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DATA SUPPLEMENT

Role of other neurohumoral factors in driving the circadian rhythm in heart rate
The autonomic nervous system may not be the only way in which the SCN drives a circadian rhythm
in heart rate. The SCN controls the circadian rhythm of many hormones including noradrenaline,
adrenaline, cortisol and thyroid hormones.’ However, the role of these hormones in mediating the
circadian rhythm in heart rate is uncertain. For example, whilst a circadian rhythm in plasma
catecholamines could explain the preserved circadian rhythm of heart rate in cardiac transplant
recipients, it cannot explain this finding in autonomic blockade experiments (in which
adrenoreceptors are blocked). In addition, whilst hyper- and hypothyroidism are well-known to affect
heart rate, it is unknown whether the normal diurnal variation in the concentrations of thyroid
hormones can drive a circadian rhythm in heart rate.® Further studies are required to clarify the role

of these hormones on the circadian electrical properties of the heart.

Inherited channelopathies
A circadian rhythm has been described in several inherited channelopathies. Brugada syndrome is
characterised by ST elevation in the right precordial leads and a predisposition towards VF and
SCD.* VF in Brugada syndrome has the opposite circadian rhythm to that seen in ischaemic and
non-ischaemic structural heart disease.® Studies using ICD recordings from patients with Brugada
syndrome show that VF occurs more commonly at night.* ICD recordings have shown a similar
nocturnal peak in appropriate shocks delivered in malignant early repolarization syndrome (ERS), a
syndrome characterised by inferolateral early repolarisation on the ECG and ‘short coupled’
polymorphic VT and VF.° Both Brugada syndrome and ERS are worsened by periods of bradycardia
and this may account for the circadian rhythm described. Catecholaminergic polymorphic ventricular

tachycardia (CPVT) is a channelopathy in which arrhythmias are triggered by high adrenergic tone.’



We would therefore expect arrhythmias to occur most commonly during times of maximum daily
activity. Miyake et al.” tested this hypothesis using 24 h Holter and ICD and implantable loop recorder
(ILR) recordings from 80 children with CPVT. Maximum activity levels were observed in the early
morning after waking (07:00-08:00) and mid-afternoon (15:00-16:00).” They recorded 423 VT
events, which occurred more commonly in the afternoon (times 12:00-17:59) (Fig. 7D).” The same
pattern was seen in children undergoing exercise stress testing.” The absence of a morning peak in
arrhythmias in CPVT remains unexplained. Finally, both long QT syndromes 1 and 2 (LQTS1 and
LQTS2) show a morning preponderance of symptomatic cardiac events, but no such diurnal variation
is seen in LQTS3.2
Circadian disruption

Disrupted circadian rhythms are common in shift workers, international travellers and patients with
sleep disorders, and there is growing evidence that this is associated with adverse health outcomes.
For instance, sleep duration is a powerful predictor of all-cause mortality; a meta-analysis of 27
cohort studies including more than 70,000 elderly subjects has shown that sleeping less than 7 hours
or more than 8 hours is associated with a 33% and 6% increased risk of death respectively®.

Whilst many studies have shown that day-night dyssynchrony increases the risk of

101 surprisingly few studies have

myocardial infarction, stroke, hypertension and dyslipidaemia,
investigated the effects of circadian disruption on arrhythmogenesis. For instance, it remains

unknown whether circadian disruption increases the risk of fatal arrhythmias or SCD. However, shift
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workers have been shown to have higher rates of VPCs and longer QT intervals compared

to day workers. The mechanisms underlying this effect are likely to be complex and multifactorial.
Shift work is associated with increased sympathetic tone (as measured by heart rate variability)'?
and causes diverse endocrine and metabolic effects, such as increased urinary catecholamine
levels'? and suppressed cortisol secretion,'® which may affect the electrophysiological properties of
the heart. We predict that circadian disruption is also likely to affect intrinsic ion channel remodelling
within the heart and thereby increase arrhythmic susceptibility (although this remains unproven).

Further epidemiological and mechanistic studies are needed to determine to what extent circadian

disruption can precipitate arrhythmogenesis.



Table 1. Summary of ventricular ion channels with a circadian rhythm.

Chanel Channel .
type subunit Gene Current Species References
Na* Nav1.5 Scnab Na* current (Ina) Ral, Schroder et al.'’
mouse
- 2+ inea-
Ca% Cav1.2 Cacnafc L-type Ca Guinea Chen et al.®
current (lca,L) pig
Transient Rat Tong et al.®
Kv4.2 Kcnd2 outward K* mouse Schroder et al."®
current (ho) Yamashita et al.?°
Regulator of
. transient Tong et al.®
KChIP2 Kenip2 outward K* Mouse Jeyaraj et al.?!
current
Ultra-rapidly
N activating Rat, Tong et al.®
K Kv1.5 Kenad delayed rectifier | mouse Yamashita et al.?°
K* current (Kk,ur)
Rapidly
ERG activating 19
(Kv11.1) Kcnh2 delayed rectifier Mouse Schroder et al.
K* current (/)
Outwardly
TASK-1 Kcnk3 rectifying K* Mouse Tong et al.®
(K2p3.1)
current
Cx40 Gjab Gap junction Mouse Tong et al.??
Connexins
Cx43 Gja1 Gap junction Mouse Tong et al.??
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