequent development of coronary
heart disease (CHD), the risk increasing with age.?
Though cardiovascular disease (CVD) has remained
for several decades a leading cause of death worldwide,
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areduction in TC from 1980 to 2000 brought about a
33% decrease in CHD deaths in the United States and
a 19%-46% decrease in other developed countries.* In
the meantime, LDL-C has widely substituted TC as a
risk biomarker and now forms the primary treatment
target for hyperlipidemia. In the framework of this
endeavor, it has been shown that a decline in LDL-C
levels by means of statin-based therapies leads in a
constant and graded manner to a decline in the risk
of nonfatal CV events and mortality.* A long-term
evaluation of three studies disclosed that men with
serum TC levels of 240 mg/dL or greater (>6.21
mmol/L) had a 1-1.5 higher risk of CHD mortality
compared to those with TC levels below 200 mg/dL
[<5.17 mmol/L]), while the CVD disease mortality
risk was 2.10 to 2.87 times greater.’ It is of note that
in patients <50 years of age, TC levels were directly
related to CVD mortality by 9% for each 10 mg/dL
TC, this clearly demonstrating that low TC improves
longevity.® In contrast, after the age 50 years there
was no increased overall mortality with either high
or low serum TC levels, probably due to the pres-
ence of comorbidities influencing mortality. In this
line of evidence, a trajectory analysis using a mixed
modeling approach in the Framingham Offspring
Study revealed an independent association between
early adult exposures to elevated LDL-C and diastolic
blood pressure (DBP) and CHD events later in life.”
Hence, it is recommended that LDL-cholesterol be
reduced in accordance with each patient’s risk profile.’

Statins are considered the standard of care, since
for more than three decades they have proven to be
relatively safe and reliable agents in reducing TC and
LDL-C, while they retard progression and even induce
regression of mild noncalcified coronary plaque.®’ In
cases in which LDL-C should be further decreased,
other compounds, such as ezetimibe (EZE), can be
added.'’ Nevertheless, in patients with very high LDL-
C, i.e. above 200 mg/dl, as, for example, those with
familiar hypercholesterolemia, the target is often not
met. The recently introduced proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors are indicated
primarily for heterozygous familiar hyperlipidemia
(HeFH) patients, statin-intolerant patients and those at
high CVD risk who are not able to reach the LDL-C
target level with a high-potency statin dose."

It is notable that the American College of Cardi-

ology (ACC)/American Heart Association (AHA)
(ACC/AHA) 2013 guidelines favor a statin-oriented
approach based on randomized trials alone.'? However,
while the recommendation of specific statin regimens
usually results in a substantial reduction in LDL-C,
it may negatively impact patient engagement and
adherence to treatment, consequently leading to the
under-treatment of high-risk patients." Indeed, a recent
study aiming to determine and compare the extent
of lipid-lowering treatment with regard to whether
to pursue LDL-C treatment targets has reported that
in spite of statin therapy, LDL-C values were high,
substantially missing the targer, particularly in high-
risk patients.'* These results point to the need for the
optimization of existing treatment strategies and an
interactive effort to improve therapeutic management
in clinical practice.

In this connection, it should be remembered that
endocrine diseases, the commonest being hypothy-
roidism and type 2 diabetes mellitus, may induce or
exacerbate existing dyslipidemia and impede achieve-
ment of optimal results through hypolipidemic drugs,
bearing in mind that the prevalence of hypothyroidism
is 4.3% in patients with hypercholesterolemia.'> There-
fore, patients with dyslipidemia should be regularly
checked for thyroid dysfunction, while cholesterol
and its subfractions should be monitored in patients
with thyroid failure.

This review aims to assess the impact of thyroid
hormones (TH) on lipids, particularly in manifested
and subclinical thyroid failure. In parallel, it will
emphasize the diverse mechanisms of action and
the significance of the synergistic effect of thyroxine
treatment in conjunction with statins and new hypolipi-
demic compounds in patients with hypothyroidism
and dyslipidemia.

THYROID HORMONES AND LIPIDS
IN MANIFESTED HYPOTHYROIDISM

Manifested hypothyroidism is marked by increased
hypercholesterolemia, and especially of LDL-C and
apolipoprotein B (apo B).'!” This is due a) to de-
creased fractional clearance of LDL by the reduced
number of LDL receptors (LDL-R) in the liver and
b) to diminishing control by T3 over sterol regulatory
element-binding protein 2 (SREBP-2), which is crucial
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for the expression of the LDL-R.!® Interestingly, there
are the same alterations of lipoprotein in hypothyroid-
ism as in homozygous familial hypercholesterolemia
(HFH), thus indicating the existence of an intrinsic
and almost total defect of receptor-mediated LDL
catabolism in HFH similar to the analogous but re-
versible abnormality in hypothyroidism.!

The action of TH on bile acids (BA) has recently
emerged as a discernible hypocholesterolemic effect.
Elevated levels of bile acids cause depletion of the
hepatic cholesterol pool followed by an increase in
the synthesis of cholesterol in the liver and the hepatic
uptake of cholesterol from the circulation. In fact, it
has been reported that TH can promote BA synthesis
by stimulating the rate-limiting enzyme cholesterol
Ta-hydroxylase (CYP7A1), akey element in cholesterol
catabolism, as shown in mice' and lately in humans,?
thus lowering plasma cholesterol levels. Data concern-
ing hypothyroidism and BA are scarce; however, it
has recently been reported that thyroid-stimulating
hormone (TSH) per se may directly diminish liver
BA synthesis via the SREBP-2/HNF-4q (hepatocyte
nuclear factor 4)/CYP7A1) pathway in vivo and in
vitro.?! Since TSH is increased in all forms of primary
hypothyroidism, a direct negative action of TSH in the
liver may be an alternative explanation for the detri-
mental effect of the lack of TH in lipid metabolism.

High-density lipoprotein (HDL) levels are normal
or even elevated in severe hypothyroidism because
of reduced activity of cholesteryl-ester transfer pro-
tein (CETP) and hepatic lipase (HL), which are both
enzymes regulated by TH.?*?* Apart from its role in
HDL regulation, HL is involved in the conversion
of intermediate density lipoproteins (IDL) to LDL.?*
Moreover, its diminished activity in hypothyroid-
ism has been associated with the accumulation of
remnant-like particles (RLP) in the serum of hypothy-
roid patients.?> Remnant cholesterol is a contributor
to residual cardiovascular risk and represents the
cholesterol content of a subset of triglyceride-rich
lipoproteins that include chylomicron remnants, very
low-density lipoprotein (VLDL) and intermediate
density lipoprotein (IDL) in the nonfasting state,
and VLDL and IDL in the fasting state.”® Therefore,
the accumulation of triglyceride-rich lipoproteins in
hypothyroid patients may be considered as part of the
atherogenic scenario in these patients. With regard to

triglyceride levels in a hypothyroid condition, they
tend to be high, mainly due to reduced activity of
the enzymes involved as lipoprotein lipase (LPL)%
and HL? and/or on account of enhanced triglyceride
hepatic synthesis.?

A well known study from the Mayo Clinic® revealed
that of 295 hypothyroid patients 56% had Frederickson
type Ila dyslipidemia (hypercholesterolemia), 34%
type IIb (hypercholesterolemia + hypertriglyceridemia)
and 1.5% type IV (hypertriglyceridemia), while only
8.5 had no lipid alterations. These abnormalities of
lipoprotein metabolism that present in almost 90% of
hypothyroid patients underscore once more the need
to rule out the possible presence of hypothyroidism
in every dyslipidemic patient.*

THYROID HORMONE AND LIPIDS
IN SUBCLINICAL HYPOTHYROIDISM

Subclinical hypothyroidism (SCH) is defined bio-
chemically by elevated levels of TSH while TH levels
are still within the normal range. Its prevalence has
been reported in about 6% of the general popula-
tion, although it may be 20% and above in women
over 60 years old. Since SCH has been linked to
cardiovascular risk, all the most recent authoritative
Society Guidelines advocate aggressive case find-
ing in subjects with any kind of cardiovascular risk,
including dyslipidemia.?%-

It is noteworthy that in SCH and hypercholes-
terolemic patients, serum TSH and BA levels were
significantly and negatively correlated.’®> Each 1
ulU/mL increase in TSH level was a decrease in
log-transformed values of total BAs by 0.182, after
adjustment for confounding factors, including TH,
this suggesting that TSH is correlated with the total
BA level independently of thyroid hormone. Interest-
ingly, the association between TSH and serum total
BAs was stronger in subjects younger than 65 years.**

The quantitative lipid changes described in SCH
have recently been evaluated in a meta-analysis that
included 16 observational studies. It was shown that
serum TC, LDL-C and triglyceride levels were sig-
nificantly elevated in patients with SCH compared
with euthyroid individuals,*® the weighted mean dif-
ferences being 12.17 mg/dl, 7.01 mg/dl and 13.19
mg/dl, respectively (P<0.001 for all).
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A prospective cohort study designed to determine
the relationship between baseline thyroid status and
incident atrial fibrillation, cardiovascular disease and
mortality in older men and women not taking thyroid
medication recruited a total of 3,233 US community-
dwelling individuals aged 65 years or older.*® While
an association between subclinical hyperthyroidism
and development of atrial fibrillation was observed,
there was no finding of an association between sub-
clinical hypothyroidism and cardiovascular disorders
or mortality.3

Moreover, although levothyroxine (LT4) reverses
the lipid alterations in manifested hypothyroidism,
especially in patients with TSH above 10 mU/L,’
there is still controversy as to whether to prescribe
treatment in SCH with this goal. It has also been
demonstrated that treatment may improve carotid
intima media thickness and other markers associ-
ated with CV disease, such as indices of endothelial
function.’” However, in a recent evidence review of
the U.S. Preventive Services Task Force, including
MEDLINE and Cochrane databases through July
2014, it was observed that differences between treat-
ment with levothyroxine and no treatment in TC and
LDL-C ranged from -8 to 0 mg/dL and -22 to 2 mg/
dl, respectively.’®

Though there is still a need for larger, randomized
trials to elucidate this issue, a potential beneficial
effect on lipid levels upon treatment can be inferred
from this analysis.

Another important aspect is the quality of lipo-
proteins in SCH patients. As mentioned, impaired
lipoprotein structure, such as in triglyceride-rich
lipoproteins, has been associated with higher car-
diovascular risk. These heterogeneous particles have
reduced LDL-R affinity and accumulate in the sub-
endothelial space where they are prone to oxidative
modification and participate in the initiating event in
atherogenesis.” However, structural abnormalities
of lipoproteins cannot be detected in routine blood
tests and, unless specific measurements are obtained,
they often go undiagnosed. In SCH there have been
reports of augmented oxidation of LDL particles,*
increased postprandial lipemia,*' impaired chemi-
cal composition with triglyceride enrichment of the
LDL particle*> and qualitative evidence of RLP in

the fasting serum of SCH women.* As regards RLP
quantification, particularly high levels have been
reported both in Japanese* and Argentinian*® cohorts
of SCH patients. In addition, it was shown that the
levels of these atherogenic particles decrease with
levothyroxine, this probably related to increased
degradation by LH.*® Taken together, these findings
suggest that SCH patients, even those with a normal
lipid profile, are exposed to an elevated atherogenic
risk due to the presence of LDL particles of altered
composition, together with an accumulation of remnant
lipoproteins that may be attributable to reduced HL
activity. However, all these changes are reversible
upon levothyroxine treatment.

COMBINATION THERAPY

Thyroid hormones and statins

It is well known that high levels of LDL-C, as well
as of its structural protein, apo B 100, are directly
associated with risk for atherosclerotic cardiovascu-
lar events,* infiltration and retention of apo B-100
containing lipoproteins in the artery wall being a
determinant event that ignites inflammation and pro-
motes the development of atherosclerosis.

3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors (statins) significantly lower
LDL-C levels, resulting in a reduction in the risk of
nonfatal CV events mortality in a continuous and
graded manner over a wide range of baseline risk
factors and LDL-C values.* In hypothyroid patients
treatment with LT4 usually decreases both TC and
LDL-C;* however, the effect of LT4 treatment on
lipids, despite implementation of lifestyle modifica-
tions, is often not enough to achieve the therapeutic
target, this dictating the use of statins. Of particular
note in this respect is the fact that the addition of
statins to LT4 therapy results in a greater reduction of
TC and LDL-C than when each drug is administered
singly. The mechanism is synergistic, LT4 primarily
acting by inducing LDL-R expression and acceler-
ating the degradation of LDL-C, and secondarily
by inducing Cyp7al expression that stimulates the
conversion and excretion of cholesterol as bile acids.
Meanwhile, statins block the synthesis of cholesterol
in the liver by inhibiting HMG-CoA reductase activ-
ity*® (Figure 1).
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A recent retrospective population study, includ-
ing 10,999 patients, was designed to determine the
extent of drug interactions affecting LT4 intake over
a follow-up of 20 years. It was shown that the ad-
ministration of statins to the patients on long-term
levothyroxine therapy resulted in a decrease of TSH
by 0-17 mU/I concentration, while TSH diminished
by 5 mU/1 in 3-7% of the study patients.*” Although
these results await further confirmation, they may
indicate a significant interaction of statins with LT4.
On the other hand, other studies failed to find any
interaction between statins and LT4, although these
were smaller studies and of a much shorter follow-
up period.>*!

Statins are likely to have an immune-modulatory
role in thyroid autoimmunity, as in vivo and in vitro
studies showed an increase in serum FT3, FT4, and
concomitantly a reduction in TSH levels, while CD4+

L-Thyroxine

7 alpha-hydroxylase

cells and B lymphocytes rose and CD8+ cells, natural
killer cells and activated T lymphocytes significantly
diminished.? According to the authors, these results
are mediated by activation of apoptosis by the statins.
These findings were indirectly corroborated by another
study using high-dose statin therapy and reporting a
significant reduction of thyroid peroxidase antibodies
(TPOAB) and a decline in thyroglobulin antibod-
ies (TgAB) in women with Hashimoto thyroiditis.
However, this was reversed when the statin dose was
reduced and EZE was added, indicating that statins
have an effect on markers of autoimmunity when
administered at a high dose. This can probably be
related to the reduction of inflammation following
the decrease of cholesterol production. In this line
of evidence, it was recently reported that statins sig-
nificantly lower systemic inflammation as measured
by C-reactive protein,* also that statins are protec-
tive against inflammatory gastrointestinal diseases
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Figure 1. By enhancing 7 alpha hydroxylase and LDL-receptor expression at the hepatocyte, thyroid hormone regulates the catabolism
of cholesterol. Statins inhibit the synthesis of cholesterol by suppressing the activity of 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase (HMG-CoA), while ezetimibe, by inhibiting the Niemann-Pick C1-Like 1 (NPCIL1) sterol receptor in intestinal enterocytes and
within the liver, significantly blocks exogenous cholesterol absorption. Proprotein convertase subtilisin/kexin type 9 (PCSK9) blockers
inhibit the internalization of the LDL-receptor and promote LDL-C degradation.
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like Crohn’s disease and ulcerative colitis. Also of
interest is a recent retrospective study evaluating 135
dyslipidemic patients receiving statin therapy for at
least 5 years who were compared with 137 controls.
Those treated with statins showed a remarkably lower
prevalence of thyroid nodules (36.3% vs. 67.9%, P
<0.001) and a reduced number and smaller total vol-
ume of lesions as compared with the control group.
According to the authors, an anti-proliferative and/or
pro-apoptotic effect of long-term statin treatment on
thyroid cells might be an explanation.>

However, caution is required in treating manifested
and subclinical hypothyroid patients with statins, as
hypothyroid patients are more likely to have adverse
muscle effects and increased serum levels of creatine
kinase (CK).*®* Muscle syndromes are, in fact, the
most common side effects following initiation of
statin therapy, being observed in about 10-15% of
patients.’” Accordingly, since the administration of
statins before the achievement of euthyroidism may
exacerbate myalgias or else cause rhabdomyoysis
marked by extreme levels of CK, it is crucial that
treatment with statins be preceded by the chemical
reversal of hypothyroidism. In this connection, the
recent statement of the European Atherosclerosis So-
ciety (EAS) has introduced the term statin-associated
muscle symptoms (SAMS), replacing the term ‘statin
intolerance’.>®

Moreover, in patients with thyroid cancer in prepara-
tion for radioiodine scan and treatment, withdrawal of
LT4 should be exercised with extreme care and close
monitoring, since severe myopathy in such patients
has been reported.” If indicated, recombinant human
TSH injections should be preferred to levothyroxine
withdrawal in the latter cases.

Another effect of statins is inhibition of Sec-tRNA
isopentenylation, a side road of the mevalonate path-
way.”? Sec-tRNA isopentenylation functionally re-
quires isopentenyl pyrophosphate, which forms the
core of cholesterol building and whose suppression
may result in a decrease of selenoprotein expression:
this possibly explains some of the pleiotropic effects
of statins, such as immunosuppressive and redox
activity.”® Since chronic administration of statins is
therefore likely to seriously impact the function of
selenium-dependent selenoproteins, periodic meas-

urement of serum selenium or selenoprotein P, the
storage protein of selenium, is advisable.

Thyroid hormones and ezetimibe

Despite a 25-30% reduction in CVD risk with
LDL-C lowering strategies, there is still a significant
residual risk, and in such cases where the LDL-C
target is not achieved with statin treatment it has been
proposed that EZE should be added.®® Adding EZE
to statins monotherapy offers a reasonable and safe
treatment option to enable patients at persistent risk
of CHD to achieve the aggressive LDL-C-lowering
goals recommended by recent treatment guidelines.
EZE binds to an extracellular loop of the Niemann-
Pick C1-Like 1 (NPC1L1) sterol receptor on intestinal
enterocytes and inhibits its sterol transport function.*!
NPCIL1 localizes to the brush border membrane of
absorptive enterocytes in the small intestine and its
intestinal expression is downregulated by nutritive high
cholesterol levels.®! Thus, by inhibiting the NPC1L1
sterol receptor in intestinal enterocytes and within the
liver, EZE selectively blocks exogenous cholesterol
absorption and decreases intestinal delivery of choles-
terol to the liver. Furthermore, the addition of the latter
drug has been recorded as substantially augmenting
the rate of ESC/EAS LDL-C target achievement, thus
further decreasing LDL-C by 15% to 20% while also
increasing the rate of the LDL-C lowering response
proposed by the ACC/AHA.'>"* In the IMPROVE-IT
study, the largest and longest study of lipid-lowering
drugs including 18,000 high-risk CV patients, the
addition of EZE to simvastatin versus simvastatin
monotherapy significantly reduced the primary CV
endpoint from 34.7% to 32.7% within 7 years.*> The
combination of a statin with EZE represents an attrac-
tive strategy for cholesterol-lowering treatment, as both
sources of cholesterol are inhibited: a) endogenous
biosynthesis (inhibited by statins), b) absorption from
the intestine (inhibited by EZE).

Acrecent 6-week, double-blind, randomized, parallel
group study of 1,128 subjects with hypercholester-
olemia evaluated the effects of metabolic syndrome
(MetS) factors and insulin resistance on EZE/simv-
astatin and/or atorvastatin treatment efficacy in pa-
tients with MetS.% It is worth mentioning that while
the magnitude of lipid-altering effects produced by
each treatment regimen was relatively similar, the
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EZE/simvastatin group exhibited a greater percent
reduction in lipid fractions than atorvastatin alone.

It is of particular interest that in patients under
treatment with LT4, the co-administration of EZE
does not significantly affect LT4 absorption,** EZE
being expressed in macrophages at a much lower rate
than in enterocytes.*>% In human macrophages, EZE,
by binding to specific cell surface receptors, may
exert pleiotropic effects by decreasing the number of
monocytes/macrophages in atherosclerotic lesions.®
EZE can also reduce the lymphocyte secretory func-
tion, while it enhances the statin suppressive effect
on lymphocyte cytokine release.®*¢ It is well known
that monocytes/macrophages and lymphocytes play
an important role in the progression of autoimmunity,
thus EZE may theoretically alleviate the inflamma-
tory process in patients with autoimmune disorders,
particularly when administered with statins which
possess immunosuppressive properties®’ (Figure 2).
EZE has not been related to any muscle side effects,
although information regarding hypothyroid patients
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under treatment with EZE or with PCSK9 is not at
present available.

It is also worth noting that in hypophysectomized
rats, the absorption of dietary cholesterol is under pi-
tuitary control exerted by TH. Secretion of cholesterol
into bile is an important step for the elimination of
cholesterol from the body via adenosine triphosphate
(ATP)-binding cassette, subfamily G (WHITE), mem-
ber 5 (ABCG5) and ABCG5/G8 transporters.®® The
expression of both transporters is stimulated by TH
treatment.®” Thus, hepatic ABCG5/G8 overexpres-
sion induced by TH may increase biliary excretion,
resulting in reduction of atherogenic risk. On the
other hand, it has been revealed that the expression
of Niemann-Pick C2 (NPC2)—a cholesterol-binding
protein secreted by the biliary system—positively
regulates the biliary secretion of cholesterol.”

Thyroid hormones and PCSK9

Proprotein CSK9, which is secreted by the liver
into the plasma, has been associated with higher
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Figure 2. The immune-modulatory effects of ezetimibe (EZE). EZE is expressed in macrophages by binding to specific cell surface
receptors, while it exerts pleiotropic effects by decreasing the number of monocytes/macrophages in atherosclerotic lesions and by
reducing the secretory function of lymphocytes. It can also enhance the statin suppressive effect on lymphocyte cytokine release. Thus,

EZE is likely to reduce the activation of macrophages by cytokines.
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CV risk and steatosis.”! It moreover binds to the
LDL-R on the surface of hepatocytes, thereby pre-
venting its recycling and enhancing its degradation
into lysosomes, leading to reduced LDL-cholesterol
clearance.”! The recent approval of the first two
monoclonal antibodies, alirocumab and evolocumab
which target PCSK9, provides an eclectic treatment
for patients with familiar hyperlipidemia (FH) and/
or those with CVD who are statin-resistant.”>’* Both
alirocumab and evolocumab brought about LDL-C
reductions of a similar magnitude to those seen in
non-FH subjects. FH is a dominantly inherited error
of metabolism, a life-threatening disease marked by
elevated plasma LDL-C and usually of very-low-
density lipoprotein (VLDL) remnants, xanthomas of
skin and tendons and premature heart disease due to
deposition of lipids in xanthomas and the coronary
arterial wall. ™ Deficiency of LDL-R accounts for
the increased plasma concentrations of LDL and
VLDL remnants in FH.” Meanwhile, the fractional
rates of catabolism of LDL and VLDL remnants
are low, with the clinical and biochemical aspects
being more prominent in homozygotes than in het-
erozygotes. In patients with HeFH, moderate-to-high
intensity statin therapy contributes to a lower risk of
CVD and mortality by up to 44%.7 Treatment with
statins increases plasma PCSK9 levels in proportion
to the magnitude of LDL-reduction,” this most prob-
ably constituting a compensating mechanism for the
increase in intrahepatic cholesterol induced by the
drugs. It can therefore be speculated that patients
with hypothyroidism under hypolipidemic treatment
may obtain additional benefit from levothyroxine
treatment through reduction of the levels of PCSK9.
In a multinational, cross-sectional, observational
study (DYSIS) of 54,811 adult outpatients receiv-
ing statin therapy, the percentages of patients with
high levels of LDL-C, accompanied by probable FH,
were assessed across 29 countries.” Interestingly,
despite intensive statin therapy, high LDL-C levels
and higher prevalence of FH were observed in some
countries and in younger age patients (45-54 years),
with CHD being exhibited in >60% of patients with
probable FH.”

The effects of TH on cholesterol include its action
on suppressing PCSK9, the latter gene being under

the regulatory control of SREBP2, which is regulated
in turn by T3.%° Recently it was tested whether, and to
what extent, plasma PCSK9 correlates with thyroid
function in euthyroid subjects who were non-obese and
in others who were obese to varying degrees.®' PCSK9
correlated positively with TSH in the non-obese but
not in the obese subjects. The effect of TSH on PCSK9
was blunted by increasing adiposity, supporting the
hypothesis that variations in thyroid function, even
within the euthyroid range, may influence lipoprotein
cholesterol metabolism.* The relation of TSH levels
to lipoproteins and hypercholesterolemia is linear in
euthyroid subjects, who display higher log TC and
log triglyceride levels characterized by increasing
serum TSH levels, the effects of TSH on TC levels
being both direct and indirect and acting probably
via the PCSK9 pathway in non-obese subjects, a
relationship that appears to be disturbed in obesity.
Moreover, PCSK9 may have a role within the context
of metabolic syndrome (MetS) and be associated with
such parameters as lipids, glucose homeostasis and
inflammation.®

It should be stated that in hyperthyroid individuals,
a concomitant reduction in LDL-C and PCSK9 levels
has been reported,® strongly indicating the existence
of alternative pathways, other than the transcriptional
stimulation of the LDL-R gene, whereby TH regulates
hepatic LDL-R

CONCLUSIONS

Given that thyroid hormone is the main regulator of
lipid metabolism, in cases of hypothyroidism, and by
extension of hyperlipidemia, cholesterol metabolism
is deranged to a larger or smaller degree depending
upon the disease type and its severity. While treatment
with LT4 alone reverses secondary hyperlipidemia,
when hyperlipidemia persists, as in cases of primary
hyperlipidemia or HeFH, administration of statins
together with ezetimibe add-on and PCSK9 inhibi-
tors should be considered. The combination of these
drugs is likely to augment the efficacy of the therapy
because of the multiple effects of LT4 at the molecular
level, while its benefit at the individual level is that
by permitting a potential reduction of statin dosage
it improves patient acceptance and compliance.
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