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Abstract
The common reason behind the development of thyrotoxic heart disease is toxic diffuse goiter via
hyperthyroidism. The effect of cardiovascular complexities and quality of life related to health in
Chinese patients with thyrotoxic heart disease secondary to toxic diffuse goiter has been evaluated.
During July 2013-June 2015 patients were diagnosed with thyrotoxic heart disease secondary to toxic
diffuse goiter. Clinical assessment was performed at baseline and after restoration of euthyroid state
follow-up. A questionnaire was created and used to study the quality of life related to health in them.
Cohort study data for 73 patients was obtained. However, around half (35) of these patients with
thyrotoxic heart disease secondary to toxic diffuse goiter were agreed to participate further in
investigation of their quality of life related to health. The frequency of cardiovascular complexities
before and after anti-thyroid therapy was recorded. A significant reduction in respective values was
observed as: thyrotoxic cardiomyopathy (78% vs. 24%), ventricular extrasystole (72% vs. 7%), systolic
blood pressure (158 vs. 126; in mm), diastolic blood pressure (85 vs. 68; in mm), congestive cardiac
failure (68 vs. 18; in %), resting heart rate (124 vs. 76; in bpm) and atrial fibrillation (71 vs. 19; in %).
In all the domains, improvement in quality of life related to health was observed. There is a strong
association of reduction in cardiovascular complexities and of increment in quality of life related to
health with respect to restoration of euthyroidism in Chinese patients.
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Introduction
Thyrotoxic heart disease has been classified as the
development of various cardiovascular complexities which
results because the excess of thyroid hormones affect
peripheral vasculature and cardiac myocytes, directly. It could
manifest
as
thyrotoxic
cardiomyopathy,
ventricular
extrasystole, congestive cardiac failure, elevated resting heart
rate, atrial fibrillation, arterial high blood pressure (bp), and
cardiac hypertrophy [1-4]. The common cause behind
thyrotoxic heart disease is toxic diffuse goiter (TDG) [5],
which is associated with hyperthyroidism constituting up to 5%
of all endocrine disorders in several countries [6,7]. Besides,
the reason behind the development of psychiatric disorders is
the deregulation of thyroid hormones and its influence on
neurotransmitters through hyperthyroidism [8,9].
Quality of life related to health (QLrH) includes anxiety and
depression as prime dimensions along with other dimensions as
pain, mobility, discomfort, self-care etc. A number of clinical
studies have suggested that hyperthyroidism may lead to
anxiety and depression [10-13]. Concurrently, anxiety and
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depression may lead to thyroid abnormalities [14,15] as well as
it may lead to various cardiovascular-based risks or even to
cardiovascular-based deaths [16] and thus it can be said that
depression and cardiovascular-related results are interrelated
and this has been established in recent past [17-21]. Even then,
studies in which depression has been assessed by means of
interview-validated questionnaires have not been explored
much and thus the precise relationship between
hyperthyroidism and depression remains unclear. QLrH
diminish due to thyrotoxic heart disease along with TDG
[22-24]. Anti-thyroid drugs and β-adrenergic receptor
antagonists are the preferential action to deal with TDG in
Europe and Southeast Asia [25,26] because they eliminated
hyperthyroidism and normalized the cardiovascular dimensions
along with as well as QLrH [27-29]. Several authors have
reported the effect of QLrH in different patients with
hyperthyroidism or cardiovascular complexities [22-24,30-32]
but up to a limited extent and so far the features of TDG in
Chinese patients are less known. Thus our study is the first
study of its own kind to reveal the association of thyrotoxic
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heart disease secondary to TDG with specific focus on quality
of life related to health in Chinese patients.

Materials and Methods
The ethical committee of Tengzhou Central People’s Hospital
(China) has approved the study and consent procedure. The
name of chairperson of ethics committee was Fengchun
Wang, the identification of ethical committee was
20153545431, the protocol number and data of approval is
June 4th of 2013. Written consent of all the participants who
participated in the study was taken.
The patients were diagnosed between July 2013 to June 2015.
Total 1252 patients were diagnosed with TDG among 2687
patients suffering from hyperthyroidism. Only 93 patients were
appeared with thyrotoxic heart disease and hence participated
in our study. Finally follow-up data and clinical information for
73 patients were obtained. Of these, only 35 patients with
thyrotoxic heart disease secondary to TDG were further
participated in QLrH investigation section of our study. A

criterion for inclusion of patients was set in which TDG was
diagnosed only with thyroid hormone disease and overt
hyperthyroidism. Except this, the rest of the patients suffering
from several diseases such as lung/liver failures, cancer or
other infectious disease, any kind of history of coronary
thrombosis or cardiac failures, secondary arterial high blood
pressure, or any other congenital cardiac defects were
excluded. An anti-thyroid therapy (AtT) was applied to all the
patients using carbimazole with titration regimen method.
However, in order to treat cardiological complexities, patients
were administered with three types of medicines such as
angiotensin-converting enzyme (ACE) inhibitor (captopril), βadrenergic receptor antagonist (atenolol) or angiotensin II
receptor blocker (fimasartan) (Table 1). During this study the
patients were diagnosed before AtT (at baseline) means when
TDG was diagnosed and after the follow up means
establishment of stable euthyroidism. Follow up with respect to
thyroid based and cardiovascular based examinations and
investigation of QLrH section have included these two
assessments.

Table 1. Medical treatment of cardiological complexities before the antithyroid therapy (AtT) and after the follow-up.
Medicine

Captopril

Medicine’s action

Angiotensin-converting
inhibitor

AtT (at baseline)

AtT (after follow up)

Atenolol

Fimasartan

enzyme β-Adrenergic receptor antagonist

Angiotensin II receptor blocker

Daily dosage*

10/5-42

72/30-100

45/10-55

n

54 (74%)

73 (100%)

4 (5%)

Daily dosage*

5.2/ 2.8-6

39/14-52.2

0

n

16 (22%)

16 (22%)

0

AtT is antithyroid therapy; *mg, mean/range; n is number of patients under therapy

Investigation of QLrH section
A questionnaire based upon visual analogue score system
(VASS) was set and used for the investigation of QLrH section.
Briefly, the questionnaire was answered by patients with
respect to six dimensions as anxiety, depression, pain, mobility,
discomfort and self-care in five levels of problems as: Level 1
(for no problem), Level 2 (for slight problem), Level 3 (for
moderate problem), Level 4 (for severe problem) and Level 5
(for extreme problem). The overall health status of patients was
rated as zero for the worst health care and as hundred for the
best health care, using the vertical VASS as per previous report
[33].

Diagnosis of toxic diffuse gland
For this purpose, a minimum of two parameters from: diffuse
goiter, thyroid eye disease, increased level of thyroidstimulating hormone (TSH) receptor antibodies (TRAb),
thyroid peroxidase antibodies (TPOAb) accompanied with high
concentrations of serum-free thyroid hormones such as
triiodothyronine (free T3), its prohormone, thyroxine (free T4)
and TSH (<0.1 mIU/L) was chosen in order to get biochemical
evidence of overt hyperthyroidism in the patients which in turn
2

established the diagnosis of TDG. The normal concentrations
of TRAb and TPOAb were less than 1.61 IU/L and 32 kIU/L,
respectively. Cobas E 411 analyzer (Roshe Diagnostics GmbH,
Germany) was used for evaluation of thyroid by blood testing
and physical examination. Besides, Sonoline Sienna (Siemens,
Germany) was used for ultrasonography purpose with respect
to evaluation of thyroid.

Cardiovascular complexities assessment
Heartbeat per minute (bpm) was manually evaluated at the
radial artery and it was used to determine the resting heart rate.
As per reported guidelines [34,35], thyrotoxic heart disease
was confirmed in patients with manifestations of arterial high
blood pressure, ventricular extrasystole, congestive cardiac
failure, atrial fibrillation or thyrotoxic cardiomyopathy.
However, manual digital BP monitor (Little Doctor, Singapore)
was used to measure the office bp and mean of three was
considered. The patients having systolic bp ≥ 140 mm Hg
and/or diastolic bp ≥ 90 mm Hg were considered as patients of
arterial high bp. Electrocardiography was performed by 12leads-3-channel ECG machine ECG300G (CONTEC, China).
EnVisor C Ultrasound System (Philips, USA) was used for
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echocardiography purpose as per previous report [36] in order
to measure several parameters of the heart as shown in Table 2.
Mosteller formula [37] was used to determine body surface

area (BSA). With the assistance of body weight (in kg) per
height (in m2), body mass index (BMI) was calculated.

Table 2. Cardiovascular parameters assessments before and after the antithyroid therapy (AtT) in the patients with toxic diffuse goiter.
Features

Physiological features Assessment

Heart rate, bpm

Patients (n=73)
Before AtT

After AtT

124, 122, 95-195

76, 73, 65-105

158, 156, 135-195

126, 125, 75-160

85, 82, 60-120

68, 66, 55-80

73, 70, 45-115

55, 54, 50-80

230, 228, 120-375

195, 192, 109-401

131, 126, 68-227

108, 101, 58-221

4.1, 3.9, 3.3-5.8

3.8, 3.6, 3.2-4.8

1.3, 1.2, 0.9-1.5

1.2, 0.9, 0.9-1.4

1.3, 1.1, 0.9-1.5

1.2, 0.7, 0.9-1.5

3.8, 3.6, 2.8-4.6

3.4, 3.4, 2.7-5.9

5.4, 5.2, 4.3-6.4

4.8, 4.9, 3.9-5.9

52, 53, 29-96

42, 41, 22-66

145, 146, 95-190

127, 127, 85-170

0.7, 0.7, 0.4-0.9

0.6, 0.6, 0.4-1.7

Mean, median, range
Systolic bp, mm Hg
Mean, median, range
Diastolic bp,mm Hg
Mean, median, range
Pulse bp, mm Hg
Mean, median, range
Heart sizes features Assessment

Left ventricular mass, g
Mean, median, range
Left ventricular mass index, g/m2
Mean, median, range
Left atrium dimension, cm
Mean, median, range
Interventricular septum wall thickness,
cm
Mean, median, range
Posterior septum wall thickness, cm
Mean, median, range

Left Ventricular features Assessment

End-systolic diameter, cm
Mean, median, range
End-diastolic diameter, cm
Mean, median, range
End-systolic volume, mL
Mean, median, range
End- diastolic volume, mL
Mean, median, range
Relative wall thickness, cm
Mean, median, range
*Geometry, n=

p-value

Normal geometry

2 (3%)

10 (14%) 0.030

Concentric hypertrophy

54 (74%)

28 (38%) <0.001

Eccentric hypertrophy

4 (5%)

12 (16%) 0.111

Concentric remodeling

16 (22%)

25 (34%) 0.201

Ejection fraction,%

65, 65, 47-80

68, 67, 58-84

Mean, median, range
BP: Blood Pressure; *For all other cases p-value <0.001.
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Statistical analysis
For univariate statistical analysis purpose, the Statistica
software system (version 12.0, StatSoft Scandinavia AB,
Sweden) was used. In order to evaluate the studied parameters’
differences two-tailed Fisher’s exact test and Wilcoxon signedrank test were applied and the statistical significance was set to
p<0.01. The STATA/SE software system (version 13.0,
StataCorp, TX, USA) was used to perform the regression
analysis. The correlation of various factors such as age,
systolic BP, TSH, BMI, free T3, TPOAb, free T4, TRAb, with
respect to variations in left ventricular geometry in both
analyses was tested in the linear regression. The p-value<0.05
was taken as statistically significant criterion for the results.

Results
Clinical assessments outcomes with respect to
Physical features: The detailed outcomes of clinical
assessment of patients before (means at baseline) and after
(means after follow up) anti-thyroid therapy (AtT) are shown
in Table 3. Total 70% (51) women and 30% (22) men of 50
years old (mean age with range 32-66) were present among 73
patients. They were followed up for 6 months after the
diagnosis (range 4-12). The respective values of BMI, BSA
and mean body weight were 72 kg, 24.8 kg/m2 and 1.78 m2 at
the time of diagnosis and after the AtT they changed to 74 kg,
26.1 kg/m2 and 1.84 m2, respectively.
Hyperthyroidism features: Assistance of ultrasonography
was taken and detected that around 93% (68) patients had
enlarged thyroid, at baseline. Size of thyroid of left lobe and
right lobe were 44 cm3 and 48 cm3, respectively. After AtT,
significant increase in their respective volumes (60 cm3 and 65
cm3) was observed. Thyroid eye disease was shown in 52
(71%) patients at baseline and in 14 (19%) patients after AtT.
Low concentrations of TSH (0.025 mIU/L, mean) confirmed
the presence of hyperthyroidism but a significant increase in it
(up to 3.1 mIU/mL) after AtT was seen. The values of thyroid
hormones concentrations before and after AtT of free T3 (28.6
vs. 6.1 pmol/L), free T4 (82.9 vs. 16.4 pmol/L) suggested that
all the patients exhibited overt hyperthyroidism and then
restored to euthyroid state. Besides, increase in TSH
concentrations (more than 0.1 mIU/L) in 59 (81%) patients
after AtT was also observed and thus supported the decrease in
free T3 and T4 concentrations. Thus it can also be said that 14
(19%) patients were diagnosed with a subclinical
hyperthyroidism without clinical manifestations. On the other
hand, thyroid autoantibodies: TRAb (108 vs. 29 IU/L), TPOAb
(291 vs. 120 kIU/L), showed similar trend of decrease in their
concentrations after AtT.
Table 3. Clinical assessments of the patients before and after the
antithyroid therapy (AtT).
Features

Patients (n=73)
Before AtT
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After AtT

Physical features Weight, kg
Assessment
Mean, median, range

72, 70, 48-112

74, 71, 53-116

BMI, kg/m2
Mean, median, range

24.8,
23.9, 26.1,
25.2,
15.6-36.5
15.6-40.6

BSA, m2
Mean, median, range

Hyperthyroidism
features
Assessment

1.78,
1.5-2.2

1.75, 1.84,
1.6-2.3

1.82,

Size of thyroid, cm3
Left
lobe
(Mean, 44, 30, 10-180
median, range)

60, 43, 11-210

Right lobe (Mean, 48, 30, 14-210
median, range)

65, 54, 14-225

Thyroid eye disease
Yes/No

52 (71%)
(29%)

/21 14 (19%) /59
(81%)

TSH, mIU/L
Mean, median, range

0.025,
0.006, 3.1,
2.7,
0.003-0.07
0.006-54.7

Free T3, pmol/L
Mean, median, range

28.6,
4.8-56

26.2, 6.1, 5.8, 3.2-9.6

Free T4, pmol/L
Mean, median, range

82.9,
26.6-330

80, 16.4,
1.4-34

15.8,

108,
0.9-3581

35, 29, 14, 0.9-312

TRAb, IU/L
Mean, median, range

TPOAb, kIU/L
Mean, median, range

291,
5.9-6022

147, 120,
5.2-1145

64,

Cardiovascular parameters assessments outcomes
Physiology, heart sizes and left ventricular features: Table 2
shows noteworthy gains in cardiovascular physiology, heart
sizes and left ventricular parameters after AtT. Physiological
analyses showed decrease in heart rate (from 124 to 76 bpm),
systolic bp (from 158 to 126 mm Hg) and diastolic bp (from 85
to 68 mm Hg) after AtT. Similarly, heart sizes showed
significant decrease in terms of mass (from 230 to 195 g) and
mass index (from 131 to 108 g/m2) of left ventricular,
dimension of left atrium (from 4.1 to 3.8 cm) and septum wall
thickness of interventricular and posterior (from 1.3 to 1.2 cm)
after AtT. Besides, most left ventricular parameters also
showed decrease in diameters and volumes in both the endsystolic (from 3.8 to 3.4 cm; from 52 to 42 mL, respectively)
and in end-diastolic (from 5.4 to 4.8 cm; from 145 to 127 mL,
respectively) features after AtT while rest left ventricular
parameters showed increase in terms of geometry and ejection
fraction after AtT (Table 2).
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Rhythmic disorders: A decrease in cardiac rhythm disorders
(Table 4) in euthyroid patients (i.e. after AtT) was observed
when the cardiovascular parameters in terms of pulmonary
high bp (from 16 (22%) to 4 (6%)), arterial high bp (from 69
(95%) to 2 (2%)), thyrotoxic cardiomyopathy (from 57 (78%)
to 18 (24%)), atrial ﬁbrillation (from 52 (71%) to 14 (19%)),
congestive cardiac failure (from 50 (68%) to 13 (18%)) and
ventricular extrasystole (from 53 (72%) to 5 (7%)) were further
analyzed.

was shown by analyses of problems related to pain (34 (97%)
vs. 22 (63%)) and discomfort (33 (95%) vs. 23 (65%)) after
AtT. However, after the treatment, 8 (23%) and 14 (40%)
patients reported elimination of problems related to self-care
and mobility dimensions, respectively, which is respectively
thrice and twice less frequent as compared to 23 (65%) and 30
(85%) cases before AtT.

Table 4. Assessments of cardiac rhythm disorders secondary to toxic
diffuse goiter before and after the antithyroid therapy (AtT).
Features

Patients (n=73)
Before AtT

After AtT

16 (22%) /57 (78%)

4 (6%) /69 (94%)

69 (95%) /4 (5%)

2 (2%) /71 (82%)

Pulmonary high bp
Yes/No
Arterial high bp
Yes/No
Thyrotoxic cardiomyopathy
Yes/No

57 (78%) /16 (22%)

18 (24%) /55 (76%)

52 (71%) /21 (29%)

14 (19%) /59 (81%)

50 (68%) /23 (32%)

13 (18%) /60 (82%)

53 (72%) /20 (28%)

5 (7%) /68 (93%)

Atrial ﬁbrillation
Yes/No
Congestive cardiac failure
Yes/No

Figure 1. Representative diagram of the questionnaire answered by
patients with respect to six dimensions as anxiety, depression, pain,
mobility, discomfort and self-care in five levels from 1 to 5 for no
problem, slight problem, moderate problem, severe problem and
extreme problem, respectively, for the assessment of QLrH.
Table 5. Assessments of quality of life related to health (QLrH) using
our questionnaire before and after the antithyroid therapy (AtT).
Features

Ventricular extrasystole
Yes/No

For all the cases p-value<0.001

Yes/No
Depression problems*

Table 2 showed the detection of all types of left ventricular
geometry in our study cohort. A normal left ventricular
geometry was diagnosed in 2 (3%) patients at baseline, while it
was changed to 10 (14%) patients after AtT (p=0.030). But a
significant reversal was observed in the case of concentric
hypertrophy (from 54 (74%) to 28 (38%); p-value<0.001) thus
the normalization of left ventricular mass was observed. Only
TRAb could predict the changes in left ventricular geometry
features during univariate analysis b-coefficient=0.028 (95%
CI 0.00-0.07). Similar type of noteworthy association between
TRAb and changes in left ventricular geometry features was
also observed in multivariate analysis. Other factors had no
noteworthy association in both the analysis (data not shown).

Yes/No

Noteworthy gains of QLrH were observed in all the six
dimensions as shown in Table 5 and Figure 1. Our analysis
showed that after AtT the problems related to anxiety (34
(97%) vs 22 (63%)) and depression (33 (95%) vs. 23 (65%))
eliminated in around 30% patients (p<0.005). Similar pattern
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Before AtT

After AtT

34 (97%) /1 (3%)

22 (63%) /13 (37%)

33 (95%) /2 (5%)

23 (65%) /12 (35%)

34 (97%) /1 (3%)

22 (63%) /13 (37%)

30 (85%)/ 5 (15%)

14 (40%)/ 21 (60%)

33 (95%) /2 (5%)

23 (65%) /12 (35%)

23 (65%) /12 (35%)

8 (23%) /27 (77%)

Anxiety problems*

Left ventricular geometry outcomes

Effect of AtT on QLrH

Patients (n=35)

Pain problems
Yes/No
Mobility problems
Yes/No
Discomfort problems
Yes/No
Self-care problems
Yes/No
*p-value

0.004; for all other cases p-value<0.001

Discussion
Thyrotoxic
heart
disease
associated
cardiovascular
complexities and QLrH through hyperthyroidism in Chinese
patients diagnosed with TDG were investigated. A strong
association between the omission of cardiovascular disorders
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and gains in QLrH and the restoration of the euthyroid state
was found. Broadly speaking, thyrotoxic heart disease
secondary to toxic diffuse goiter was analyzed in order to set
up relationship between cardiovascular symptoms and QLrH. It
was established that TDG has significant impact on
development related to cardiovascular complexities and also on
the normalization of cardiac functions at the euthyroid state
and this result is quite consistent to the previous works
[3,7,8,30]. Since thyroid hormones directly affect the sinoatrial
node [38], it might be the reason for our finding that the resting
heart rate in all patients was elevated before AtT and it is
commonly reported as rhythmic disorders in patients of TDG.
In the line with other reports [39,40], a reversal of ventricular
extrasystole and atrial fibrillation to normal rhythm of the heart
after the restoration of euthyroidism was also found.
It was diagnosed that more than half of the patients with
damaged QLrH and hyperthyroidism had congestive cardiac
failure and atrial fibrillation and thus these disorders had no
negative impact on QL. The diagnosis results of remodeling of
left ventricular geometry and thyrotoxic cardiomyopathy
secondary to TDG before AtT is in agreement with a previous
report [7]. Our findings suggest that the anti-thyroid drugs play
an essential role in early detection and treatment of
hyperthyroidism which leads to prevention and reversibility of
thyrotoxic cardiomyopathy, as reported elsewhere [7]. Reversal
of concentric hypertrophy to left ventricular geometry of
various types as well as noteworthy gains of other left
ventricular parameters was also observed. Arterial high bp was
diagnosed in 95% of patients and which lead to high systolic
bp because excess of thyroid hormones is responsible for
elevation in the resting rate of heart and volume of blood [38].
The association between diminished QLrH and arterial high bp
secondary to TDG was also shown. Earlier reports [7,38,39]
showed major impact of the excess of thyroid hormones on the
cardiomyocytes and thus the favorable effect of β-adrenergic
receptor antagonists’ and ACE inhibitors’ gain of left
ventricular remodeling [41,42] have supported our work of
restoration of euthyroid state. Thus it could be hypothesized
that even in relatively short follow up time cardiovascular
parameters might show improvement when euthyroidism was
restored using β-adrenergic receptor antagonists and ACE
inhibitors based AtT. In majority of patients, the thyroid
autoantibodies TRAb and TPOAb were found. It was also
determined that TRAb was an independent predictor of
changes in left ventricular geometry but its impact on left
ventricular geometry was specifically indirected by stimulating
the synthesis of thyroid hormones and thus subsequently
affected the cardiomyocytes [3].
Assessment of QLrH with our questionnaire showed
decreasing of physical activity dimensions (i.e. mobility and
self-care problems) followed by their noteworthy gains after
AtT. These problems happened in hyperthyroid patients due to
dramatic increase in cardiac work which in turn leads to low
ability for adequate response to exercises and myocardial
hypertrophy. High frequency of problems related to anxiety,
depression, pain and discomfort dimensions which is
previously reported in patients of hyperthyroidism, subclinical
6

hyperthyroidism and TDG [9, 29] was also found. In the line of
previous reports [9,29,38] association of stabilization of
hemodynamic parameters, elimination of thyrotoxic heart
disease in around 30% of patients and reduction in the
problems in majority of patients was achieved even when the
volume of goiter was increased after AtT. Besides, an
association between significant reduction of anxiety and
depression dimensions and elimination of hyperthyroidism was
also found as reported elsewhere [27-29]. These two
dimensions had negative impact on QLrH in patients with
thyrotoxic heart disease but these disorders were diminished
after euthyroidism restoration. In order to existence of
pathophysiological relation between neurotransmitter based
mental health and the excess of thyroid based hormones, the
scientific community found the presence of these two mood
disorders in hyperthyroid patients as a common report [8,9].
The only limitation to our study is that relatively less numbers
of participants were used even then our results lie in the line of
those studies which used larger numbers of participants
[7,30,39].
In conclusion, it can be said that it is the first ever report of
evaluation of QLrH in Chinese patients with thyrotoxic heart
disease secondary to TDG. Our analyses have discovered the
hyperthyroidism’s influence on the health of patients followed
by noteworthy gain in QLrH as well as the omission of
cardiovascular complexities due to thyrotoxic heart disease by
subsequent normalization of thyroid hormones concentrations
in greater number of patients.
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