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Abstract

Introduction: The relationship between abnormal thyroid function and coronary heart disease has been known for a long time,
and particularly, hypothyroidism is associated with an increased risk of cardiovascular disease. The aim of this study was to
evaluate the ischemic risk by using the Duke score in women with ischemic heart disease and associated hypothyroidism before
inclusion in cardiovascular rehabilitation program.

Materials and methods: We included in the study 150 female patients admitted to the Cardiology Department of the Clinical
Rehabilitation Hospital Cluj-Napoca. All the patients included had ischemic heart disease and performed an exercise stress
testing to evaluate the effort capacity and also to stratify the ischemic risk by calculating the Duke Score. After dosing the thyroid
stimulating hormone (TSH) we divided the patients in two groups: with hypothyroidism and a control group.

Results: Patients with hypothyroidism were more frequently hypertensive, (98% vs 87%, p-0.035), and they had diabetes
mellitus in a higher proportion (51% vs 22%, p-0.005). HDL cholesterol was significantly decreased in the group of patients with
hypothyroidism: 40.36+10.39mg/dl vs 44.85+£10.29mg/dl (p-0.01). Regarding the ischemic risk assessed by the Duke score, the
statistically significant differences between the two groups were registered only for the category of high-risk patients, 5.55% vs
18% (p-0.048). Also, the TSH value was higher in the group with high-risk Duke score, 4.21£3.73ulU/ml, compared to the
moderate-risk score group, 1.95+1.12ulU/ml(p-0.05).

Conclusion: In women with ischemic heart disease, assessing thyroid function can be useful to identify patients at high risk of
ischemia. Patients with hypothyroidism tend to have a higher prevalence of cardiovascular risk factors, a higher ischemic risk
objectified by the Duke score and more commonly multivascular coronary lesions. For these patients, the inclusion in
cardiovascular rehabilitation programs is essential, but it is very important that the programs to be customized for each patient.

Keywords: coronary heart disease in women, exercise ECG, Duke score, ischemic risk, hypothyroidism, cardiovascular
rehabilitation programs

INTRODUCTION

Mortality due to cardiovascular disease in women has
significantly increased over the past years. According to
the European Society of Cardiology, in 2016 it reached a
proportion of 49% compared to 40% for the male sex,
and of the 49%, 20% was due to ischemic heart disease
(1-2).

However, ischemic heart disease is frequently
underdiagnosed in women because of its atypical
symptomatology (3). In fact, even in the presence of
typical symptoms and cardiovascular risk factors, women
are underevaluated, which is mainly due to the more
reduced specificity of the paraclinical examinations used
to assess coronary ischemic disease, particularly exercise
testing (3-5). It is known that the accuracy of exercise
ECG in women is lower due to a much higher percentage
of false positive results, but despite this, the European
2019  Chronic  Coronary  Syndrome  Guidelines

recommends performing the exercise ECG on all patients
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regardless of gender, especially those who cannot be
evaluated by imaging methods (1). Thus, the exercise
ECG remains the most widely used method for
diagnosing and evaluating ischemic heart disease
worldwide (3,7).

Regarding the pretest probability of ischemic coronary
disease, this is higher in women with typical
symptomatology and comorbidities such as hypertension,
diabetes mellitus, obesity, thyroid disease (7-9). For
ischemic risk stratification, the exercise stress ECG
remains the only alternative when imaging methods
cannot be used to estimate the risk, being recommended
for patients with suspected or newly diagnosed ischemic
coronary heart disease (1). The Duke score was devised
to estimate survival based on the results of exercise stress
testing. Furthermore, the Duke score can provide
prognosis of the degree of coronary involvement (7, 10).
Also, the latest guideline of Chronic Coronary



mailto:hoteteu@yahoo.com
mailto:bogdan912@yahoo.com

Syndromes from 2019 of the European Society of
Cardiology, defines the high risk of cardiovascular events
in patients who were evaluated by exercise ECG test,
based on the Duke score (1).

Another particularity that is frequently found in women is
thyroid function impairment. The American Thyroid
Association estimates that about 20 million Americans
have thyroid disease, and of these, women develop it 5 to
8 times more frequently than men. Also, 1 out of 8
women will develop thyroid dysfunction during their
lifetime, and especially hypothyroidism (11).
Non-diagnosis of thyroid disease is accompanied by an
increase in the risk of infertility, osteoporosis, as well as
cardiovascular disease (11). Thyroid dysfunction induces
alterations of cardiac contractility, cardiac output,
myocardial oxygen consumption, systemic vascular
resistance and blood pressure (12-14).

The relationship between abnormal thyroid function and
coronary disease has been known for a very long time,
particularly in hypothyroidism, which is associated with
hypercholesterolemia, more severe atherosclerotic
lesions, hypertension and obesity (12,14,19).

It is very important to include women in cardiovascular
rehabilitation programs. Unfortunately, in addition to
being underdiagnosed, they are generally included in a
lower percentage of about 15-17% in physical training
programs compared to male patients (15). Recovery in
women, as in the case of men, has many advantages: it
increases the effort capacityt, it contributes to the
improvement of cardiovascular risk factors (decrease in
lipid fractions, glycemia, blood pressure, weight loss and
relief of depression) (16).

The complex evaluation of women before the actual
performance of physical training is very important,
especially in terms of exercise testing, but also in terms
of comorbidities.

The aim of this study was to evaluate the ischemic risk in
women with ischemic heart disease and associated
hypothyroidism by using the Duke score.

Materials and methods

The study included 150 patients admitted to the
Cardiology Department of the Clinical Rehabilitation
Hospital Cluj-Napoca in 2017. All patients included in
the study had ischemic heart disease, either
microvascular angina or macrovascular coronary heart
disease, which was defined as coronary stenosis >70%
for coronary arteries and 50% in the case of the left main.
The diagnosis of ischemic heart disease was established
based on the exercise ECG stress testing, and
subsequently by coronary angiography, which were
performed according to the guidelines.

Exercise stress testing was considered positive when
changes > 1 mm in the ST segment, either horizontal or
descending depression, or elevation, were recorded in the
leads without pathological Q wave. Exercise testing was

interrupted  when  malignant rhythm  disorders,
uncontrolled blood pressure values, ST segment changes
> 2 mm were recorded, or in the case of limiting
symptoms (angina, severe dyspnea, marked fatigue). The
exercise stress testing was performed using a cycle
ergometer.

For each patient, the Duke score was calculated to assess
the ischemic risk, and it was calculated according to the
formula: duration of exercise — (5x ST segment
deviation) — (4x angina index score). The duration of
exercise was measured in minutes according to the Bruce
protocol, and the degree of angina was assessed and
noted with 0 — no angina, 1 — no exercise-limiting
angina, 2 — exercise-limiting angina. Depending on the
Duke score value, the patients were classified into 3
groups: low-risk for a Duke score > 5, moderate-risk for a
score between -11 and +4, and high-risk for a score of -
11 (7).

Also, the following cardiovascular risk factors were
assessed: smoking status, blood pressure, lipid profile,
obesity, diabetes mellitus, thyroid function by thyroid
stimulating hormone (TSH) measurement (the reference
TSH value being 0.4-4 ulU/ml). The free thyroxine (FT4)
fraction was only measured when TSH levels were
changed, despite a well known thyroid disease; thus, due
to the reduced number of determinations, no correlations
depending on FT4 were made.

The patients were assigned to 2 groups. The first group
was formed by patients without associated thyroid
involvement - 109 (72.7%), and the second group
included patients with associated hypothyroidism - 41
(27.3%).

Statistical analysis was performed with SPSS 16.0 and
MedCalc software (v 10.3.0.0, MedCalc Software,
Ostend, Belgium). Using descriptive analysis, the clinical
and demographic characteristics of the patients included
in the study were presented. For a numerical variable for
normal distribution evaluation — use of Kolmogorov test
— depending on care, and for the application of
parametric/non-parametric tests — the mean + standard
deviation and median were used. The differences and
correlations between quantitative variables were assessed
using Student/Mann  Whitney/ANOVA tests, and
Pearson/Spearman correlation coefficients, respectively.
A p value <0.05 was considered statistically significant.
Ethics. The present clinical study was approved by the
local Ethics Committee (approval number
2606/4.04.2018) and was performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. All patients included
in the present study gave their informed consent.

Results

The general characteristics of the patients are synthesized
in table 1. Regarding the distribution of cardiovascular
risk factors, there were no significant differences between
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the two groups for smoking (27% vs 12%), dyslipidemia
(total cholesterol 185.46+48.88mg/dl Vs
184.36+51.18mg/dl, LDL cholesterol 107.65+42.69mg/dl
vs 111.204+45.27mg/dl, triglycerides 163.94+92.92mg/dl
vs 171.90+103.3mg/dl) and obesity (70% vs 82%).

In contrast, patients with hypothyroidism were more
frequently hypertensive, 98% compared to 87% for those
without thyroid dysfunction (p-0.035), and they also had
diabetes mellitus in a higher proportion: 51% vs 22% (p-
0.005). HDL cholesterol was statistically significantly
decreased in the group of patients with associated
hypothyroidism: 40.36+10.39 mg/dl vs 44.85+10.29
mg/dl (p-0.01).

There were no significant differences regarding the mean
age of patients with associated hypothyroidism compared
to those without thyroid involvement, 65.02+9.34 vs
62.57+10.32 (p-ns). Also, the exercise capacity assessed
by the number of METs (metabolic equivalent) recorded
during the exercise stress testing, did not show
statistically significant differences between the two
groups, 5.49+1.72 vs 5.71£0.91 (p-ns).

In general, the patients included in the study had
microvascular angina in a significantly higher proportion,
66.66% compared to only 33.33% with significant
coronary lesions described by angiography (p= 0.036),
differences that also occurred when we compared the
type of coronary heart disease according to the two
groups. The results are summarized in table 1.

Table 1. General characteristics of the patients

included in the study

Group 1 Group 2 P value

Without With

thyroid hypothyroidism

disease
Age 62.57£10.32 | 65.02+9.34 p -ns
Smoking 27% 12% p -ns
Total 185.46+48.8 | 184.36+51.18 mg
cholesterol 8 mg/dl /dl p-ns
LDL 107.65+42.6 | 111+45.27 mg /
cholesterol 9 mg/dl dl p-ns
Triglycerides 163.94+92.9 | 171.90+103.3 mg

2 mg/l /d1 p-ns
HDL 44.85£10.29 | 40.36+£10.39 mg / p=0.01
cholesterol mg/d dl :
Obesity 70% 80% p- ns
Hypertension 87% 98% p =0.035
z‘e“l'l“i‘:l‘;s 22% 51% p = 0.005
Microvascular | ;4 7 g8 | 26 (32.2%) p =0.032
angina
Macrovascular
ischemic heart | 35 (63.41) 15 (36.59%) p = 0.040
disease
Mean Duke | 515+ 405 | 710439 p-ns
score value
Number of
METs 5.49+1.72 5.71+0.91 p- ns

In the group of patients with hypothyroidism and
macrovascular coronary lesions, the majority, 60%, had
trivascular lesions, 26.66% had bivascular lesions, and
13.33% had univascular coronary lesions, while in the
group with normal thyroid function 42.85% had
trivascular lesions, 28.57% had bivascular and also
univascular coronary lesions. (Fig. 1)
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p-0.032 60%
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p-0.040 p-ns 42.85%

40
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M Group 1- without hypothyroidism B Group 2- with hypothyroidism

Figure 1. The magnitude of macrovascular coronary
impairment  depending on  the associated
hypothyroidism

The mean Duke score value was 5.5881+ 4.179, with
recorded values between -13.1600 and +9.3700. There
were no statistically significant differences in the Duke
score values between the two groups (5.12+4.05 vs
7.10+4.39, p-ns).

From the point of view of ischemic risk assessed based
on the Duke score, we divided the patients into the three
risk categories, low-risk, moderate-risk and high-risk.
Analyzing the differences between the two groups,
according to the Duke score risk category, we obtained a
statisticallu significant difference but only for the high-
risk category 5.55% vs 18% (p-0.048), in contrast with
the moderate-risk category (91.9% vs 80.6%, p-ns) and
low-risk category (2.6% vs 1.4%, p-ns). (Table 2)

Table 2. Ischemic risk assessed depending on the
Duke score value

Duke score | Group 1 Group 2
Without With P value
thyroid disease | hypothyroidism
Low risk 2.6% 1.4% p-ns
Moderate 91.9% 80.6% p-ns
risk
High risk 5.55% 18% p-0.048

In general, the mean TSH value did not show significant
differences between women with microvascular angina
and those with macrovascular coronary lesions, except
when this was correlated with the Duke score value, the
TSH value being higher in the group with high-risk Duke
score, 4.21£3.73 plU/ml, compared to the moderate-risk
score group, 1.95+1.12 pulU/ml (p-0.05) (Fig. 2).

250




.
g 5
g .
" . *
. 2
g e
3. ¥
P
o '\\
0"
. > \\
* \
S S

TSH (uUl/mL)

Figure 2. The relationship between the severity of
hypothyroidism and ischemic risk. Increased TSH
values are correlated with a high risk Duke score.

Most of the patients with associated hypothyroidism,
respectively 85.36% were on hormone replacement
therapy. The remaining 14.63% of patients were patients
with newly diagnosed hypothyroidism, so patients in
whom thyroid replacement therapy has not yet been
prescribed.

When we analyzed patients with hypothyroidism and
high-risk Duke score, we noticed that no patient in this
category had received thyroid replacement therapy. In
contrast, the highest proportion of patients with
hypothyroidism undergoing thyroid replacement therapy,
77.15%, were in the category of patients with a low-risk
Duke score. The rest of patients 22.85%, on treatment for
thyroid hypofunction, were assigned to the moderate-risk
category of Duke score.

Discussions

It is well known that women are cardiologically
underevaluated and underdiagnosed, because pain is most
frequently atypical, only 29.7% of all women
complaining of typical angina pain (3,6).

Many studies have demonstrated that women present to
the emergency service much later, after the cardiac
lesions have developed, precisely due to atypical
symptoms. Under these circumstances, women who
present to emergency departments are likely to be
investigated less rigorously, which delays both diagnosis
and treatment administration. Also, women diagnosed
with coronary disease benefit to a lesser extent from non-
invasive or invasive diagnostic methods, as well as from
adequate treatment methods (3,6,18).

Thus, the exercise stress testing is used in a lower
proportion compared to male patients, even in the
presence of risk factors and typical symptomatology,
consequently in the case of a high-risk class. One of the
reasons why exercise testing is less used in women is the

higher number of false positive results recorded among
them. The explanation for these false positive results is
the angiographic result with normal coronary arteries, but
let's not forget that these results come from older studies,
in which coronary microvascular circulation was not
tested, microvascular angina being a relatively new entity
and more common in women. However, only a quarter of
the women who have not performed an exercise test are
investigated by other diagnostic methods (3,7-9).
Nevertheless, the exercise test remains the most widely
used diagnostic method for ischemic heart disease, and
even if the sensitivity and specificity is lower in women
compared to men, the ESC guideline for chronic coronary
syndrome it's not making a difference between sex and
recommends the exercise ECG as a first class indication,
especially in those who cannot be evaluated throught
imaging methods (1). However, the exercise test has
proved to have a high predictive value in women with a
low pretest probability of coronary disease (7-9). At the
same time, exercise testing is essential and mandatory
even before the inclusion of patients in cardiovascular
rehabilitation programs. In this regard, the exercise test
provides useful information regarding the calculation of
submaximal heart rate, ischemic and arrhythmic risk (17).
Thus, given the less specific ECG changes in women,
other parameters can guide the interpretation of the
subsequent exercise test and therapeutic approach, one of
these parameters being the Duke score. This has proved
to be highly predictive for diagnosing ischemic heart
disease in women, with a higher specificity in women
than in men (7,8,19).

Studies show that patients with a high-risk Duke score
have a 376 times higher probability to have significant
coronary stenosis compared to those with a low-risk
Duke score (8,20). Also regarding the Duke score risk
class in women with ischemic heart disease, those who
were assigned to the high-risk class had more significant
lesions, at least one lesion of 75%, or had multivascular
lesions (9,20). Thus, the Duke score provides accurate
information regarding diagnosis and prognosis in the
assessment of patients with a clinical suspicion of
ischemic heart disease (21).

So far, studies evaluating the importance of the Duke
score in women have been mainly comparative, between
men and women, while no study examines the
importance of the Duke score for stratification of
ischemic risk in women with ischemic heart disease and
other comorbidities, such as hypothyroidism, a pathology
which is associated with an increased cardiovascular risk.
The association between ischemic heart disease and
hypothyroidism has been known for a very long time.
Thyroid hormones have the ability to alter smooth
vascular cells and endothelial vascular function, with an
important role particularly in the case of hypothyroidism,
where arterial compliance is reduced; subsequently, there
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is an increase in vascular resistance with the development

of arterial hypertension (13,22-25). Excessive
hypothyroidism is characterized by a significant increase
in LDL cholesterol and hypercholesterolemia, but these
alterations of the lipid profile are reversible with thyroid
hormone replacement therapy (25). These changes
secondary to hypothyroidism, ie hypertension, especially
through an increase in the diastolic blood pressure value,
and dyslipidemia, lead to an acceleration of the
atherosclerotic process and increased the risk for
ischemic heart disease (23,24).

In the myocardium, thyroid hormones influence both
diastolic relaxation and contractile function, with a pro-
angiogenic effect and an important role in the
maintenance of extracellular matrix homeostasis.
Endothelial function is also affected, particularly in
hypothyroidism, through a decrease in vascular smooth
muscle relaxation mediated by nitric oxide. The low T3
(triiodothyronine) level increases oxidative stress and
apoptosis, which lead to a worsening of the ventricular
function (12,24-26). It has been proved that in post-
myocardial infarction patients, thyroid hormones
influence the left ventricular structure, geometry and
function (27). Other studies have shown that in patients
with STEMI (ST-Elevation Myocardial Infarction) and
associated thyroid disease, there is a 3.5-fold higher risk
of complications such as cardiogenic shock or even
death, compared to patients with STEMI without
associated thyroid pathology (12,28-29). In fact, the
association of a reduced level of thyroid hormones should
be considered a cardiovascular risk factor.

In our study, there were no significant differences
between the two groups regarding the values of total
cholesterol, LDL cholesterol and triglycerides, while the
majority of the included patients had a mild form of
thyroid hormone imbalance. This finding is in accordance
with the literature studies, which report a slight increase
in lipid fractions for patients with mild thyroid
dysfunction, but not for those with moderate or severe
thyroid hormone imbalance (30-31).

HDL cholesterol was significantly decreased in the
second group, which included patients with
hypothyroidism. In addition to the well known effect of
thyroid hormones on LDL cholesterol metabolism, some
studies have also demonstrated their influence on HDL
cholesterol metabolism. Thyroid hormones influence the
metabolism of HDL cholesterol through their effect on
hepatic lipase (HL) (31). Certainly, there are studies that
correlate hypothyroidism with extremely low plasma
HDL cholesterol levels and extensive atherosclerotic
plaques (32).

In the current study, in patients with hypothyroidism,
hypertension was present in a higher proportion than in
those without this disease. Both hypothyroidism and
hyperthyroidism can increase the risk of arterial

hypertension, but this is present in a much higher
percentage in the case of patients with hypothyroid status
(33). Arterial stiffness is higher in hyperthyroidism,
especially due to the effect of thyroxine on the
endothelium and vascular smooth muscles, mediated by
ion channels and nitric oxide (35). Also,
calcium/calmodulin-dependent  protein  kinase IV
(CaMKIV) plays an important role in regulating blood
pressure by controlling the activity of endothelial nitric
oxide synthase (eNOS) (33,34).

The hemodynamic effects of hypothyroidism are opposite
to those found in hyperthyroidism, although clinical
manifestations are less obvious, bradycardia being the
most frequent sign, along with hypertension (33). Patients
with hypothyroidism have more reduced renin release,
with higher secondary sensitivity to salt consumption;
thus, renal reabsorption leads to a 5.5% increase in blood
volume. About 30% of patients with hypothyroidism
have increased diastolic blood pressure values (13,33).
Also, in hypothyroidism there are important changes in
lipid metabolism, with hypercholesterolemia, changes in
the carotid intima-media thickness, peripheral vascular
resistance, all of which increase the incidence of
hypertension and aggravate hypothyroidism. Under these
circumstances, a vicious circle is created, with blood
pressure worsening (33). Our study confirms the
previously mentioned data, arterial hypertension being
found in a higher proportion in the group of patients with
hypothyroidism.

The high ischemic risk and multivascular lesions in
patients with diabetes mellitus are well known. At the
same time, the close interrelation between diabetes
mellitus and thyroid disease is equally well known; both
hypothyroidism and hyperthyroidism have proved to be
frequently associated with diabetes mellitus (36,37). The
American Thyroid Association Guidelines recommend
even more frequent testing of thyroid function in patients
with diabetes mellitus (39). A meta-analysis reported that
about 11% of patients with diabetes mellitus had
associated thyroid disease, with a higher prevalence
among female patients (38).
The pathophysiological mechanisms are complex,
involving genetic changes, carbohydrate metabolic
changes, all these factors contributing to insulin
resistance (38). The current study confirms the literature
data. Patients in the second group, with associated
thyroid disease, had in a higher proportion associated
diabetes mellitus compared to those without thyroid
involvement.

A study conducted in Shanghai on 1799 patients
demonstrated that TSH and FT4 levels were associated
with ischemic coronary disease, and also with the
severity of atherosclerotic lesions, an association that
became insignificant after adjustment of free FT4 values
(25). However, this study did not demonstrate an
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association of thyroid function with euthyroidism and
ischemic coronary disease.

Consequently, the association of a thyroid dysfunction
places the patient in a high cardiovascular risk category.
Therefore, the Duke score should also have a higher
sensitivity and specificity in this category of patients.
Nevertheless, in our study there were no significant
differences in the Duke score between patients with and
without associated hypothyroidism. From the point of
view of ischemic risk assessed based on the Duke score,
there were significant differences between the two groups
only for the high-risk Duke score category, not for the
moderate-risk category. In general, there were no
significant correlations between the TSH value and the
Duke score, except for patients with a high-risk Duke
score, in which the TSH value was higher in the case of
hypothyroidism compared to no thyroid involvement.
This study confirms the conclusions of other studies
related to the reduction of the severity of ischemic risk
and atherosclerosis after thyroid dysfunction correction,
especially in patients with hypothyroidism. In our study,
patients with a high-risk Duke score were those without
any thyroid replacement therapy, while the majority of
patients on endocrine treatment were assigned to the low-
risk Duke score class. This confirms the hypothesis that
thyroid function correction reduces ischemic risk and
consequently, improves the long-term prognosis of
patients (25).

Conclusions

In conclusion, in women with ischemic heart disease,
assessing thyroid function can be useful to identify
patients at high risk of ischemia, risk assessed by
calculating the Duke score based on the result of the
exercise ECG stress testing. Also, in patients with
macrovascular coronary involvement, associated thyroid
disease and a high-risk Duke score tend to lead to
multivascular coronary involvement, with a poorer
prognosis. At the same time, the absence of treatment for
thyroid disease is associated with a high-risk Duke score,
which obviously entails a higher ischemic risk. Ischemic
risk assessment in this category of patients is extremely
useful especially when they are following a physical
training program.

Further studies including a much greater number of
patients with ischemic heart disease and associated
hypothyroidis are required to confirm the results obtained
in our study.
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