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The aim of this study is to document the impact of thyroid hormones on the autonomic nervous system
(ANS), expressed by heart rate variability (HRV) and heart rate turbulence (HRT), in patients with
hyperthyroidism, compared to controls. Another purpose is to determine if HRV and HRT parameters are
significantly correlated with the levels of thyroid hormones and the duration of hyperthyroidism. We studied
HRV, in time and frequency domain, and HRT in a group of 113 premenopausal women, with still untreated
overt hyperthyroidism, without cardiovascular diseases or risk factors for atherosclerosis, admitted between
2015 and 2018 in the Endocrinology Clinic of our hospital and compared the results with data obtained in 29
healthy controls. Depending on the severity and duration of hyperthyroidism and levels of thyroid hormones,
patients were assigned to three groups: mild and moderate hyperthyroidism, severe and recurrent forms.
We performed 24 hours Holter monitoring in patients and controls. Regarding HRV parameters in time
domain, they were significantly depressed in patients comparing to controls. Referring to HRT, all patients
had abnormal, positive values of turbulence onset (TO) and we documented statistically significant
differences (p<0.001) when compared to controls. All patients had normal positive values of turbulence
slope (TS), which decreased parallel with the severity of hyperthyroidism. In patients with hyperthyroidism,
we documented depressed values of HRV parameters in time domain, correlated with the duration and
severity of the thyroid disease. Our patients had pathologic values of TO. Although positive, TS values were
lower when compared to controls.
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norepinephrine

Hyperthyroidism determines a hyperkinetic state
suggesting an imbalance of the autonomic nervous system
(ANS) [1]. These alterations of the ANS balance can be
documented by modifications of heart rate variability (HRV)
and heart rate turbulence (HRT), aspects debated in several
studies [2-4]. HRV describes the spontaneous fluctuations
in heart rate (HR) and normal RR intervals and is widely
used to characterize the status of the autonomic nervous
system (ANS) [1-3]. Its analysis is used in both,
physiological models, and in various pathological states
for the assessment of cardiovascular risk. HRT studies the
sinus rhythm cycle length variation after isolated premature
ventricular contractions (PVC). These methods are used
in studies to estimate the presence of sympathovagal
imbalance in patients with congestive heart failure [2], or
after myocardial infarction [5], in order to predict an
increased cardiovascular risk and morbidity [5]. Some
studies have evidenced that an increased HR, induced by
sympathetic hyperactivity, is a negative prognostic factor
[5]. The sympatovagal imbalance favours the onset of
arrhythmias and increases the risk of sudden death [2,5-
7]. The significance of these methods for the assessment
of the cardiovascular risk in hyperthyroid patients, without
other structural heart diseases, except the ones induced
by thyroid hormones in excess, is still a subject to debate
[8,9].

The objective of this study is to document the presence
of HRV and HRT alterations in female patients with
hyperthyroidism of various severity and duration and to
evidence if there are statistically significant correlations
between their parameters and the levels of thyroid
stimulating hormone (TSH), free thyroxin (FT,) and/or the
duration of the disease.
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Experimental part

Thyroid hormones, thyroxine (T,) and triiodothyronine
(T,) exert on the heart and vessels several genomic and
nongenomlc mediated effects. T, is the principal form,
acting as a prohormone. Most ‘of T, is converted to
biologically active T,through the removal of an iodide by
type 1 deiodinase [fO] One of their most obvious effects
is a hyperkinetic state, similar to that induced by
catecholamines in excess [1,9]. Because in patients with
hyperthyroidism, normal or even lower levels of epinephrine
and norepinephrine have been determined in serum and
urine, it was assumed that the myocardium presents an
increased sensitivity to catecholamines, possibly
associated with an increased B-receptor density. The
turnover of catecholamines is reduced in these patients.
Thyroid hormones in excess alter the binding of
catecholamines to receptors, as well as their affinity for
specific receptors. In addition, in the heart, thyroid
hormones increase the automatism and the intrinsic
activity of the sinus node and reduce the vagal tone [11-
13].

ANS represents an important part in the control of
different physiological systems, (heart, brain, endocrine
system). The main function of ANS is homeostasis, largely
regulated by autonomic reflexes. The ANS has specific
transmitter substances - mostly acetylcholine, epinephrine
and norepinephrine - corresponding receptors and can be
divided into preganglionic and postganglionic fibres. There
are multiple interactions between ANS and endocrine
system, for example: adrenal glands, thyroid hormones
and even sexual hormones [13,14].
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Study group

From over 400 patients with overt hyperthyroidism,
admitted in the Endocrinology Clinic of our hospital, over a
period of three years (2015-2018), we selected 113 female
patients. All of them were premenopausal, aged between
26 and 55 years (mean age 47.53 + 11.3 years) and still
untreated with antithyroid drugs. Depending on the severity
and duration of hyperthyroidism and the levels of thyroid
hormones, patients were assigned to three groups: 46
patients with mild and moderate forms, 38 with severe
hyperthyroidism with thyrotoxicosis and 29 recurrent cases,
with repeated episodes of thyrotoxicosis. We ruled out all
patients with subclinical hyperthyroidism. To prevent the
influence of gender, hormonal status, associated pathology
or risk factors on HRV and HRT, we excluded from our
study group male patients and all postmenopausal women,
the ones with diabetes mellitus, neurologic and respiratory
pathology or other significant cardiovascular diseases, not
related to thyrotoxicosis and also, those with systolic blood
pressure values of over 150 mmHg and/or with diastolic of
over 90 mmHg. In order to avoid the influence of drugs on
HRV and HRT, we have not included in our study patients
already treated with high doses of beta-blocker (low doses:
2.5 mg/day bisoprolol or nebivolol and 25 mg twice daily of
Metoprolol were permitted). We excluded from the HRT
analyse, subjects who were not in sinus rhythm or those
with less than 5 isolated PVC on the 24 h Holter ECG
recording. The results were compared with those obtained
in a control group of 29 healthy women.

Methods
Thyroid evaluation

The diagnosis of hyperthyroidism was based on clinical
picture and confirmed by the supressed levels of TSH and
increased levels of free thyroxine (FT,) and/or free
trilodothyronine (FT,). Serum TSH, FT, ‘and FT,were
measured by chémiluminescent microparticle
immunoassay (CMIA), with the following normal values:
TSH 0.465-4.67 mIU/L, FT,0.71-1.85 ng/mL (9.13-23.81
pmol/L), and FT,1.71-3. 71 ng/mL (2.65-5.69 pmol/L).
Thyroid uItrasonography (2D mode and colour Doppler)
was performed using Siemens ultrasound system, with a
linear transducer (5.0-14 MHz). In patients with suppressed
TSH associated with thyroid nodule(s), the diagnosis of
toxic adenoma, respectively toxic multinodular goitre was
confirmed by 99mTc thyroid scintigraphy.

Cardiological evaluation: all patients and controls had
24 hours Holter monitoring performed with a Holter
Labtech Cardiospy device. For the analysis of obtained data
we used the Nevrokard Long-Term aHLV (L-aHRV V.5.0.0.)
program. Regarding HRV, we studied the following
parameters in time domain (TD): the standard deviation
of all normal to normal (NN) intervals (SDNN), the standard
deviation of all NN intervals occurred in 5 minutes
(SDANN), the radical of the differences of mean squared
NN successive intervals (RMSSD) and the HRV index
(HRVTI); in frequency domain (FD): total power (TP), low
frequency (LF), high frequency (HF) and LF/HF ratio. For
HRT we determined the turbulence onset (TO) - early sinus
acceleration after a PVC and the turbulence slope (TS) -
late sinus deceleration following a PVC, according to
guidelines [7].

Data analysis was performed using SPSSv.25.0
(Statistical Package for the Social Sciences, Chicago, IL,
USA). Continuous variables were presented as a mean and
standard deviation (SD) or median and associated quartiles
(Q1, Q3) and categorical data were presented as counts
(percentages). We performed descriptive and inferential
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statistics analysis to summarize the characteristics of the
study population. To evaluate the proportion of HRV and
HRT altered parameters in groups, we applied the chi-
squared test (y2). The results of the Shapiro-Wilk normality
test showed a non-Gaussian distribution, which is why we
continued to use nonparametric tests. For comparing
patient groups, we used the Kruskal-Wallis H test, followed
by a post-hoc analysis with Mann-Whitney U test with
Bonferroni correction applied. In order to highlight the
factors influencing HRV and HRT parameters, we analysed
the strength of a linear relationship between them and the
severity and duration of hyperthyroidism by using the
Spearman’s rank-order correlation. A p value of less than
0.05 was considered to indicate a statistically significance.
The study was approved by the Ethics Committee of our
hospital and all patients signed a written consent.

Results and discussions

In this study we analysed the fluctuation of HRV and
HRT parameters in 113 female patients with overt
hyperthyroidism of various severities, in comparison to
controls. They had hyperthyroidism of various aetiology,
mostly Graves disease (101 subjects - 89.38%) and toxic
adenoma (12 patients - 10.61%). We selected only
premenopausal women in our study because hyper-
thyroidism is ten times more frequent in women and sexual
hormones also play an important role in the regulation of
ANS, oestrogen increasing the parasympathetic
parameters and progesterone the sympathetic ones of
HRV.

Our aim was to document the alterations of HRV and
HRT parameters in patients with hyperthyroidism, as well
as the correlations between them and the severity and
duration of thyroid disease. The results determined in
hyperthyroid patients, as well as in controls, are presented
in Table 1. There were no statistically significant differences
concerning age and body mass index (BMI) (p = 0.48 and
p = 0.44) between patients and controls.

Referring to HRV analysis in time domain, all parameters
(SDNN, SDANN, RMSSD and HRVTI) were significantly
depressed when compared to controls (p<0.001), (fig. 1).
We observed that SDNN values were highly depressed in
patients with severe hyperthyroidism (newly diagnosed
and recurrent forms) and moderately reduced in those with
mild/moderate forms, (table 1, fig. 1). Referring to HRV
parameters in frequency domain, the statistical differences
between patients and controls were not so conclusive. TP
was reduced in patients with severe hyperthyroidism,
compared to controls, but not in those with mild and
moderate forms. LF and HF were higher in patients, but
the LF/HF ratio was between normal limits, both in patients
and controls, (table 1). Assuming that there could be
statistically correlations between HRV parameters and the
levels of TSH and FT, or the duration of the thyroid disease,
we analysed our data with Spearman’s correlation.
Referring to SDNN, we documented a statistically
significant positive correlation with TSH values (r = 0.65,
p<0.001) and negative ones with FT, levels (r = - 0.73,
p<0.001) and the duration of the disease (r=-04,
p=0.002). Regarding HRVTI, the correlation with TSH levels
was positive and significant (r = 0.83, p<0.001) and
negative and significant with FT, values and the duration
of the disease (r = - 0.7, p<0. 061 respectively r=-0.39,
p=0.003).

Our results regarding HRV analysis in time domain, in
patients with hyperthyroidism, are similar to those reported
by other authors [9, 10, 15, 16] who also documented
depressed levels of SDNN, SDANN, RMSSD and HRVTI in
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these patients. We evidenced in all patients, statistically
significant depressions of these parameters, comparing
to controls, correlated with the severity and duration of
hyperthyroidism. The results of HRV analysis, performed in
frequency domain were less conclusive, only TP was
reduced in patients with severe hyperthyroidism.

On the analysis of HRT parameters, all patients had
abnormal, positive values of TO, with a statistically
significant difference (p<0.001) when compared to
controls, (fig.1). TS values, although normal, both in
controls and in patients, were significantly lower in the last
category, figure 1. Considering the existence of correlation
between TO and thyroid hormones, we documented
significant positive ones with FT, values and with the
duration of the disease (r= 0.68, p<<0.001, respectively
r=0.32, p=0.01) and a negative, but significant one with
TSH levels (r =-0.72, p<0.001). Referring to the correlation
between TS and TSH it was positive and significant (r =0.71,
p<0.001), with FT, it was negative and significant (r = -
0.27, p=0.02) and With the duration of hyperthyroidism it
was negative, but not significant (r =-0.2, p = 0.14). Similar
findings were presented in other studies [9,10,17].

The study of HRV and HRT is a highly debated topic in
the literature and is used to ascertain the influences of the
ANS on the heart [1,3,18]. Several scientific papers have
been written about their significance in various physiological
states and in pathological conditions [2,5,12]. Fluctuations
of HRV and HRT parameters were observed in thyroid
disorders [9,14,17]. Some authors, have studied their
evolution in hypothyroidism [14,17] and others in
hyperthyroidism [19,20] and have evidenced, on the short
and long term Holter monitoring, a sympatovagal
imbalance in treated and untreated patients [9, 19]. It is
still debated if these alterations disappear after achieving
the euthyroid state [9,14].

The hyperkinetic state encountered in hyperthyroidism,
characterized by a sympathovagal imbalance, is similar to
that induced by an excess of catecholamines [10, 11].
Kabir et al documented in their study [10] that all HRV
parameters, measured in time and frequency domain,
decreased progressively from euthyroid subjects to patients
with subclinical hyperthyroidism (p <0.001). These data
highlight the reduction of the vagal tone and the increase

Table 1
CHARACTERISTICS AND RESULTS OF HRV AND HRT ANALYSIS IN STUDY GROUPS

linical and laboratory characteristicsfNew cases with hyperthvroidism urrent (Controls
and results of 24 hours Holter ECGE— yperthyroidism |29 patients
onitoring in patients and controls lild and modera SH—"F . hyper-hy patients
orms thyroidism
46 patients 38 patients
Age vears 38011628 384110458 4493 612 4194 - 806
ML kg/m? 28315112 25 78+£0097 26.17£1.23 2628119
SH. 0.46 — 4.68 pUL'mL 0.028 £0.03 0.009 £0.01 0.012 z 002 264 065
T4, 10-28.2 pmolT 323683 5161 £ 12.63 4596 £ 18.33 150813
Tz .4.28-8.1 pmolL 183+ 664 1B14+46 2694 £330 5742074
ime since onset, months 66=1123 3940325 Ml6+36 MNA
. b/min 7352249 75.05+£3.79 70.86 £ 5.61 6352 £ 562
v
& Time domain: SDNN, ms 90.3 £350.33 1785138 15.99 = 0.66 128.88 £7.623
SDANN, ms 734623321 6.91 z0.34 648071 13447+ 621
BMSSD, ms 17.89+1127 6.58 £ 099 672062 28052519
HEVTIL, ms 18772511 6.12£1.08 579 +057 4152+ 10.89
& Frequency domain:
Total power TP, ms? 41838 + 33313 2692.02 = 3362 235846 +22326 | 307877357
Low frequency - LF, ms? 105166 £ 3187 1906.82 £ 3728 1648.5 £ 1161.3 TE13E £ 1154
High frequency- HF, ms? 3707711433 78514 +219.74 960.34 16222 29335+67.24
LE/HF ratio 272064 262077 1740453 2.71 £ 066
Ii-[R'I: T0, % 171229 638+14 6.64 =078 -29 063
TS, msFR 185z 111 495123 6.2+ 057 10.65 - 128

Legend: heart rate variability -HEV; heart rate furbulence — HET; electrocardiogram — ECG; body mass index — BMI; thyroid
stimulating hormone —TSH; free thyroxine - FTy, free tniodothyronime - FT;; heart rate —-HE; standard deviation of all normal to
normal (WM) imtervals — SDINM; standard deviation of all NN mmtervals occwred in 5 minutes - SDANN, the radical of the
differences of mean squared NN successive intervals — EMESD; HRV index - HEVTI; turbulence onset — TO; turbulence slope —

TE.
HRV in time domain HRT
- = |p<coond |, _ —
140 540.0001 [ = —
12 4 I
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1 SDANN :
[
20 SDNN
P RVTE 10 Controls
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ORAISSD BHRVTI OSDXX B5DANN aTo aTs

Fig. 1. HRV and HRT in study groups comparing to controls
Legend: heart rate variability -HRV; heart ate turbulence -HRT; standard deviation of all normal to normal (NN) intervals — SDNN; standard
deviation of all NN intervals occurred in 5 minutes - SDANN, the radical of the differences of mean squared NN successive intervals-RMSSD;
HRV index - HRVTI; turbulence onset - TO; turbulence slope - TS.
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of the sympathetic cardiac control in hyperthyroidism, with
important clinical implication taking into account that
decreased HRV signifies an increased risk for arrhythmias.
Other studies have reported a decreased parasympathetic
cardiac activity in hyperthyroidism [11], effect that can be
attributed to the interference between peripheral
neuroeffector mechanisms and central inhibitory effects
on cardiac baroreflexes. Chen JL [19] and Kabir [10]
described in their studies an increased sympathetic activity
in patients with hyperthyroidism.

HRT depression is considered an independent risk factor
for the apparition of severe arrhythmias in patients after
acute myocardial infarction and in those with heart failure
[3]. Comparing to them, patients with hyperthyroidism,
although presenting a sympatovagal imbalance, are prone
to a lesser extent to ventricular arrhythmias, but mostly to
supraventricular ones, especially to atrial fibrillation, aspect
debated by some authors [21] in their articles [22,23].

Conclusions

In our study we have documented in patients with
hyperthyroidism depressed values of HRV parameters in
time domain, which were correlated with the duration and
severity of the thyroid disease, expressed by FT, and TSH
levels. We evidenced in our study group pathological values
of TO, also correlated with the severity and the duration of
hyperthyroidism. Although positive, TS values were lower
comparing to controls.
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