


"Data adapted from Elder and coworkers,2 with permission.
t Indicates different compared to the control (TSH 1.1-5.0) group, p< 0.05.

Table 1. Total Serum Cholesterol Levels
in a Group of Patients

Stratified by Circulating TSH Concentrations*

TSH range No. of Mean cholesterol
llU/ml patients mg/dl

1.1-5.0 390 231

5.1-10.0 130 244t

10.1-15.0 130 252t

15.1-20.0 81 248t

20.1-40.0 115 260t

40.0-80.0 99 310t

>80.0 73 348t

Overt Thyroid Disease and
Serum LDL Cholesterol

Increased levels of LDL (low den­
sity lipoprotein) cholesterol are a
consistent finding in clinically
apparent hypothyroidism associ­
ated with markedly elevated TSH
(thyroid stimulating hormone) lev­
els.2-6 Mean levels are increased by
30%-50% above normal (Table 1).
Cross-sectional comparisons of
unselected hypothyroid and control
patient groups, however, show sub­
stantial overlap in LDL cholesterol
concentrations. This overlap pri­
marily reflects the variable degrees
of hypothyroidism exhibited by
study subjects.

Thyroid hormone effects are
more evident in longitudinal stud­
ies of hypothyroid patients before
and after treatment, or in analyses
that correlate the cholesterol level
with various indices of thyroidal
status in individual subjects. In
patient populations spanning the
entire range of thyroidal states,
there is a negative correlation be-

tween indices of thyroid function
and LDL cholesteroP' 7-9 Signifi­
cant inverse linear relationships
were found between the LDL cho­
lesterollevel and the log of the free
T

3
concentration,9 and between the

estimated fractional occupancy of
nuclear T3receptors and the recip­
rocal of the total cholesterol
concentration7(Figure 1). These
relationships dictate a much
greater decrease in cholesterol in
the transition from hypo- to euthy­
roidism than in the change from
the euthyroid to the hyperthyroid
state. This prediction is fulfilled in
longitudinal treatment studies
showing a greater lowering of cho­
lesterol in patients with initial TSH
exceeding 40 llU/ml than in those
with lower baseline TSH.2 It is
therefore more difficult to docu­
ment a relationship between thy­
roidal status and cholesterol levels
within the normal or slightly de­
pressed ranges of thyroid function
than in overt hypothyroidism. This
poses a problem for studies de­
signed to correlate mild hypothy­
roidism with hypercholesterolemia,
as detailed below.

Normalization of LDL choles­
terol is achieved with doses of levo­
thyroxine that produce normal lev­
els of TSH.6,10 The hypercholester­
olemia of overt hypothyroidism is
corrected within 4 weeks ofinitia­
tion of a full replacement dose of
thyroxine.8 Persistence of hyper­
cholesterolemia beyond that 4-week
interval therefore suggests a super­
imposed hyperlipoproteinemia.

In spontaneous hyperthyroid­
ism, mean LDL cholesterol levels
are approximately 25% lower than
in the euthyroid state.9, 11 Women
receiving standard replacement
doses of thyroxine exhibited
slightly subnormal cholesterol lev­
els, suggesting an effect of mild
over-replacement. 12

Subclinical Hypothyroidism:
Does It Contribute to

Hypercholesterolemia?

The importance of subclinical hypo­
thyroidism as a cause of hypercho­
lesterolemia depends in part upon
the definition of "subclinical hypo­
thyroidism." As expected, there is
no significant correlation between
circulating TSH and LDL choles­
terol concentrations in normal sub­
jects.13 LDL-cholesterollevels in
patients with elevated TSH and
with T4levels maintained within
the normal range did not differ
from those of a control group.14
These patients had a mean TSH of
8.611U/ml. When subclinical hypo­
thyroidism was defined by the
maintenance of a normal T

3
level in

the face of a raised TSH, the sub­
clinical group demonstrated raised
LDL cholesteroJ.9 The mean TSH
in this group, however, was 6111U/
ml, a value that most clinicians
would not associate with clinically
inapparent disease. Two other au­
thors found statistically significant
hypercholesterolemia only in pa­
tient groups with TSH concentra­
tions exceeding 40 11U/m1,3, 4 A
larger study, however, did reveal a
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slightly, but significantly higher,
total cholesterol in those with TSH
levels between 5.1 and 10.0 !lVlml
than in those with TSH values of
1.1 to 5.0 !lV/ml (Table 1).2 These
observations highlight the low
slope of the curve describing the
relationship between TSH and
cholesterol levels near the euthy­
roid range.

Although most cross-sectional
studies have not had sufficient
power to disclose a relationship be­
tween mild hypothyroidism and hy­
percholesterolemia, longitudinal
studies employing paired observa­
tions have shown an effect of
therapy. Arem and Patsch have re­
cently reported the effect of re­
placement treatment in mildly hy­
pothyroid patients (mean TSH 16.6
!lV/mI)15 (Table 2). In their study,
mean LDL cholesterol concentra­
tions were significantly reduced by
22% after 2 and 4 months of
thyroxine therapy sufficient to nor­
malize, but not suppress, TSH. A
smaller decrement in cholesterol
(11%) after replacement therapy
was found in another study of hy­
pothyroid patients with baseline
TSH less than 40 !lU/m1. 2 Whether
or not the initial cholesterol value

exceeds the normal range, it ap­
pears that the treatment of mild
hypothyroidism results in theoreti­
cally desirable changes in the LDL
cholesterol concentration and in the
HDL:LDL-cholesterol ratio.

An epidemiologic study in Glas­
gow, Scotland, assessed the impor­
tance of hypothyroidism as a cause
of hypercholesterolemia in the gen­
eral population.16 Of 2,250
individuals surveyed, 90 were
found to have cholesterol values
greater than 310 mg/dl. Four of the
90 had overt hypothyroidism, while
eight showed elevated TSH (range
6 to 16 !lVlmI) and normal T4 con­
centrations. This prevalence of ele­
vated TSH (13%) was significantly
higher than that in a group of age­
matched blood donors. Thyroid
dysfunction may, therefore, contrib­
ute to the prevalence of moderate
to severe hypercholesterolemia in
the general population.

Thyroid State and
SerumVLDL

Modest fasting hypertriglyceri­
demia, a reflection of elevated very

low density lipoprotein (VLDL) lev­
els, may occur in overtly hypothy­
roid patients, 9,17,18 particularly if
they are obese. 19 Some studies,
however, show unaltered triglyc­
eride levels in hypothyroidism.5

Hypothyroidism is accompanied
by a reduced fractional rate of tri­
glyceride removal from plasma. 18,19
This may be explained by dimin­
ished lipoprotein lipase (LPL) activ­
ity in overt hypothyroidism9, 17-19
(Figure 2). Deficient LPL activity
also results in the accumulation of
intermediate density lipoproteins
(IDL), which represent incom­
pletely catabolized VLDL, in the
plasma of hypothyroid patients. 2o,21
LPL activity is not sufficiently re­
duced in hypothyroidism to cause
fasting chylomicronemia, and tri­
glycerides have not been reported
to rise into the range associated
with pancreatitis in uncomplicated
hypothyroidism. The data gener­
ally support the conclusion that a
normal VLDL production rate in
concert with reduced fractional
clearance leads to a modest in­
crease in fasting plasma triglycer­
ide concentrations in hypothy­
roidism. The increment in
triglyceride is augmented in the
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Figure 1. Serum cholesterol concentration as a function of the reciprocal of the fractional occupancy of nuclear T
3

receptors. (Reproduced from Bantle and
coworkers,' with permission.) Dotted lines indicate 95% confidence intervals.
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*Data adapted from Arem and Patsch,15 with permission.
t Indicates different from the starting value, p< 0.05.

Table 2. Effects of Treatment of
Mild Hypothyroidism on Serum Lipids*

Subclinical Mter 4 months treatment
hypothyroidism with levothyroxine

subject number 13 10

TSH/-.lU/ml 16.6+3.2 3.2+0.7t

LDL-cholesterol 143+12 112+8t
mg/dL

HDL-cholesterol 46±4 50±4
mg/dL

setting of coexistent obesity, a con­
dition associated with a raised
VLDL production rate, when com­
pared to that of obese euthyroid
control subjects. 19

In hyperthyroidism mean levels
of fasting plasma triglyceride have
been reported as increased,18
normal,9.17 or slightly depressed.5,19
Mean fractional clearance rates of
triglyceride were normal9,18 or
increased17,19 in various studies.
Overall, these studies support the
concept that normal levels of circu­
lating triglyceride result from
enhanced VLDL production with
an accelerated fractional removal
rate in some patients with
hyperthyroidism.

Thyroid State and
SerumHDL

Small and variable thyroid-related
changes in HDL levels have been
reported in humans. The increased
LDL cholesterol of hypothyroidism
is, therefore, not accompanied by a
proportional increment in total
HDL cholesterol, resulting in an
unfavorable decrease in the ratio of
HDL to total or LDL cholesterol.5,22
Overtly hypothyroid patients exhib-

4

ited unchanged4,10,23 or slightly low­
ered5,6, 8, 22 HDL-cholesterollevels
after replacement therapy. Treat­
ment-induced reductions in HDL
cholesterol were observed in se­
verely hypothyroid patients,8 while
treatment of mild hypothyroidism
with thyroxine caused no sig­
nificant changes in HDL choles­
terol,4,15 It should be noted that
levels of HDL cholesterol may be
slightly raised in severe hypothy­
roidism, due to increased choles­
terol in the HDL2subfraction of
HDL.8 This is the subfraction that
appears to correlate most closely
with diminished risk for ASCVD.

Hyperthyroidism may also be
associated with minor changes in
HDL cholesterol levels. Experi­
mental induction of mild biochemi­
cal hyperthyroidism by the ad­
ministration of 300 /-.lg of levothy­
roxine per day did not affect HDL
cholesterol concentrations in a
group of normal men.23 In another
study, however, patients treated
with doses of levothyroxine suffi­
cient to suppress TRH (thyrotropin
releasing hormone)-induced TSH
release exhibited a small but sig­
nificant reduction in HDL choles­
terop4 Slightly diminished HDL
concentrations have been docu­
mented in spontaneously hyper-

thyroid subjects who demonstrate
more striking increases in thyroid
hormone levels.5,9, 23 The fractional
decrement of HDL cholesterol in
hyperthyroidism is less than that of
LDL cholesterol, resulting in a
more desirable HDL:LDL ratio.

Thyroid Hormone and
Plasma Cholesterol

Concentration

Thyroid hormone affects the
plasma LDL cholesterol level at
several loci (see Figure 2). In
hypothyroidism, fecal output of
neutral sterols, but not of bile
acids, is reduced,11 whereas gas­
trointestinal absorption of choles­
terol is normal.25 Lowered frac­
tional clearance of LDL particles by
the liver is the major cause of the
hypercholesterolemia in hypothy­
roid patients. 26 The cause of this
defect is suggested by studies in ex­
perimental hypothyroid animals
that showed reduced expression of
hepatic LDL receptors.27 In hu­
mans, infusion of radiolabeled LDL
indicated that both receptor-medi­
ated and nonreceptor pathways of
LDL clearance are reversibly im­
paired in hypothyroidism.28 Thy­
roid hormone deficiency, therefore,
partially mimics the lesion ob­
served in familial hypercholesterol­
emia (type II hyperlipoprotein­
emia), which results from a variety
of mutations affecting receptor-me­
diated endocytosis of LDL. More­
over, the capacity of cultured hu­
man fibroblasts to bind and de­
grade LDL in vitro can be restored
by the addition ofT3to the culture
medium, indicating a direct effect
ofthyroid hormone at the cellular
level on this removal pathway.29

Although direct effects of thy­
roid hormone on LDL disposal are
observed in vitro, it is possible that
other, indirect effects may also be
important in the intact organism.
It has been postulated that some of
the effects of hypothyroidism on



Figure 2. Points of regulation of cholesterol metabolism by thyroid hormone. Double cross bars indicate pathways
impaired in hypothyroidism. Lipoprotein lipase participates both in the conversion of very low density lipoproteins
(VLDL) to low density lipoproteins (LDLJ and in the removal of triglyceride from chylomicrons. Chylomicron clear­
ance may be inferred to be reduced in hypothyroidism based on triglyceride emulsion infusion studies. '9

Thyroid Hormone Analogs
in Hypercholesterolemia

Treatment

hyperlipoproteinemia)34
and heterozygous familial
hypercholesterolemia
(type IIa hyperlipopro­
teinemia, FH). Coexist­
ence of heterozygous FH
and hypothyroidism
caused cholesterol levels
to rise into the range usu­
ally observed in homozy­
gous disease.35

Patients with the
broad-B disease genotype
(type III hyperlipopro­
teinemia) frequently do
not exhibit the disease
phenotype unless a su­
perimposed condition,
such as diabetes mellitus
or hypothyroidism, is
present. In the latter cir­
cumstance, the lipid ab-
normality may be mark­
edly improved by thyrox­
ine administration.36

Hypothyroidism may also
cause the precocious ap­

pearance of the type III phenotype
in childrenY Although accumula­
tion of IDL in the plasma of pa­
tients with uncomplicated hypothy­
roidism may mimic the lipid profile
of type III hyperlipidemia, these
subjects do not exhibit the homozy­
gosity for the apolipoprotein E-2 al­
lele that characterizes broad-B
disease.

Thyroid hormone administration
improves the lipid profile of euthy­
roid patients with hypercholestero­
lemia. Compounds that could aug­
ment hepatic cholesterol clearance,
without producing systemic mani­
festations of hyperthyroidism,
would be desirable for treating hy­
percholesterolemia. This is espe­
cially true in light of recent data
linking mild over-replacement with
thyroxine to diminished bone den-

biliary sterol
excretion

dietary lipid

astrointestinal
absorption

liver

Coincident Familial
Hyperlipoproteinemia and

Hypothyroidism

Elevated LDL cholesterol in hy­
pothyroidism is associated with an
increase in the serum concentration
of apolipoprotein B, the major pro­
tein constituent of LDL.6, 8 Data
from experimental animals indicate
that thyroid hormones may also
qualitatively alter the structure of
apolipoprotein B synthesized by the
liver. This alteration occurs via the
introduction of a premature stop
codon into the hepatic apolipopro­
tein B mRNA, resulting in the ap­
pearance of a smaller polypeptide
in the hyperthyroid liver.33 The
functional significance ofthe al­
tered pattern of apolipoprotein B
expression is currently unknown.

Hypothyroidism may exacerbate a
coexisting genetic hyperlipoproteine­
mia. This has been reported in fa­
milial hypertriglyceridemia (type IV

acetate
:;: HMG CoA reductaseI cholesterol IIT II

chylomicron
remnant

diated
LDL receptor receptor

nce : =
VLDL

:;: lipoprotein

IDL lipase

II
:;:

• II LDL chylomicron

plasma compartment 9

non-receptor-mediated
LDL clearance

receptor-me
LDL cleara

peripheral
tissues

LDL cholesterol may be mediated
indirectly through lowered levels of
growth hormone and/or insulin-like
growth factor 1 (IGF 1 , also known
as somatomedin C) that accompany
the hypothyroid state. Hypothyroid
rats are deficient in growth hor­
mone, and the injection ofphysi­
ologic doses of the hormone lowers
their plasma cholesterol level.30
Similarly, hypothyroid women dem­
onstrated low levels of IFG 1, that
correlated inversely with circulat­
ing cholesterol.31 However, a
causal role for this phenomenon in
human hypercholesterolemia re­
mains to be defined.

Despite the accumulation of
cholesterol in the plasma in hypo­
thyroidism, net cholesterol synthe­
sis is impaired. ll One mechanism
for this is suggested by the observa­
tion that livers of hypothyroid ex­
perimental animals contain re­
duced levels of mRNA encoding 3­
hydroxy-3-methyl-glutaryl coen­
zyme A reductase (HMG CoA re­
ductase), the rate-determining en­
zyme in cholesterol biosynthesis. 32
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sity.38 It would also be desirable to
minimize the cardiovascular effects
of thyroid hormones in patients
with hypercholesterolemia. The
danger of inducing hyperthyroid­
ism in a population with a high
prevalence of underlying ASCVD
was underscored by the trend to­
ward increased coronary mortality
in the group treated with D-T4in
the Coronary Drug Project. 39 Ef­
forts have therefore been made to
identify iodothyronine analogues
with "lipid specific" dose-response
characteristics. In the past, the
dextro-enantiomer of thyroxine,
D-T4, was widely used in the treat­
ment of euthyroid, hypercholester­
olemic patients. Lowering of
cholesterol levels by this agent,
however, has been attributed solely
to its capacity to produce systemic
hyperthyroidism, rather than to he­
patic targeting of its action. 24

Recently an analogue with
apparent tissue specificity (SK&F
L-9490l) has been described and
tested in rats.40,41 This agent low­
ered cholesterol levels and ex­
hibited a l80-fold greater potency
in liver (compared to heart), as as­
sessed by its differential capacity to
induce the enzyme 3-phosphoglyc­
erate oxidoreductase in these tis­
sues. It is not clear, however,
whether the effects of this agent
are initiated by binding to thyroid
hormone receptors or other mecha­
nisms unrelated to its similarity to
triiodothyronine. Further study of
the utility and safety of this com­
pound in humans is required.

Is Hypothyroidism an
Important Cause of

Clinically Significant
Coronary Artery Disease?

The existence of a direct connection
between thyroidal status and coro­
nary risk is controversial. Investi­
gations of this connection have
been approached in several differ-

6

ent ways, Two controlled patholog­
ic studies of hypothyroid patients
have addressed the question of
whether a group of hypothyroid pa­
tients will exhibit a higher inci­
dence or severity of ASCVD and
myocardial infarction, Histopatho­
logic thyroid atrophy, rather than
biochemical criteria, were used to
identify the hypothyroid subjects.
In the first study, significantly
more advanced coronary obstruc­
tion was found in hypertensive
hypothyroid patients than in euthy­
roid hypertensive subjects, but no
difference was noted between the
normotensive euthyroid and
hypothyroid groupS.42 The second
study demonstrated "severe" AS­
CVD in 46% of control autopsies
and in 84% of the hypothyroid pa­
tients.43 However, neither study
found a significant difference in the
prevalence of autopsy-proven myo­
cardial infarction between hypothy­
roid and control groups. It is pos­
sible that lowered oxygen consump­
tion in hypothyroidism protects
against myocardial ischemia. This
idea - which was the basis of
therapeutic radioiodine administra­
tion to coronary patients in the
past - would be consistent with
the low prevalence of angina pec­
toris reported in a large series of
hypothyroid patients.44

Others have approached the
question by asking whether a group
of patients with myocardial
infarction will demonstrate an in­
creased prevalence of hypothy­
roidism. Green and coworkers ex­
amined a group of hyperlipidemic
survivors of myocardial infarction
for biochemical evidence of hypo­
thyroidism.45 TSH greater than 8.0
flU/ml was found in 28% of such
females over 60 years old, while
other age and sex subgroups
showed prevalence rates (5% to 8%)
of increased TSH similar to those
expected in an elderly hospitalized
population, Surprisingly, hy­
percholesterolemia was not signifi­
cantly correlated with elevated
TSH in these patients; most of the

biochemically hypothyroid women
were hypertriglyceridemic, rather
than hypercholesterolemic. Tieche
and coworkers assessed thyroidal
status, cholesterol and evidence of
ASCVD in 945 consecutive patients
admitted to a hospital.46 Again, a
significant association between el­
evated TSH and coronary artery
disease was found only in females:
36.8% of women with elevated TSH
had definite ASCVD, while 19.8%
of those with normal TSH were af­
flicted. In this study as well, there
was no correlation between TSH
and cholesterol levels. These stud­
ies therefore failed to document a
link between hypothyroidism-in­
duced hypercholesterolemia and
myocardial infarction. The mecha­
nism underlying the association of
modestly raised TSH and ASCVD
in older women remains enigmatic.

A large epidemiologic survey
of cholesterol, thyroidal status and
evidence of ASCVD in the general
population was conducted in the
British Isles. Data from 2,779 sub­
jects showed no association be­
tween either cholesterol levels or
clearcut clinical manifestations of
ASCVD and mild hypothyroidism.47

Summary

Thyroid hormones exert significant
effects on circulating cholesterol
levels, primarily by augmenting
LDL cholesterol clearance from
plasma to bile. Hypothyroidism
may cause frank hypercholesterol­
emia, if the thyroid dysfunction is
severe, or it may exacerbate an un­
derlying genetic hyperlipoprotein­
emia. The nature of the relation­
ship between thyroid function and
circulating cholesterol requires that
large numbers of subjects be stud­
ied in order to discern a significant
difference in cholesterol levels be­
tween euthyroid and mildly
hypothyroid individuals, Longitu­
dinal studies, however, strongly
suggest that even clinically



inapparent hypothyroidism is asso­
ciated with a rise in LDL choles­
terol - a rise that may be reduced
with nonsuppressive levothyroxine
treatment. Except perhaps in eld­
erly women, there are currently no
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