
Abstract. – Background and Objec-
tives: Thyroid dysfunction is common in the
elderly. We sought to explore thyroid hormone
patterns in a series of elderly patients under-
going elective coronary procedures and their
relation to the extent of coronary artery dis-
ease.

Materials and Methods: We enrolled 81
consecutive elderly patients admitted to under-
go elective diagnostic or interventional coro-
nary procedures. Samples were collected for
assay of free thyroxin, free tri-iodothyronine,
thyroid stimulating hormone, anti-thyroglobu-
lin and anti-thyroid peroxidase antibodies. Ac-
cording to the number of coronary arteries af-
fected by significant stenosis (≥70% luminal
obstruction), we classified patients into a
group with insignificant coronary disease, an-
other with single vessel disease, and a third
group with multi-vessel disease. 

Results: Forty one (50.6%) patients were eu-
thyroid, two patients (2.5%) had subclinical hy-
pothyroidism, and 12 (14.8%) had clinical hy-
pothyroidism. Yet, neither subclinical nor clini-
cal hypothyroidism was statistically different
among the 3 groups, (p >0.05 for both). Addi-
tionally, 3 patients (3.7%) had subclinical, and 2
(2.5%) had clinical hyperthyroidism. Finally, 21
patients (25.9%) had sick euthyroid syndrome.
Again, all were statistically similar between the
study groups, (p >0.5 for all). Similarly, both an-
ti-thyroglobulin antibodies and anti-thyroid per-
oxidase antibodies were statistically similar
among the 3 groups (p >0.05 for both).

Conclusion: Thyroid hormone disturbances
are quite frequent in elderly patients undergo-
ing elective coronary procedures, chiefly in the
form of a hypothyroid state. These data do not
support that thyroid hormone patterns relate to
the extent of coronary artery disease in the el-
derly.
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Introduction

Thyroid dysfunction is common in the elderly,
being associated with significant morbidity if left
untreated. Hypothyroidism occurs in 10% of fe-
males and 2% of males above 60 years1. Hyperthy-
roidism, on the other hand, is more common in
younger subjects. Its prevalence in the elderly is ap-
proximately 2%2. Nevertheless, 10 to 15% of pa-
tients with hyperthyroidism are older than 60 years3. 

Subclinical hypothyroidism, defined as an
asymptomatic state with elevated serum thyroid
stimulating hormone (TSH) levels in the presence
of normal free thyroxin (T4) values4, affects 5-15%
of the general population, being more prevalent
among females above 60 years of age4,5. Minimal
but “persistent” changes in thyroid hormone levels,
as occurs in subclinical thyroid dysfunction, may
induce changes in the cardiovascular system. Large
epidemiologic studies have shown that, in elderly
persons, subclinical hypothyroidism is associated
with increased risk of atherosclerosis and coronary
artery disease, whereas subclinical hyperthy-
roidism is associated with increased mortality from
all causes, but chiefly from cardiovascular ones6.

In a cross-sectional study design, we tried to
explore thyroid hormone patterns in a series of
elderly patients, undergoing elective coronary
procedures; and to search for a possible relation-
ship, if any, between these patterns and the extent
of coronary artery disease, in terms of the num-
ber of vessels affected by significant stenosis.

Materials and Methods

Patient Selection
We enrolled 81 consecutive patients admitted

to our catheterization lab, to undergo elective
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diagnostic or interventional coronary proce-
dures, during the period from February to Sep-
tember 2008. Patients were considered eligible
for enrollment if they were over 60 years of
age, with an angiographic evidence of athero-
sclerotic coronary artery disease. We excluded
patients with non-atherosclerotic coronary
artery disease and those on medications that
might interfere with thyroid hormone testing,
for example: amiodarone, radioactive iodine,
corticosteroids, etc. Before inclusion, an in-
formed written consent was obtained from each
patient after full explanation of the study proto-
col. The study protocol was reviewed and ap-
proved by our Local Institutional Human Re-
search Ethical Committee as it conforms to the
ethical guidelines of the 1975 Declaration of
Helsinki, as revised in 2002.

Definition of Risk Factors
The presence of hypertension was defined as a

systolic blood pressure ≥140 mmHg and/or a di-
astolic blood pressure ≥90 mmHg, previously
recorded by repeated non-invasive office mea-
surements, which lead to life-style modification
or antihypertensive drug therapy. The presence of
diabetes mellitus was defined as a fasting plasma
glucose ≥126 mg/dl, and/or a 2-hour postload
oral glucose ≥200 mg/dl, or specific anti-diabetic
drug therapy.

Thyroid Profile Assessment
Fasting serum samples were collected from

all patients and processed within 30 minutes, af-
ter which they were kept frozen at -20 °C. We
assayed the levels of free tri-iodothyronine
(T3), free T4 using T3, T4 Accubind ELISA
Microwells, respectively (Monobind, Inc. Lake
Forest, CA (92630) USA). Values between 1.4
and 4.2 ng/dl, 0.8 and 2.5 ng/dl were considered
normal for free T3 and free T4, respectively.
Moreover, serum TSH, anti-thyroglobulin anti-
bodies and anti-thyroid peroxidase antibodies
were assessed using TSH, anti-thyroglobulin,
and anti-thyroid peroxidase Accubind ELISA
Microwells, respectively (Monobind, Inc. Costa
Mesa, CA (92627) USA). Values between 0.28
and 5.6 mU/L were considered normal for TSH.
Test results for thyroid autoimmunity were con-
sidered positive if levels were greater than 125
IU/ml for anti-thyroglobulin antibodies, and
greater than 40 IU/ml for anti-thyroid peroxi-
dase antibodies.

Coronary Angiography
All patients underwent selective left and

right coronary arteriography using the standard
technique, and the angiographic data were indi-
vidually reviewed by an experienced cardiolo-
gist blinded to both the clinical and lab data.
Patients were considered to have significant
coronary stenosis if they had at least 70% lumi-
nal obstruction of at least one sizable coronary
artery (measuring 2.5 mm or more in diameter),
seen in 2 different projections, or at least 50%
luminal obstruction of the left main coronary
artery. Patients with significant stenosis of the
left main coronary artery were considered to
have two arteries affected by significant steno-
sis. Arteries, for which prior percutaneous an-
gioplasty or coronary artery bypass grafting
was performed, were counted as significantly
diseased ones. Finally, we classified patients
into a group with insignificant coronary disease
(ICD) having no significant coronary stenosis;
another with single vessel disease (SVD) hav-
ing significant stenosis affecting only one coro-
nary artery; and a third group with multi-ves-
sels disease (MVD) having more than one coro-
nary artery affected by significant stenosis.

Definitions of Thyroid Hormone Patterns
Clinical hypothyroidism was defined as a

serum TSH concentration above the defined up-
per limit of normal with serum free T4 concentra-
tion below the lower limit of normal. Subclinical
hypothyroidism was defined as a serum TSH
concentration above the defined upper limit of
normal with serum free T4 concentration within
the reference range. Clinical hyperthyroidism
was defined as a serum TSH level below the de-
fined lower limit of normal with increased serum
levels of both free T4 and free T3. Subclinical
hyperthyroidism was defined as a serum TSH
concentration below the defined lower limit of
normal with both serum free T4 and free T3 con-
centrations within the reference ranges. Sick eu-
thyroid syndrome was defined as any abnormal
result not matching the above definitions.

Statistical Analysis
All continuous variables were presented as

mean ± SD, if they were normally distributed.
Data were tested for normal distribution using the
Kolmogorov-Smirnov test. Categorical variables
were described with absolute and relative (per-
centage) frequencies. Pearson’s Chi-Square test
was used to compare the distribution of categori-
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cal variables (including the pre-specified defini-
tions of thyroid disorders), while the ANOVA test
was used to compare continuous variables be-
tween the 3 individual study groups. All analyses
were 2-sided and a probability value of p <0.05
was considered statistically significant. Analyses
were performed with SPSS version 12.0 statistical
package (SPSS Inc., Chicago, IL, USA).

Results

Baseline Clinical Characteristics
A total of 81 elderly patients were enrolled in

the current study, which comprise 32 patients
with MVD group, 34 with SVD group, and 15
with ICD group. Table I shows the baseline char-
acteristics of the whole study population, as well
as the 3 individual study groups. The mean age
of the whole study cohort was 64.1 ± 4 years, 56
patients (69.1%) being males. The 3 individual
study groups were statistically matched regarding
age, gender, coronary risk factors, and body mass
index (BMI).

Thyroid Hormone Profile
According to our pre-specified definitions of

thyroid disorders, 41 (50.6%) patients were eu-
thyroid, two patients (2.5%) had subclinical hy-
pothyroidism, and 12 (14.8%) had clinical hy-
pothyroidism. Yet, neither subclinical nor clinical
hypothyroidism was statistically different among
the 3 groups, (p >0.05 for both). Additionally, 3
patients (3.7%) had subclinical, and 2 (2.5%) had
clinical hyperthyroidism. Finally, 21 patients
(25.9%) had sick euthyroid syndrome. Again, all
were statistically similar between the study
groups (p >0.5 for all). 

Correlation of Thyroid Hormones with
the Extent of Coronary Artery disease

No statistically significant difference was
found among the 3 groups as regards the levels
of free T4 (MVD, 1.5 ± 0.8; SVD, 1.5 ± 0.5;
ICD, 1.2 ± 0.5 ng/dl); free T3 (MVD, 1.5 ± 0.7;
SVD, 1.6 ± 0.4; ICD, 1.7 ± 0.4); nor TSH
(MVD, 1.6 ± 1.7; SVD, 1.8 ± 1.6; ICD, 3.1 ± 2.7
mU/L), p >0.05 for all. Similarly, both anti-thy-
roglobulin antibodies and anti-thyroid peroxidase
antibodies were statistically similar among the 3
groups (p >0.05 for both) as shown in Table II.

Discussion

Several reports have previously noted a possi-
ble association between abnormal levels of thy-
roid hormone and the risk of cardiovascular dis-
ease7-11. Even mildly altered thyroid status report-
edly affects serum cholesterol12, heart rhythm13

and rate14 ventricular function15,16, risk of coro-
nary artery disease7,11,17 and cardiovascular mor-
tality8. Nevertheless, both case-control and cross-
sectional studies have yielded contradicting re-
sults, and evidence remains controversial18-21. In
the current study, we classified patients accord-
ing to the extent of coronary artery disease ex-
pressed as the number of coronary arteries affect-
ed by significant stenosis (seen by coronary an-
giography), searching for a possible relationship
with known indices of thyroid function.

In contrast to some prior reports7,20-22, we did
not observe any significant association between
the level of any of the T4, T3 nor TSH on one
hand and the increasing extent of coronary steno-
sis on the other. This is particularly, in disagree-
ment with the findings of Auer et al which sug-
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Table I. Baseline clinical characteristics of patients in the whole series and the 3 individual study groups.

All continuous variables are presented as mean ± SD, while categorical variables are presented as numbers (percentage). MVD:
multiple vessel disease; SVD: single vessel disease; ICD: insignificant coronary disease; BMI: body mass index).

Total series MVD group SVD group IVD group
(N = 81) (N = 32) (N = 34) (N = 15) P

Age (years) 64.1 ± 4 64.3 ± 4 63.3 ± 4 65.3 ± 5 > 0.05
Males 56 (69.1) 23 (71.9) 29 (85.3) 4 (26.6) > 0.05
Diabetes 41 (50.6) 15 (46.9) 22 (64.7) 4 (26.6) > 0.05
Hypertension 51 (62.9) 19 (59.4) 23 (67.7) 9 (60) > 0.05
Smoking 32 (39.5) 11 (34.4) 20 (58.8) 1 (6.7) > 0.05
BMI 30.8 ± 5 31.1 ± 4 30.4 ± 6 30.8 ± 7 > 0.05
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gested that variation of thyroid function within
the normal range may influence the presence and
severity of coronary atherosclerosis, as revealed
by the number of affected arteries on coronary
arteriography22. However, in our study, only
50.6% had a normal range of thyroid hormones,
while the others (near 50%) had evident or subtle
hyper- or hypothyroid function. This implies a
wider range of thyroid hormone profiles screened
in this study and thence a greater probability of
the results to be representative of the real-life
population in the cath lab, and to reflect a rela-
tion, if any, between thyroid hormone levels and
the extent of coronary disease. Moreover, they
defined coronary stenosis by ≥50% diameter
stenosis, in distinction of our definition of ≥70%
stenosis. Thus they included more patients as
having significantly diseased vessels as we actu-
ally did. Yet, in accordance with our findings,
other previous reports found no association be-
tween latent thyroid failure and coronary heart
disease7,18,23.

Likewise, we found no association between
coronary disease extent and antibodies to either
thyroglobulin or thyroid peroxidase. Previously,
it was suggested that pathologic autoimmune re-
activity may play a role in the association be-
tween autoimmune thyroiditis and coronary heart
disease24. Autoimmune thyoiditis is a frequent
cause of hypothyroidism, especially in elderly
women25,26. The reported literature on this regard
has been again controversial. Some investiga-
tions found an association between thyroid au-
toimmunity and coronary heart disease20,21,27-29,
while others did not7,18,19,23,30. This may be attrib-
utable to the varied definitions of thyroid autoim-
munity, as well as to diverse generations of anti-
body assay kits7.

Clinical Implications
These data demonstrate that an appreciable

fraction of elderly patients undergoing elective
coronary procedures do have a “disturbed thyroid
profile”, in one way or another. Although it did
not bear a relationship with the number of coro-
nary arteries affected by significant stenosis, un-
masking this “hidden” problem in many elderly
patients would importantly serve to initiate ap-
propriate treatment and follow-up. Therefore, we
recommend that lab assessment of thyroid func-
tion indices be integrated in the “routine” work-
up of this vulnerable patient category.

Conclusions

Thyroid hormone disturbances are quite fre-
quent in elderly patients undergoing elective
coronary procedures, chiefly in the form of a hy-
pothyroid state. However, our data do not support
that thyroid hormone patterns relate to the extent
of coronary artery disease in the elderly.

Study Limitations
Our findings are based on a single center study

with a relatively small sample size of the cohort,
a fact that limits conclusions about a possible re-
lationship between thyroid function indices and
the extent of coronary artery disease. Multicenter
studies using the same protocol and examining a
larger number of patients are, therefore, needed.
Another possible limitation of the study is the
possibility of selection bias since we studied a
series of elderly patients referred for coronary
angiography, probably due to symptomatic is-
chemic heart disease, thus it is not known
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Table II. Thyroid hormone assay and thyroid autoimmunity test results of patients in the whole series and the 3 individual
study groups.

All continuous variables are presented as mean ± SD values, while categorical variables are presented as numbers (percentage).
MVD: multiple vessel disease; SVD: single vessel disease; ICD: insignificant coronary disease; T4: thyroxin; T3: tri-iodothyro-
nine; TSH: thyroid stimulating hormone; ATG: antithyroglobulin anibodies; ATPO: anti-thyroid peroxidase antibodies.

Total series MVD group SVD group IVD group
(N = 81) (N = 32) (N = 34) (N = 15) P

T4 (ng/dl) 1.5 ± 0.7 1.5 ± 0.8 1.5 ± 0.5 1.2 ± 0.5 > 0.05
T3 (ng/dl) 1.6 ± 0.6 1.5 ± 0.7 1.6 ± 0.4 1.7 ± 0.4 > 0.05
TSH (mU/L) 2 ± 1.9 1.6 ± 1.7 1.8 ± 1.6 3.1 ± 2.7 > 0.05
Positive ATG 10 (12.3) 4 (12.5) 1 (2.9) 5 (33.3) > 0.05
Positive ATPO 8 (9.9) 5 (15.6) 3 (8.8) 0 (0) >0.05



whether our findings can be, safely, extrapolated
to asymptomatic patients with coronary artery
disease. Finally, we must consider the fact that
elevated TSH levels may be caused by non-thy-
roid illness.
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