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Effects of Subclinical Thyroid Dysfunction on the Heart

Bernadette Biondi, MD; Emiliano A. Palmieri, MD; Gaetano Lombardi, MD; and Serafino Fazio, MD

Background: Mounting evidence indicates that subclinical thy-
roid dysfunction has important clinical effects and prognostic im-
plications, supporting the view that it is not a compensated bio-
chemical change sensu strictu.

Purpose: To review clinical information on the effects of sub-
clinical thyroid dysfunction on the heart.

Data Sources: English-language articles identified from files and
a MEDLINE search (1970-September 2001), references of relevant
articles, textbooks, and meeting abstracts.

Study Selection: Reports on the effects of subclinical hypothy-
roidism and subclinical hyperthyroidism on the cardiovascular sys-
tem in humans.

Data Extraction: Data on cardiac structure and performance,
arrhythmias, and risk for coronary artery disease were indepen-
dently assessed by all authors and summarized.

Data Synthesis: Subclinical hypothyroidism is associated with

impaired left ventricular diastolic function at rest, systolic dysfunc-
tion on effort, and enhanced risk for atherosclerosis and myocar-
dial infarction. Subclinical hyperthyroidism is associated with in-
creased heart rate, atrial arrhythmias, increased left ventricular
mass with marginal concentric remodeling, impaired ventricular
relaxation, reduced exercise performance, and increased risk for
cardiovascular death. All abnormalities were reversed by restora-
tion of euthyroidism (subclinical hypothyroidism) or were blunted
by B-blockade and tailoring of the L-thyroxine dose (subclinical
hyperthyroidism).

Conclusion: The heart responds to the minimal but persistent
changes in circulating thyroid hormone levels typical of subclinical
thyroid dysfunction. Thus, the condition is not a compensated
biochemical change sensu strictu, and timely treatment should be
considered in an attempt to avoid adverse cardiovascular effects.
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he cardiovascular system is very sensitive to thyroid

hormone, and a wide spectrum of cardiac changes has
long been recognized in overt thyroid dysfunction (1-5).
In contrast, cardiovascular impairment in patients with
subclinical thyroid dysfunction has only recently been
studied in detail (6-9). This condition, characterized by
normal levels of circulating free thyroxine (FT,) and free
triiodothyronine (FT5) and elevated (subclinical hypothy-
roidism) or below-normal (subclinical hyperthyroidism)
thyroid-stimulating hormone (TSH) concentrations, is as-
sociated with changes in several cardiovascular measures.
These changes support the view that subclinical thyroid
dysfunction is not a compensated biochemical change sensu
strictu. To clarify this process, we reviewed clinical studies
of the consequences of subclinical thyroid dysfunction on
the heart.

METHODS

Data sources were articles in our collection about the
cardiovascular effects of subclinical thyroid dysfunction in
humans published between 1970 and September 2001. We
checked that articles had not been overlooked by searching
the MEDLINE database (keywords were thyroid hormone,
heart, subclinical hypothyroidism, subclinical hyperthyroidism,
and cardiovascular risk), references of relevant articles, text-
books, and abstracts of presentations at international thy-
roid meetings. Given the relatively few studies on the effect
of subclinical thyroid disease on the cardiovascular system,
we are confident that we considered all English-language
peer-reviewed reports. All authors assessed the reports and
agreed about article content.
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SUBCLINICAL HYPOTHYROIDISM

Subclinical hypothyroidism, defined as increased se-
rum TSH concentrations associated with normal FT and
FT; concentrations, may be caused by exogenous (L-thy-
roxine under-replacement in hypothyroid patients; medi-
cation with lithium, cytokines, iodine, or antithyroid
drugs; and iodine 131 therapy or thyroidectomy) or endog-
enous (Hashimoto thyroiditis and previous subacute or si-
lent thyroiditis) factors (8). Its prevalence ranges from
1.3% to 17.5%, depending on age, sex, and iodine intake
(10-14). A large cross-sectional study from Colorado re-
ported a mean prevalence of 9% (15). People with thyroid
antibodies caused by Hashimoto thyroiditis are prone to
subclinical hypothyroidism. The incidence of subclinical
hypothyroidism, derived from a review (14) of three lon-
gitudinal studies that included a total of 2956 patients
(with 6-, 10-, and 20-year follow-up, respectively) (16—
18), is 2.1% to 3.8% per year in thyroid antibody—positive
patients and about 0.3% per year in thyroid antibody—
negative patients. The annual risk for developing overt hy-
pothyroidism after 20 years is 4.3% in women with in-
creased TSH concentrations and thyroid antibodies and
2.6% in women with subclinical hypothyroidism without
thyroid antibodies (18).

Cardiac Manifestations

Table 1 lists the cardiovascular abnormalities reported
in subclinical hypothyroidism (19-33). Resting heart rate
was normal in all patients in whom it was evaluated (21,
22, 25, 28-30, 33). Cardiac function, evaluated from sys-
tolic time intervals, was also normal in patients with sub-
clinical hypothyroidism (19, 27). In contrast, the preejec-



Effects of Subclinical Thyroid Dysfunction on the Heart REVIEW

Table 1. Cardiovascular Abnormalities in Subclinical Hypothyroidism*

LV Systolic Function

Study, Year Patients, Mean TSH Method Heart LV
(Reference) n Concentration Rate Mass
+SD, mU/L

Bough et al., 10 13.1 1.1 STI - -
1978 (19)

Ridgway et al., 20 28+ 6 STl - -
1981 (20)

Cooper etal., 17 10.8 = 2.2 STI < -
1984 (21)

Bell et al., 18 179 24 RNV e -
1985 (22)

Forfar et al., 10 - RNV - -
1985 (23)

Foldes et al., 17 10.31 = 1.54 STI, RNV - -
1987 (24)

Nystrom et al., 17 7.7 0.9 STI < -
1988 (25)

Tseng et al., 22 10.7 £ 2.2 Echo - -
1989 (26)

Staub et al., 14 8.6 05 STI - -
1992 (27)

Arem et al., 8 14.8 £33 Doppler echo < -
1996 (28)

Biondi et al., 26 8.6 =09 Doppler echo < <
1999 (29)

Di Bello etal., 16 5.27 + 0.47 Doppler echo < <
2000 (30)

Kahaly, 2000 20 11.2 (6.3-19.5) Doppler echo, - -
31) CPEx

Brenta et al., 10 11014 RNV - -
2000 (32)

Monzani et al., 20 ~5.1+0.6 Doppler echo < 1
2001 (33)

LV Diastolic Exercise Performance

Function

< PEP, < LVET, - _
< PEP/LVET
1 PEP, 1 PEP/LVET, 1 QKd - -

1 PEP/LVET - -

<> Ejection fraction - | Ejection fraction

< Ejection fraction - | Ejection fraction

< PEP, | ejection fraction, - | Ejection fraction
<> cardiac output,
<> stroke index

1 PEP, 1 PEP/LVET - -

<> PEP, <> PEP/LVET - -

<> PEP, <> PEP/LVET - -

<> Fractional shortening, < E/A, | LVEDD
<> ejection fraction

< Fractional shortening,
< VCF, | aortic
acceleration

<> Fractional shortening,
< cardiac output, 1 PEP,
1 PEP/LVET

<> -

1 PEP

| E/A, 1 IVRT

1 A, < E/A, | IVRT

| Stroke volume, | cardiac
output, 1 PEP, | aortic
flow velocity, | anaerobic
threshold (Watt)

- 1 TPFR -

<> Fractional shortening,
1 PEP, 1 PEP/LVET,
<> cardiac output

1A, 1 IVRT -

* 1 = increased; | = decreased; <> = unchanged; A = late transmitral peak flow velocity; CPEx = cardiopulmonary exercise testing; E/A = early to late transmitral peak
flow velocity ratio; echo = echocardiography; IVRT = isovolumic relaxation time; LV = left ventricular; LVEDD = left ventricular end-diastolic diameter; LVET = left
ventricular ejection time; PEP = preejection period; QKd = the interval from Q wave on the electrocardiogram to the pulse arrival time at the brachial artery;
RNV = radionuclide ventriculography; STI = systolic time intervals; TPFR = time to peak filling rate; TSH = thyroid-stimulating hormone; VCF = velocity of circum-

ferential fiber shortening.

tion period and the interval from Q wave to pulse arrival at
the brachial artery were prolonged, and the preejection pe-
riod—left ventricular ejection time ratio was higher in 20
patients with subclinical hypothyroidism than in the same
patients after L-thyroxine replacement therapy (20).

In the first double-blind study of the effects of 1 year
of L-thyroxine therapy compared with placebo in 17 pa-
tients with subclinical hypothyroidism of different origins,
the preejection period-left ventricular ejection time ratio
was significantly decreased after L-thyroxine therapy, par-
ticularly in patients with the highest ratio (>0.390) (21).
In 18 patients, L-thyroxine caused a small but significant
increase in left ventricular ejection fraction (evaluated by
radionuclide ventriculography) during maximal exercise but
caused no change at rest or during moderate exercise (22).

In 10 patients evaluated before and after TSH concen-
trations were normalized with 1-thyroxine, the treatment
did not affect left ventricular ejection fraction at rest but
did enhance the increase in ejection fraction during exer-
cise (23). In the same study, sodium nitroprusside pro-
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duced similar increases in cardiac output in patients with
subclinical hypothyroidism and in euthyroid persons.
However, in the former group, enhanced cardiac output
was due to a large increase in heart rate and reduced stroke
volume, whereas euthyroid persons had a smaller increase
in heart rate and no change in stroke volume. Therefore,
restoration of euthyroidism by L-thyroxine improves sys-
tolic function on effort in patients with subclinical hypo-
thyroidism. This could have resulted from improved myo-
cardial contractility and, perhaps, lusitropic function. The
preejection period was prolonged in only 5 of 17 patients
with subclinical hypothyroidism compared with 50 euthy-
roid controls, whereas the mean left ventricular ejection
fraction was reduced both at rest and during isometric ex-
ercise (24).

In the first double-blind, crossover study of women
with subclinical hypothyroidism due to Hashimoto thy-
roiditis, 20 randomly selected women with primary sub-
clinical hypothyroidism received L-thyroxine and placebo
for 6 months each (25). Left ventricular systolic function

3 December 2002 [ Annals of Internal Medicine | Volume 137 ® Number 11 905




REVIEW | Effects of Subclinical Thyroid Dysfunction on the Heart

was assessed from systolic time intervals before and after
L-thyroxine. Heart rate—corrected preejection period and
the preejection period-left ventricular ejection time ratio
decreased significantly after treatment. In another study,
left ventricular function, evaluated by echocardiography-
derived systolic time intervals, was unchanged in 22 pa-
tients with subclinical hypothyroidism compared with nor-
mal controls (26).

In eight subclinical hypothyroid patients evaluated at
rest and during bicycle-ergometer exercise testing before
and after L-thyroxine treatment, Doppler-derived systolic
time intervals showed a more prolonged preejection period
and a higher preejection period-left ventricular ejection
time ratio during pretreatment maximum exercise (28).
Echocardiographic left ventricular end-diastolic dimension
was slightly but significantly lower before L-thyroxine treat-
ment.

Left ventricular structure and function at rest were
evaluated by using Doppler echocardiography in 26 se-
lected patients with stable subclinical hypothyroidism due
to Hashimoto thyroiditis and in 30 normal controls (29).
In 10 randomly selected patients, the evaluation was re-
peated after 6 months of L-thyroxine therapy (daily dose,
68 pg). No significant abnormality in left ventricular
structure was seen, whereas Doppler-derived mean aortic
acceleration, a reliable index of left ventricular systolic
function, was significantly lower in patients than in con-
trols. This acceleration normalized after L-thyroxine ther-
apy. Furthermore, isovolumic relaxation time was pro-
longed, and the early—late ratio of Doppler-derived
transmitral peak flow velocities was lower in patients than
in controls. Both measures of diastolic function returned to
normal after L-thyroxine replacement. Doppler echocardi-
ography and ultrasonic myocardial textural analysis con-
firmed these findings in 16 patients with subclinical hypo-
thyroidism (30). They had a significantly increased left
ventricular mass and lower cyclic variation measures (per-
centage systolic/diastolic change in mean gray levels) in
both the interventricular septum and the left ventricular
posterior wall (30).

Radionuclide ventriculography revealed a longer time
to peak filling rate in 10 patients with subclinical hypothy-
roidism than in 10 normal controls (32). This index of
diastolic function normalized after 1-thyroxine replace-
ment. Using stress Doppler echocardiography and cardio-
pulmonary exercise testing, Kahaly (31) studied 20 patients
with subclinical hypothyroidism before and after L-thyroxine
therapy and 20 normal controls. At rest, the cardiac mea-
sures recorded in untreated patients approximated those
obtained in controls and in euthyroid patients. However,
patients had significantly lower stroke volume, cardiac in-
dex, and peak aortic flow velocity and significantly pro-
longed preejection period during exercise. All measures
normalized after a euthyroid state was achieved. Further-
more, the oxygen pulse (oxygen uptake per heartbeat), an
index of stroke volume, was significantly decreased both at
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the anaerobic threshold and at maximal work capacity, and
work rate was reduced at the anaerobic threshold in pa-
tients versus controls. These measures normalized after re-
placement therapy.

Finally, in a double-blind, placebo-controlled study of
the effects of L-thyroxine replacement therapy on cardiac
structure and function in subclinical hypothyroidism, car-
diac measures, evaluated by Doppler echocardiography and
videodensitometry, were almost normal after L-thyroxine

therapy (33).

Coronary Artery Disease

Overt hypothyroidism increases serum cholesterol lev-
els (15, 27, 34-36), but it is not known whether subclin-
ical hypothyroidism affects serum lipid profiles. Serum
cholesterol levels have been significantly higher in patients
with subclinical hypothyroidism than in normal controls
(31, 37-40). In other studies, levels were only marginally
increased (41-43). In three studies, the prevalence of sub-
clinical or overt hypothyroidism was higher in hypercho-
lesterolemic patients (44—46), a finding not confirmed in a
subsequent study (47). Other markers of atherosclerotic
risk described in overt hypothyroidism (enhanced low-den-
sity lipoprotein oxidation, elevated lipoprotein(a) levels,
and hyperhomocysteinemia) may also be responsible for an
association between subclinical hypothyroidism and coro-
nary artery disease (48—50). Of interest, a recent quantita-
tive review of patients with subclinical hypothyroidism
showed that restoration of euthyroidism by L-thyroxine re-
duced both total and low-density lipoprotein cholesterol
levels. The reduction was more pronounced in patients
with higher pretreatment cholesterol levels and TSH con-
centrations (51). Moreover, L-thyroxine significantly re-
duced lipoprotein(a) and homocysteine levels in patients
with overt and subclinical hypothyroidism (52, 53).

Two studies have shown an association between sub-
clinical hypothyroidism and coronary artery disease (54,
55), whereas others have either found no association or
only a weak association between minor electrocardio-
graphic changes and a minor degree of hypothyroidism in
women (41, 56, 57). Striking evidence of a higher risk for
atherosclerotic cardiovascular death in patients with sub-
clinical hypothyroidism emerged from the Rotterdam
study (58). This large epidemiologic study concluded that
subclinical hypothyroidism is associated with a greater
prevalence of aortic atherosclerosis and myocardial infarc-
tion in elderly women. Perk and O’Neill, using sequential
coronary angiography, found that appropriate thyroid hor-
mone replacement therapy prevented progression of angio-
graphic coronary artery disease in hypothyroid patients (59).

Patients with subclinical hypothyroidism have abnor-
mal vascular reactivity, which is identified by impaired
flow-mediated, endothelium-dependent vasodilatation (31,
60, 61). The association between pathologic immune vas-
cular damage due to thyroid autoimmunity and coronary
artery disease is controversial (54—58, 62, 63). The two
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largest epidemiologic studies that addressed this issue did
not identify an association between autoimmune thyroid
disease and mortality or development of coronary artery
disease (58, 63). This finding weakens the hypothesis that
pathologic immune vascular damage may be an important
factor in the association of autoimmune thyroiditis with
coronary artery disease, independently of whether the TSH

concentration is normal or increased.

Commentary

The results of studies on the effects of subclinical hy-
pothyroidism on left ventricular structure and function are
controversial, particularly with regard to the effects on left
ventricular systolic function at rest. Conflicting results
might be related to a less than rigorous selection of patients
(enrollment of patients with previous hyperthyroidism or
with acute or unstable subclinical hypothyroidism) and to
different diagnostic criteria for subclinical hypothyroidism
(a wide range of TSH concentrations) (19-24, 26-28).
Indeed, in many early studies, inclusion of patients with
previous overt hyperthyroidism could have confounded the
evaluation of left ventricular structure and function. In
other studies, the cardiac measures obtained during the
subclinical hypothyroid state were compared with those
obtained in the same patients after L-thyroxine replacement
therapy. However, thyroid hormone could itself affect the
heart independently of the underlying thyroid disease.
Nevertheless, studies have clearly shown that patients with
subclinical hypothyroidism have impaired left ventricular
diastolic function at rest and systolic dysfunction on effort,
which may result in poor physical exercise capacity. More-
over, resting left ventricular diastolic dysfunction is often
the first manifestation of heart disease, even preceding sys-
tolic dysfunction at rest (64, 65). Altered serum lipid levels
and abnormal vascular reactivity in patients with subclini-
cal hypothyroidism, particularly in elderly women, may
confer a higher risk for cardiovascular disease. Therefore,
subclinical hypothyroidism should be considered a mild
form of thyroid failure sensu strictu that is associated with
initial signs of cardiovascular hypothyroidism.

SUBCLINICAL HYPERTHYROIDISM

Subclinical hyperthyroidism, characterized by low or
undetectable serum TSH concentrations and normal FT
and FT; concentrations, may be caused by exogenous and
endogenous factors (9, 66). The major exogenous cause is
the use of L-thyroxine to suppress TSH in patients with
thyroid nodular disease or to prevent local or metastatic
progression of differentiated thyroid carcinoma after sur-
gery (9, 66). Overzealous hormone replacement therapy;
misunderstandings about prescriptions; and changes in
L-thyroxine requirement, absorption, and formulation are
additional potential causes (9, 15, 66—68). Like overt hy-
perthyroidism, endogenous subclinical hyperthyroidism is
due to Graves disease, multinodular goiter, or an autono-

mously functioning thyroid nodule (9, 66). The prevalence
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of subclinical hyperthyroidism ranges from 0.6% to 16%
(13, 14, 66), depending on the definition used (that is,
TSH concentration lower than normal, <0.1 mU/L, or un-
detectable in a given assay), the sensitivity of the method used
to measure TSH concentrations, and iodine intake in the
study sample. The exogenous form of subclinical hyperthy-
roidism is the most prevalent (15); the endogenous form is
frequent in geographic areas with iodine insufficiency (69,
70).

Low or undetectable TSH concentrations are generally
temporary in patients with Graves disease. Conversely,
multinodular goiter or autonomously functioning thyroid
nodules are characterized by prolonged periods of subclin-
ical hyperthyroidism (71-73). Overt thyrotoxicosis is often
precipitated by increased iodine intake after administration
of iodine-containing drugs or radiographic contrast agents
(74). Todine-induced thyrotoxicosis can be secondary to
iodine prophylaxis in populations with endemic goiter
(75=77). Prospective studies of patients with endogenous
subclinical hyperthyroidism (1 to 4 years of follow-up)
showed that TSH concentrations increased spontaneously
in almost 50% of cases (although the normal reference
range was not always reached) and remained unchanged in
35%, whereas overt hyperthyroidism developed in 10% of
patients at a rate of 5% per year (78—82).

Cardiac Manifestations

Given the pathophysiologic differences between exog-
enous and endogenous subclinical hyperthyroidism, we re-
view cardiac manifestations of the two disorders separately

(Table 2) (26, 83-96).

Exogenous Subclinical Hyperthyroidism

Bell and colleagues (83) first demonstrated the cardiac
effects of exogenous subclinical hyperthyroidism. They
studied 7 normal persons by using 24-hour Holter electro-
cardiography at baseline and after L-thyroxine administra-
tion, when the plasma TSH response to TSH-releasing
hormone was inhibited. The mean nocturnal and mean
daytime heart rate increased after treatment, the former
significantly so. The first evidence of mild but significant
changes in myocardial function was reported in 1984 in
hypothyroid patients receiving over-replacement therapy
with L-thyroxine and showing minimally elevated serum
FT, concentrations and suppressed TSH (84). Systolic
time intervals within the thyrotoxic range alerted the phy-
sician to tissue thyrotoxicosis and to the need to reduce the
L-thyroxine dose. The mean preejection period—left ven-
tricular ejection time ratio was lower than normal in 15
patients receiving replacement L-thyroxine therapy and in-
creased in 7 patients after reduction of the 1-thyroxine dose
(84). Results were similar in 18 patients with exogenous
subclinical hyperthyroidism (86).

Concurrent aortic and mitral valve echocardiographic
tracing has revealed a significantly shorter isovolumic con-
traction time and preejection period and lower preejection
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Table 2. Cardiovascular Abnormalities in Subclinical Hyperthyroidism*

Study, Year Patients, Methods Cause Heart LV LV Systolic LV Diastolic Exercise Ventric-  Supraven-
(Reference) n Rate  Mass Function Function Performance ular tricular
Arrhyth-  Arrhyth-
mias mias
Bell et al., 7 Holter ECG Exogenous 1 - - - - - -
1983 (83)
Jennings et al., 15 STI Exogenous - - | PEP/LVET - - - -
1984 (84)
Boutin et al., 16 Pulse examina- ~ Endogenous 1 - - - - - -
1986 (85) tion
Banovac et al., 18 STI Exogenous - - | PEP, | PEP/LVET - - - -
1989 (86)
Tseng et al., 15 Echo Exogenous < - | 1sovolumic con- - - - -
1989 (26) traction time,
| PEP, | PEP/
LVET
Grund and 11 RNV Exogenous 1 - <> Ejection fraction - - - -
Niewoehner,
1989 (87)
Biondi et al., 20 Echo, Holter Exogenous 1 1 1 VCF, 1 fractional - - < 0
1993 (88) ECG shortening
Fazio et al., 25 Doppler echo Exogenous 1 1 - TMIVRT, | E/A - - -
1995 (89)
Biondi et al., 10 RNV Exogenous 1 - <> Ejection fraction | Peak filling rate | Ejection fraction - -
1996 (90)
Ching et al., 11 Echo, Holter Exogenous < 0 <> Ejection frac- - - - -
1996 (91) blood pressure tion, < fractional
shortening
Shapiro et al., 17 Doppler echo, Exogenous < 1 < Ejection fraction < E/A - < <
1997 (92) Holter ECG
Biondi et al., 60 Doppler echo, Exogenous 1 1 1 Fractional short- 1 IVRT, | E/A - < 1
1999 (93) Holter ECG ening, 1 VCF
Mercuro et al., 19 Doppler echo, Exogenous < 1 <> Ejection fraction 1 IVRT, < E/A | Peak Watt, | VO, - -
2000 (94) CPEx max, | VO,
anaerobic threshold
Biondi et al., 23 Doppler echo, Endogenous 1 1 1 Fractional short- 1 IVRT, | E/A - < <
2000 (95) Holter ECG ening, 1 VCF,
1 aortic accelera-
tion
Sgarbi et al., 10 Doppler echo, Endogenous 1 1 1 VCF - - 1 1
2000 (96) Holter ECG

* 1 = increased; | = decreased; < = unchanged; CPEx = cardiopulmonary exercise testing; E/A = early to late transmitral peak flow velocity ratio;

ECG = electrocardiography; echo = echocardiography; IVRT = isovolumic relaxation time; LV = left ventricular; LVET = left ventricular ejection time;
PEP = preejection period; RNV = radionuclide ventriculography; STI = systolic time intervals; VCF = velocity of circumferential fiber shortening; VO, = oxygen uptake.

period—left ventricular ejection time ratios in patients with
exogenous subclinical hyperthyroidism (26). Eleven pa-
tients with an elevated FT; index and suppressed TSH due
to L-thyroxine over-replacement therapy were evaluated by
using resting radionuclide ventriculography at baseline and
after the daily L-thyroxine dose was progressively reduced
by 25 ug at 3-month intervals until normalization of the
FT, index (87). Heart rate was significantly reduced by
titration of the L-thyroxine dose, while left ventricular ejec-
tion fraction decreased nonsignificantly in 8 of 11 patients.

Echocardiography showed an increased left ventricular
mass index in 20 patients with persistent exogenous sub-
clinical hyperthyroidism (88). Left ventricular systolic
function was also enhanced, as documented by the increase
of fractional shortening and the rate-adjusted velocity of
shortening. During a 24-hour period, the patients’ heart
rates, assessed by 24-hour Holter electrocardiography, were
constantly higher than those of controls. Atrial premature
beats were more frequent in patients than in controls: Two
patients had atrial fibrillation. The prevalence of ventricu-
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lar arrhythmias did not differ between groups (88). A sub-
sequent study confirmed these results in a much larger
group of patients (93).

The effects of 6-month B-blockade were evaluated in
11 patients with exogenous subclinical hyperthyroidism
who were selected because of symptoms mimicking exag-
gerated B-adrenergic activity (97). This study showed a
significant reduction in the average heart rate and the prev-
alence of atrial premature beats. After B-blockade, atrial
fibrillation disappeared, left ventricular mass index was
substantially reduced, and measures of left ventricular sys-
tolic function remained slightly enhanced.

Compared with normal controls, 25 patients receiving
long-term TSH suppressive therapy evaluated with Dopp-
ler echocardiography had a significant increase in the left
ventricular mass index accompanied by impaired indices of
left ventricular diastolic function (prolonged isovolumic re-
laxation time and reduced ratio of early to late transmitral
peak flow velocities) (89). Impaired left ventricular dia-
stolic function was more evident in a subgroup of 10 pa-
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tients who had greater adrenergic overactivity and higher
left ventricular mass index values. In these 10 patients, 4
months of B-blockade significantly reduced cardiac hyper-
trophy, thereby improving left ventricular diastolic filling.

In 1996, Biondi and colleagues (90) investigated car-
diac reserve and exercise capacity using radionuclide ven-
triculography in 10 patients receiving long-term L-thyrox-
ine therapy who reported symptoms of adrenergic
overactivity. Patients were evaluated before and after 4
months of B-blockade. Exercise capacity, assessed as peak
workload and exercise duration, was markedly worse in
patients than in controls. In addition, resting left ventric-
ular diastolic filling was impaired and ejection fraction de-
creased during exercise. (3-Adrenergic blockade reversed
the decrease in ejection fraction and almost normalized
resting diastolic function, which improved exercise tolerance.

Blood pressure, heart rate, left ventricular systolic
function, autonomic function, forearm blood flow, and
vascular resistance did not change in 11 patients with ex-
ogenous subclinical hyperthyroidism evaluated with 24-
hour monitoring of pulse and blood pressure, echocardiog-
raphy, forearm plethysmography, and autonomic function
testing (91). However, patients had significantly higher left
ventricular mass index values than did controls.

L-Thyroxine treatment did not affect left ventricular
systolic and diastolic function in 17 patients with subclin-
ical hyperthyroidism evaluated by using Doppler echocar-
diography and 24-hour Holter electrocardiography (92),
but the mean left ventricular mass index was significantly
higher in patients than in controls. Mean heart rate and the
prevalence of atrial or ventricular premature contractions
did not change. However, patients taking 3-blocker drugs
during L-thyroxine treatment were excluded from the eval-
uation.

Finally, Mercuro and colleagues (94) studied cardiac
function and physical exercise capacity by using Doppler
echocardiography and cardiopulmonary exercise testing in
19 patients receiving long-term TSH-suppressive treat-
ment. The mean resting heart rate was marginally higher in
patients than in controls. Doppler echocardiography
showed significantly increased left ventricular mass in pa-
tients with subclinical hyperthyroidism accompanied by
impaired left ventricular relaxation and preserved resting
systolic function. Nine of the 19 patients had significantly
reduced exercise performance, as shown by a significant
reduction in peak workload, peak oxygen uptake, and an-
aerobic threshold. Of interest, noradrenaline concentra-
tions at rest were significantly lower in TSH-suppressed
patients when measured in both supine and standing posi-
tions. Individual tailoring of the TSH-suppressive L-thy-
roxine dose in 7 patients almost normalized all Doppler
echocardiographic and cardiopulmonary exercise measures
but did not alter noradrenaline concentrations. Reduced
noradrenaline concentration in the patients with subclini-
cal hyperthyroidism agrees with a report of lower nor-
adrenaline levels in patients with overt thyrotoxicosis (98).
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Endogenous Subclinical Hyperthyroidism

Only three studies have evaluated the effect of endog-
enous subclinical hyperthyroidism on the heart (85, 95,
96). In a pioneering investigation among participants with
multinodular goiter, normal FT5 and FT 4 concentrations,
and a low TSH response to TSH-releasing hormone, Bou-
tin and colleagues reported a higher pulse rate in patients
than in controls (85). More recently, 23 patients with en-
dogenous subclinical hyperthyroidism (15 affected by
multinodular goiter and 8 by autonomously functioning
thyroid nodule) were investigated by using 24-hour Holter
electrocardiography and Doppler echocardiography (95).
The average heart rate was significantly higher in patients
than in normal persons. The prevalence of supraventricular
and ventricular arrhythmias did not differ between the two
groups. In the patients with subclinical hyperthyroidism,
fractional shortening increased by about 14%, the heart
rate—adjusted mean velocity of circumferential fiber short-
ening increased by about 7%, and peak aortic flow velocity
increased by about 19%. Left ventricular mass was signifi-
cantly higher in this group because of the increased thick-
ness of both the interventricular septum and the posterior
wall. These patients also had impaired diastolic function
characterized by delayed relaxation.

Results were similar in 10 patients with endogenous
subclinical hyperthyroidism (96). When these patients
reached euthyroidism after 6 months of methimazole treat-
ment, the mean 24-hour heart rate, atrial premature beats,
and left ventricular mass had returned to normal.

Epidemiologic Evidence on Subclinical Hyperthyroidism
and Atrial Fibrillation

Two longitudinal studies of older people have ad-
dressed atrial fibrillation in subclinical hyperthyroidism
(82, 99). In 40 patients with subclinical hyperthyroidism
(mean age, 65 years), Tenerz and colleagues (82) found 8
cases of atrial fibrillation, and 3 additional patients devel-
oped atrial fibrillation during the 2-year follow-up. The
total rate of atrial fibrillation was 28% in patients com-
pared with 10% in an age-matched group of euthyroid
persons. In the Framingham study (99), 2007 participants
60 years of age or older with low TSH levels due to exog-
enous or endogenous factors had a threefold higher risk for
atrial fibrillation. Studies of overt hyperthyroidism have
shown that 10% to 15% of patients with atrial fibrillation
may have an arterial embolic event (3, 6). Although there
are no data on the incidence of arterial embolism due to
atrial fibrillation in patients with subclinical hyperthyroid-
ism, observations made in overt hyperthyroidism might
apply to patients with subclinical hyperthyroidism.

Commentary

Exogenous and endogenous subclinical hyperthyroid-
ism exert many relevant effects on the heart (82-97, 99).
Results about resting heart rate in patients with subclinical
hyperthyroidism are not consistent. Only four studies of
exogenous subclinical hyperthyroidism (83, 88, 92, 93)
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and two studies of the endogenous condition (95, 96) as-
sessed heart rate by using 24-hour Holter electrocardiogra-
phy. The mean 24-hour heart rate was increased, also dur-
ing nocturnal hours, in all these studies except one (93);
that study had excluded patients with subclinical hyperthy-
roidism who were taking B-blockers. Increased exercise
heart rate was reported in two studies, and, at a comparable
workload, patients with exogenous subclinical hyperthy-
roidism had a higher heart rate than normal controls (90,
94). The prevalence and incidence of atrial fibrillation were
higher in patients with subclinical hyperthyroidism 60
years of age or older (82, 99), whereas atrial premature
beats were increased in some younger patients (88, 93, 96).

There is no consensus about the effects of subclinical
hyperthyroidism on left ventricular function at rest. Sys-
tolic function has been reported to be increased (26, 84,
86, 88, 93, 95, 96) and unchanged (91, 92, 94). However,
impaired left ventricular performance on exercise and de-
creased effort tolerance were found in the only two studies
that evaluated cardiac performance and exercise capacity in
patients with subclinical hyperthyroidism (90, 94). All the
studies of cardiac structure in patients with subclinical hy-
perthyroidism showed an increased left ventricular mass
with a tendency toward left ventricular concentric remod-
eling (88-96). This was sometimes accompanied by im-
paired ventricular relaxation (89, 90, 93-95) and decreased
exercise performance (90, 94). The favorable effect pro-
moted by thyroid hormone on diastolic performance (100,
101) may be counteracted by the adverse effect of myocar-
dial hypertrophy on diastolic function (64, 65). These ab-
normalities were improved by B-blockade or by tailoring
the L-thyroxine dose in patients with exogenous subclinical
hyperthyroidism and by methimazole in patients with en-
dogenous subclinical hyperthyroidism (89, 90, 94, 96).
The prognostic significance of increased left ventricular
mass in exogenous and endogenous subclinical hyperthy-
roidism is unclear because of the scarcity of epidemiologic
studies on cardiovascular risk in these patients (99, 102).
Patients with endogenous subclinical hyperthyroidism have
been reported to have a higher rate of death from all
causes, but especially from circulatory disease, than people
with normal thyroid function (103). The mechanisms by
which subclinical hyperthyroidism may increase mortality
from cardiovascular disease are unknown. Although left
ventricular mass in patients with subclinical hyperthyroid-
ism is not sufficiently high to be classified as “left ventric-
ular hypertrophy,” an increase in left ventricular mass is
more likely to be harmful than beneficial (104-106). In-
creased heart rate may also increase risk for cardiovascular
and noncardiovascular death (107). Finally, because in-
creased morbidity and mortality from thromboembolic
events are associated with atrial fibrillation, subclinical hy-
perthyroidism in older patients may be considered a risk
factor for thromboembolism.

9103 December 2002 | Annals of Internal Medicine | Volume 137 * Number 11

GENERAL CONSIDERATIONS

Despite the high prevalence of subclinical thyroid dys-
function in the general population, treatment of this con-
dition is controversial (66, 108—117). Our overview of the
cardiovascular effects induced by subclinical hypothyroid-
ism and subclinical hyperthyroidism shows that minimal
but “persistent” changes in thyroid hormone levels, as oc-
cur in subclinical thyroid dysfunction, cause changes in the
heart. Large epidemiologic studies have shown that, in el-
derly persons, subclinical hypothyroidism is associated with
increased risk for atherosclerosis and coronary artery dis-
ease (58), whereas subclinical hyperthyroidism is associated
with increased mortality from all causes, but especially
from cardiovascular disease (103). Further research is
needed to clarify better the intrinsic mechanisms by which
subclinical thyroid dysfunction affects cardiovascular risk.

The data show that subclinical thyroid dysfunction is
not a compensated biochemical state, and hence timely
treatment could help to prevent cardiovascular involve-
ment. An important observation to emerge from this re-
view is that changes in cardiovascular measures can also be
found in subclinical hypothyroid patients with TSH values
less than 10 mU/L. According to the literature, “persistent”
subclinical hypothyroidism with TSH values stably above
4.0 mU/L should be treated, particularly if associated with
thyroid antibodies. The benefits of treatment are an im-
proved lipid profile, possible reduced risk for atherosclero-
sis and coronary artery disease, prevention of cardiac mor-
phologic and functional abnormalities and progression to
overt hypothyroidism, a modest symptomatic benefit after
L-thyroxine, and prevention of goiter in some patients. The
L-thyroxine dose must be lower in patients with subclinical
hypothyroidism than in those with overt disease (1.0 pg/kg of
body weight vs. 2.0 ug/kg), and patients must be moni-
tored until the optimal replacement dose is achieved.
Young and middle-aged patients may start with 25 ug of
L-thyroxine, with progressive increases in the dose until the
TSH level ranges from 1 to 2 mU/L. If TSH concentrations
remain normal, values may be checked every 6 to 12
months. In elderly patients with subclinical hypothyroid-
ism, it is prudent to begin with a low dose of L-thyroxine
(12.5 to 25 ug) and then titrate the dose upward at 4- to
6-week intervals on the basis of serial TSH determinations
and clinical evaluation. Cardiac conditions should be as-
sessed before initiating therapy to avoid exacerbation of
ischemic heart disease. The target dose of L-thyroxine is
lower in elderly patients than in young and middle-aged
patients because of decreased thyroxine metabolism in the
former group.

Because the most common cause of subclinical thyroid
dysfunction is L-thyroxine therapy (15), periodic evalua-
tions of serum TSH levels seem justified to ensure that
replacement therapy is not under- or over-prescribed. Ap-
propriate replacement therapy to maintain TSH levels in
the normal range is necessary in hypothyroid patients to
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avoid the adverse cardiovascular effects of mild thyroid
hormone excess or deficiency.

Given the increased mortality in patients with subclin-
ical hyperthyroidism older than 60 years of age, subnormal
TSH concentrations should be avoided in elderly patients
(103, 117). Before surgery or iodine 131 therapy, elderly
patients with subclinical hyperthyroidism should receive treat-
ment with low doses of antithyroid drugs or B-blockers.
However, the cardiovascular risk related to the increased
left ventricular mass and to the deleterious effects of overt
thyrotoxicosis in hearts previously exposed to prolonged
subclinical hyperthyroidism should also be considered in
younger patients (118).

L-thyroxine suppressive therapy must be carefully cus-
tomized in patients with benign thyroid disease; TSH con-
centrations should be maintained at the low end of normal
range, and treatment outcome should be assessed after 6 to
12 months of therapy. Long-term TSH suppressive therapy
must be associated with periodic cardiovascular assessment.
Cancer recurrence and mortality rate may be increased in
patients with differentiated thyroid cancer who are inade-
quately treated with L-thyroxine (119). New guidelines for
L-thyroxine therapy are needed for patients with the high-
est-risk tumors to maximize the benefit of therapy on thy-
roid cancer cell growth while avoiding the long-term ad-
verse effects of TSH suppression. In the meantime,
B-blockade may be considered in patients with adrenergic
hyper-responsiveness to L-thyroxine, since it blunts the in-
crease in heart rate, prevents the development of left ven-
tricular hypertrophy, and effectively reduces the risk for
supraventricular arrhythmias (89, 90, 93, 97).
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