
153

Available online at www.medicinescience.org

ORIGINAL ARTICLE

Medicine Science 2024;13(1):153-8

Corresponding Author: Aslihan Avanoglu Guler, Ankara 
University, Faculty of Medicine, Department of Internal 
Medicine, Ankara, Türkiye
Email: aslihanavanoglu@gmail.com

Assessment of cardiac arrhythmias, P wave and QT dispersion in systemic sclerosis

Aslihan Avanoglu Guler¹, Muge Akbulut2, Emine Uslu Yurteri3, Cansin Tulunay Kaya2, Tahsin Murat Turgay3

1Ankara University, Faculty of Medicine, Department of Internal Medicine, Ankara, Türkiye
2Ankara University, Faculty of Medicine, Department of Cardiology, Ankara, Türkiye

3Ankara University, Faculty of Medicine, Department of Internal Medicine, Division of Rheumatology, Ankara, Türkiye

Received 07 January 2024; Accepted 28 January 2024
Available online 15.02.2024 with doi: 10.5455/medscience.2024.01.02

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial-NonDerivatives 4.0 International License. 

C I T A T I O N
Avanoglu Guler A, Akbulut M, Yurteri E, et al. Assessment of 
cardiac arrhythmias, P wave and QT dispersion in systemic 
sclerosis. Med Science. 2024;13(1):153-8.

Abstract

Cardiac involvement in systemic sclerosis (SSc) is significant cause of SSc-related mortality. The objective of the study was to assess cardiac arrhythmias, P wave 
and QT dispersion in SSc patients. 40 SSc patients and 40 healthy participants who had similar sociodemographic characteristics with the patients were enrolled in 
the study. P wave dispersion (Pd), QT dispersion (QTd), and corrected QT (QTc) dispersion (QTcd) were calculated by measuring maximum (max) and minimum 
(min) of P wave, QT interval, QTc in 12-leads electrocardiography (ECG). Cardiac arrhythmias and conduction disorders were assessed by ECG and Holter-ECG. 
The mean age of SSc patients (92.5% of females) was 50.9±13.9 years similar with the healthy group (51.4±8.9). Abnormal ECG findings were found in 27.5% of 
SSc patients and remarkably higher in comparison to the healthy participants (p=0.019). The most frequently reported abnormal ECG findings were left anterior 
fascicular block (15%), ventricular premature beat (10%) and first-degree atrioventricular heart block (5%). The comparison of dispersion showed no statistically 
important difference in Pd between two groups (p=0.69) while QTd, QTc, QTcd, QTc min, and QTc max were markedly prolonged in patients with SSc (p=0.039; 
p<0.001; p=0.021; p<0.001; p<0.001, respectively). The assessment of Holter-ECG demonstrated that supraventricular tachycardia was frequently detected in 
patients with SSc (22.5% vs 2.5%; p=0.007). This study indicated a significantly elevated incidence of abnormal ECG results and SVT, an arrhythmia not typically 
identifiable through standard ECG but detectable via Holter monitoring, in patients with SSc. In the study, QTd, QTc, and QTcd intervals were significantly longer 
in SSc patients, which may indicate a susceptibility to arrhythmias.
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Introduction

Systemic sclerosis (SSc) is a chronic connective tissue disease 
that can progress with multiple organ involvement, resulting 
in vasculopathy, exaggerated inflammation, and fibrosis. One 
of the major organ involvements in SSc is the heart. Cardiac 
manifestations of SSc includes fibrosis of myocardium, 
inflammation of pericardium, disturbance of conduction system 
defects, and arrhythmias. It is considered that ischaemic, fibrotic, 
and inflammatory lesions form with microvascular changes, 
excessive and uncontrolled collagen deposition and ultimately 
fibrosis, and all of these lesions might affect all cardiac 
structures [1,2]. Cardiac involvement occurs in both subtypes 
of SSc while diffuse cutaneous SSc (dcSSc) is a risk factor for 
cardiac involvement. Although cardiac involvement progresses 
subclinical without any symptoms in most patients with SSc, 

mortality is high, and prognosis is poor [3].

One of the most common causes of SSc-related death is cardiac 
involvement, with a rate of 26%, and half of these causes are due 
to arrhythmias [4]. Fibrosis is considered as a major contributor 
of arrhythmias and conduction system disorders. In addition, the 
development of an obstructive vasculopathy is thought to cause 
myocardial hypoperfusion, leading to electrical inhomogeneities 
[5,6]. Although conduction system abnormalities in SSc are 
commonly observed, they may not result in clinical symptoms. 
In a study investigating cardiac conduction abnormalities in 
patients with SSc, arrhythmias were found in approximately 50% 
of Holter electrocardiogram (ECG) in patients with normal ECG 
[7]. Abnormal ECG changes are observed in 25-75% of patients 
with SSc [8].

The QT interval and P-wave dispersion (Pd) assessed by ECG 
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indicate regional heterogeneity and repolarisation abnormalities 
of the ventricle and atrium. Prolongation of the QT dispersion 
(QTd) interval might lead to arrhythmias and sudden cardiac 
death by causing inhomogeneous conduction velocity and 
repolarisation re-entry mechanisms in different regions [9,10]. 
Clinical studies have shown that the QTd interval increases in 
chronic inflammatory rheumatological diseases [11,12]. The 
development of Pd results from prolongation of the intra- and 
inter-atrial conduction times and heterogeneous prolongation of 
the sinus impulses. This phenomenon increases the tendency of 
the atrial fibrillation [10].

This study aimed to assess dispersion of P wave and QT interval, 
arrhythmias, and conduction disturbances in SSc patients 
without known cardiac involvement compared to healthy 
participants. Besides, another aim of the study was to investigate 
the association between SSc-specific features, including organ 
involvements and disease subsets, and ECG/Holter findings. 

Material and Methods

Patient selection and clinical features

Forty patients who fulfilled the 2013 ACR/EULAR SSc diagnostic 
criteria and were followed up at the Rheumatology Department of 
Ankara University Faculty of Medicine were included. Patients 
were excluded if they did not meet the diagnostic criteria, had 
known congenital heart disease, pacemaker implantation, known 
arrhythmia, heart failure or coronary artery disease. 40 healthy 
individuals with similar socio-demographic characteristics to the 
patient group, no known disease, and who accepted the study 
were included as the control group. The cross-sectional study 
was approved by the Ethics Committee of Ankara University 
Faculty of Medicine (Ethics No: 20-847-15) and supported 
by the Ankara Medical Faculty Foundation. Written informed 
consent was obtained from all participants who agreed to enroll 
in the study. 

Disease subtypes were determined according to the extent of 
skin involvement [13]. Age at disease onset was considered as 
the time of the first symptom, including Raynaud's phenomenon. 
Interstitial lung disease (ILD), presence/history of digital ulcer, 
gastroesophageal involvement, pulmonary arterial hypertension 
(PAH), renal crisis, positivity for antinuclear antibodies (ANA) 
and SSc-specific antibodies (anti-centromer and anti-Scl70) were 
assessed.

The assessment of electrocardiography and 24-hour holter 
rhythm

After 20 minutes of rest, a 12-lead ECG at a rate of 50 mm/sec 
and 20 mm/mV was performed in the control and patient groups. 
Right and left bundle branch block, hemiblock, atrioventricular 
block, ST depression, T-negativity, and arrhythmias were 
accepted as abnormal ECG findings. Heart rate was calculated 
by dividing 3000 by the number of small squares between two 

consecutive R-R. If the heart rate was slower than 60 beats/min, 
it was considered sinus bradycardia; if it was faster than 100 
beats/min, it was considered sinus tachycardia. In the analysis 
of 12 leads, the duration of P-wave was measured; duration of 
maximum P-wave (P max) and minimum P-wave (P min) were 
detected, and Pd was calculated as the disparity between P max 
and P min (Pd=P max-P min) [10]. The QT interval was measured 
in 12 leads and maximum QT (QT max) and minimum QT (QT 
min) were determined, and QTd was calculated as the disparity 
between QT max and QT min (QTd=QT max-QT min) [9]. 

The corrected QT interval (QTc) was computed using the Bazett 
formula (QTc=QT/√RR) [14]. QTc was calculated in 12 leads, 
maximum QTc (QTc max) and minimum QTc (QTc min) were 
determined, and QTc dispersion (QTcd) was calculated as the 
difference between QTc max and QTc min values.

All participants underwent a 24-hour Holter ECG. The Holter 
ECG was interpreted by the investigating cardiologist. The heart 
rate (minimum, maximum and mean), the presence of arrhythmia, 
and the type of arrhythmia were evaluated with Holter ECG for 
all participants.

Statistical analysis

Statistical analyses were performed with SPSS software. 
Descriptive statistics were reported with mean±standard deviation 
for continuous variables, median (min-max) for non-normally 
distributed parameters, and frequency and percentage for 
categorical variables. Pearson chi-square and Fisher's exact tests 
were performed to evaluate categorical variables. The Student's 
t-test for statistical significance between two independent groups 
was used for variables that conformed to the normal distribution, 
and the Mann-Whitney U test was performed to compare the 
variables not normally distributed between groups. The statistical 
significance was accepted as p <0.05.

Results

The mean age of the SSc patients (92.5% female) was 50.9±13.9 
years, and 72.5% of patients had limited cutaneous SSc (lcSSc) 
disease subtype. The mean age at disease onset was 42.7±13.7 
years, and the median duration of disease was 5 (min:2-max:41) 
years. The distribution of clinical features of SSc patients based 
on disease subtype is shown in Table 1. Abnormalities in ECG 
findings were reported in 27.5% of patients, and the most 
common abnormal ECG findings were left anterior fascicular 
block (15%), ventricular premature beat (VPB; 10%), first-degree 
atrioventricular block (5%) and right bundle branch block (5%).  
Abnormalities in ECG findings were observed in 7.5% of the 
control group; abnormal ECG findings were significantly more 
common in patients with SSc compared to healthy individuals 
(p=0.019), and left anterior fascicular block was significantly 
more common in SSc patients (p=0.026). The mean heart rate 
on ECG was significantly higher in patients with SSc (p=0.004) 
(Table 2).
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Table 1. Clinical features according to SSc disease subtypes
SSc (n=40) lcSSc (n=29) dcSSc (n=11) p

Age (years), mean±SD 50.90±13.91 49.86±13.63 53.64±14.94 0.451
Gender, female, n (%) 37 (92.5) 26 (89.7) 11 (100) 0.548
Age at disease onset (years), mean±SD 42.70±13.69 42.21±12.68 44.00±16.67 0.717
Duration of disease (years), median (min-max) 5 (2-41) 4 (2-41) 5 (2-26) 0.402
Digital ulcer, n (%) 12 (30) 7 (24.1) 5 (45.5) 0.254
Interstitial lung disease, n (%) 17 (42.5) 10 (34.5) 7 (63.6) 0.153
Gastro-oesophageal involvement, n (%) 33 (82.5) 24 (82.8) 9 (81.8) 1.000
Pulmonary arterial hypertension, n (%) 9 (22.5) 6 (20.7) 3 (27.3) 0.670
Renal crisis, n (%) 3 (7.5) 2 (6.9) 1 (9.1) 1.000
ANA positivity, n (%) 38 (95) 27 (93.1) 11 (100) 1.000
 Anti-centromere 14 (35.0) 9 (31) 5 (45.5) 0.469
 Anti-Scl-70 9 (22.5) 5 (17.2) 4 (36.4) 0.227
ANA: anti-nuclear antibody, SSc: systemic sclerosis

Table 2. Comparative evaluation of ECG and Holter ECG findings of SSc and healthy control group
SSc (n=40) Control (n=40) P

Heart rate (beats/min), mean±SD 81.20±17.49 71.75±9.91 0.004
Sinus tachycardia, n (%) 4 (10) 0 0.116
Sinus bradycardia, n (%) 4 (10) 2 (5) 0.675
QRS (ms), median (min-max) 82 (55-166) 83 (40-120) 0.481
P (ms), median (min-max) 50 (18-128) 60 (20-80) 0.138
RR (ms), median (min-max) 780 (520-1480) 852 (660-1140) 0.007
PR (ms), mean±SD 149.4±26.1 143.4±27.6 0.321
QT (ms), median (min-max) 368.5 (291-450) 363 (340-428) 0.973
QTc (ms), mean±SD 418.4±25.1 396.1±25.9 <0.001
Abnormal ECG findings, n (%) 11 (27.5) 3 (7.5) 0.019
 Right bundle branch block, n (%) 2 (5) 0 0.494
 Left anterior fascicular block, n (%) 6 (15) 0 0.026
 Atrioventricular block, n (%) 2 (5) 1 (2.5) 1.000
 Ventricular premature beats, n (%) 4 (10) 0 0.116
 ST depression, n (%) 0 2 (5) 0.494
 T negativity, n (%) 1 (2.5) 0 1.000
P max (ms), median (min-max) 80 (60-120) 80 (25-120) 0.133
P min (ms), median (min-max) 30 (10-60) 30 (15-45) 0.250
Pd (ms), median (min-max) 50 (30-80) 52.50 (10-80) 0.697
QT max (ms), median (min-max) 400 (320-480) 388 (350-428) 0.078
QT min (ms), median (min-max) 320 (260-400) 320(280-360) 0.949
QTd (ms), mean±SD 75.98±28.28 64.08±22.17 0.039
QTc max (ms), mean±SD 460.6±31.1 423.6±26.9 <0.001
QTc min (ms), mean±SD 373.0±29.8 350.8±20.9 <0.001
QTcd (ms), mean±SD 87.65±29.62 72.73±26.91 0.021
Holter ECG findings
Ventricular premature beats, n (%) 7 (17.5) 14 (35) 0.075
Atrial fibrillation, n (%) 3 (7.5) 0 0.241
Atrial premature beat, n (%) 9 (22.5) 23 (57.5) 0.001
Supraventricular tachycardia, n (%) 9 (22.5) 1 (2.5) 0.007
Max heart rate (beats/min) 125 (100-183) 128 (91-162) 0.519
Median (min-max) 52.05±8.38 51.98±6.56 0.965
Minimum heart rate (beats/min), mean±SD 78.10±11.50 77.48±7.78 0.777
ECG: electrocardiogram, SSc: systemic sclerosis, Pd: p wave dispersion, QTc: corrected QT interval, QTd: QT dispersion, QTcd: corrected QT dispersion
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The assessment of ECG findings in terms of clinical features 
in SSc patients demonstrated that no remarkable relationship 
was detected between the presence of organ involvement and 
abnormal ECG findings except SSc-renal crisis. All three patients 
with renal crisis had abnormal ECG findings; two patients had left 
anterior fascicular block, and one had PVC. ECG abnormalities 
were observed in only 21.6% of patients without renal crisis and 
statistically lower than in patients with renal crisis (p=0.017).

The examination of Holter ECG in SSc patients revealed 
supraventricular tachycardia (SVT) in 9 (22.5%), atrial premature 
beats (APB) in 9 (22.5%), VPB in 7 (17.5%) and atrial fibrillation 
(AF) in 3 (7.5%). In the control group, APB was detected in 23 
(57.5%), VPB in 14 (35%) and SVT in 1 (2.5%) participant. 
The frequency of SVT was markedly increased in  SSc patients, 
whereas the frequency of APB was significantly higher in the 
healthy participants (p=0.007 and p=0.001, respectively). In 
the Holter ECG evaluation, the mean heart rate was similar in 
both groups in contrast to the ECG finding (p=0.777). There was 
no important difference reported in Holter ECG findings of the 
patient group when scrutinized with respect to clinical features 
and organ involvement (p>0.05). 

The values of Pd, P max, and P min were found to be similar in 
both groups (p>0.05). The assessment of QTcd and QTd showed 
that QTc, QTd, QTcd, QTc max, and QTc min intervals exhibited 
statistically significant prolonged in SSc patients compared 
to the control group (p<0.001; p=0.039; p=0.021; p<0.001; 
p<0.001, respectively). In the comparison of ECG and dispersion 
findings in disease subsets and the control groups, the heart rate 
was higher in the lcSSc and dcSSc patients (p=0.035; p=0.019) 
(Table 3). Abnormal ECG findings were observed in only one 
case (9%) in dcSSc patients, while they were detected in 34.5% 
of the lcSSc patients, and this frequency was markedly higher 
than the control group (p=0.012). In dispersion assessment, QTd 
and QTc intervals were significantly prolonged in lcSSc patients 
compared to the control group (p=0.009; p=0.005). In the Holter 
ECG evaluation, the frequency of SVT was significantly higher 
in the patients with lcSSc compared to the healthy participants 
(24.1% vs 2.5%; p=0.008). The frequency of APB was found 
to be increased in healthy participants in comparison to patients 
with lcSSc (57.5% vs 17.2%; p=0.002); however, no statistically 
significant difference was found when compared to dcSSc 
patients (57.5% vs 36.4%; p=0.36).

Table 3. Evaluation of ECG findings and dispersion between SSc subtypes and control group

Control (n=40) lcSSc (n=29) dcSSc (n=11) p1 p2 p3

Heart rate (beats/min), median (min-max) 72.50 (51-53) 78 (49-129) 80 (52-105) 0.035 0.019 0.396

QRS (ms), median (min-max) 83 (40-120) 84 (55-160) 80 (60-94) 0.318 0.836 0.316

P (ms), median (min-max) 60 (20-80) 50 (22-124) 54 (18-60) 0.436 0.038 0.447

RR (ms), median (min-max) 852.5 (660-1140) 800 (520-1480) 770 (575-1180) 0.043 0.008 0.347

QT (ms), median (min-max) 365 (340-428) 369 (291-450) 360 (316-440) 0.784 0.279 0.458

QTc (ms), median (min-max) 397.5 (343-451) 422 (358-465) 413 (388-461) 0.001 0.025 0.976

Abnormal ECG findings, n (%) 3 (7.5) 10 (34.5) 1 (9.1) 0.012 1.000 0.233

Right bundle branch block, n (%) 0 2 (6.9) 0 - - -

Left anterior fascicular block, n (%) 0 6 (20.7) 0 - - -

Atrioventricular block, n (%) 1 (2.5) 2 (6.9) 0 0.568 - -

Ventricular premature beat, n (%) 0 3 (10.3) 1 (9.1) - - 1.000

ST depression, n (%) 2 (5) 0 0 - - -

T negativity, n (%) 0 1 (3.4) 0 - - -

P max (ms), median (min-max) 80 (25-120) 80 (60-120) 80 (60-80) 0.454 0.036 0.074

Pmin (ms), median (min-max) 30 (15-45) 30 (10-60) 30 (18-50) 0.502 0.138 0.393

Pd (ms), median (min-max) 52.5 (10-80) 50 (30-80) 50 (30-62) 0.985 0.340 0.362

QT max (ms), median (min-max) 388 (350-428) 400 (320-480) 400 (330-480) 0.144 0.147 0.736

QT min (ms), median (min-max) 320 (280-360) 320 (280-400) 340 (260-400) 0.366 0.113 0.121

QTd (ms),median (min-max) 62 (20-128) 80 (40-160) 60 (20-100) 0.009 0.908 0.082

QTc max (ms), median (min-max) 428.5 (371-429) 454 (413-519) 450 (405-537) <0.001 0.002 0.976

QTc min (ms), median (min-max) 346 (316-396) 367 (292-413) 384 (353-447) 0.005 <0.001 0.095

QTcd (ms), median (min-max) 75 (20-154) 92 (45-146) 70 (32-118) 0.005 0.954 0.058

p1: control vs. lcSSc; p2: control vs. dcSSc; p3: lcSSc vs. dcSSc. ECG: electrocardiogram, dcSSc: diffuse cutaneous systemic sclerosis, lcSSc: limited cutaneous 
systemic sclerosis, SSc: systemic sclerosis, Pd: p wave dispersion, QTc: corrected QT interval, QTd: QT dispersion, QTcd: corrected QT dispersion
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Discussion

Cardiac involvement is one of the major-health threatening 
manifestations in SSc. The common findings of cardiac 
involvement involve myocarditis and diastolic dysfunction due 
to myocardial involvement, arrhythmias, and pericarditis in 
SSc. Although the exact prevalence of cardiac involvement in 
SSc remains uncertain due to its often clinically silent nature, 
studies indicate a prevalence ranging from 7% to 39%. Notably, 
arrhythmia associated with cardiac involvement stands out as one 
of the most leading causes of mortality in SSc [4,15]. In our study, 
27.5% of SSc patients had abnormal ECG findings in contrast 
to 7.5% in the healthy control. The most common conduction 
abnormalities seen in SSc were left anterior fascicular block, 
VPB and 1st-degree AV block. In a study conducted in Sweden 
in which SSc and control group with a large patient population 
were evaluated, abnormality in ECG was reported in 28% of SSc 
patients in accordance with the results of our study. However, 
abnormality was found in 17% of the control group [16]. In an 
electrophysiological study involving 183 SSc patients, abnormal 
ECG findings were detected in 43% of the patients, and it was 
reported that conduction disorders constituted 20% of these. In 
the Holter ECG evaluation of the patients, APB was found in 
61%, SVT in 21% and VT in 7% [17]. 

Supraventricular arrhythmias are observed more frequently 
than ventricular tachycardia in SSc patients [18]. In our study, 
SVT and APB were observed most frequently in SSc patients, 
whereas PVC was less frequently observed during the Holter 
ECG assessment. SVT was found to be more common in patients 
with SSc comparison to healthy participants. Surprisingly, APB 
was more frequently detected in the healthy control; however, 
when evaluated according to disease subtypes, it was shown that 
there was no important difference observed with regard to APB 
between dcSSc, which is considered a risk factor for cardiac 
involvement, and healthy individuals.

Prolongation of the QT interval and increased QT dispersion 
may confer a risk of ventricular arrhythmias and sudden cardiac 
death [19,20]. Two major physiopathological mechanisms are 
thought to be responsible for the impairment of ventricular 
repolarisation: impairment of cardiac innervation by autonomic 
nervous system dysfunction and prolongation of ventricular 
return time due to myocardial damage. The QT interval is 
thought to be prolonged in SSc as a consequence of autonomic 
neuropathy, myocardial fibrosis and conduction system fibrosis 
[21]. In a study by Sgreccia et al., QTc max, QTd and QTcd were 
significantly increased in SSc [22]. Similarly, in our study, QTc 
max, QTc min, and QTc intervals were significantly increased in 
SSc. Besides, QTd and QTcd interval were markedly raised in 
SSc patients. 

Pd indicates prolongations in intraatrial and interatrial conduction 
time and regional changes in myocardial activation. Prolongation 
in interatrial and intraatrial conduction time is thought to increase 
the tendency for atrial fibrillation [10]. There are several studies 
showing that atrial arrhythmias and Pd are increased in SSc 

patients. Can et al. demonstrated that Pd and P max values were 
prominently higher in patients with SSc in contrast to healthy 
participants [23]. In another study, Pd was significantly increased 
in SSc than control, whereas no difference was found for QTcd, 
QTc max and QTc min [24]. In contrast, our study showed that 
Pd did not increase significantly in SSc patients.

There is no study in the literature evaluating the relationship 
between electrophysiological abnormalities and arrhythmias 
with clinical features and organ involvement in SSc. In our 
study, left anterior fascicular block and VPB were found in the 
ECG of 3 patients with a history of renal crisis, and abnormal 
ECG findings were significantly more common in patients with 
renal crisis than patients without renal involvement. In a study in 
which cardiac involvement was evaluated with clinical features, 
it was found that the presence of renal crisis was a risk factor for 
cardiac involvement [3]. Although the patient sample size was 
small, our findings suggest the need for caution about arrhythmias 
and conduction abnormalities in SSc patients with renal crisis. 
Nevertheless, it is important to conduct a study including a larger 
sample size of patients to validate this evidence.

In addition, there is no study comparing the electrophysiological 
aspects of different subtypes of systemic sclerosis (dcSSc 
and lcSSc) despite their distinct organ involvement, clinical 
presentations, and prognostic differences. Our investigation 
revealed that both disease subset groups displayed a significantly 
prolonged QTc interval, indicative of susceptibility to arrhythmias 
compared to the control group. Additionally, patients with 
lcSSc exhibited significantly prolonged QTd and QTcd values 
compared to healthy individuals.

The main limitation of our study was the inclusion of a small 
number of patients, with a predominant representation of lcSSc 
subtype, which might influence the ECG findings. Another 
limitation is that our study was cross-sectional, and it is more 
difficult to establish a cause-effect relationship between QT 
dispersion and abnormal ECG changes regarding disease 
progression and arrhythmia susceptibility in SSc compared to 
prospective cohort studies. 

Conclusion

Abnormal ECG findings were significantly higher in SSc 
patients, and arrhythmias not detected on ECG could be detected 
on Holter ECG. Considering that P-wave and QT dispersion are 
precursors for the development of arrhythmia, the prolonged 
QTd and QTcd interval in SSc patients supports the susceptibility 
to arrhythmia due to disease pathophysiology. 
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