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INTRODUCTION

The science of chronomedicine explores the interaction be-
tween biological rhythms, medicine and drugs [1]. Circadian 
rhythms operate at the cellular, tissue, and organismal level in hu-
mans. In general, there is a synchrony between the central supra-
chiasmatic nucleus (SCN) and the other organ clocks in human 
body. At the molecular level, positive (CLOCK/NPAS2, BMAL1, 
RORs) and negative (PERIODs, CRYPTOCHROMEs, REV-ERBs) 
genes influence time bound events [2]. 

The importance of circadian rhythms in integrating and regu-
lating biological systems is well established. Melatonin is a chro-
nomodulation factor in several metabolic processes comprising 
glucose homeostasis of human and has been experimented in 
management of type II diabetes [3]. It is well known that, derange-
ment of chrono-rhythms can potentiate the onset of several dis-
eases. For instance, there is a link between Parkinson’s disease and 
circadian clock disruption [4]. Disturbed chrono-rhythms increase 
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cardiac disease risks and outcomes [5]. Additionally, mood disor-
ders are associated with disrupted circadian clock-controlled re-
sponses, such as sleep and cortisol secretion. Similarly, myocardial 
infarction and acute ischemic strokes are disproportionately high 
during the morning hours [6]. Likewise, nocturnal asthma rep-
resents the exaggerated amplitude of normal circadian patterns 
because of increased airway responsiveness and decreased lung 
function at night. The crux of chrono-therapy delivers drugs at an 
appropriate time, and the use of statins as a single dose at night is 
a classic case [6-9]. 

In this study, we endeavor to comprehensively analyze corona-
virus disease (COVID-19) mortality data from the perspective of 
circadian medicine.

METHODS

This is a cross-sectional observational study. COVID-19 mor-
tality data available from death summaries of COVID-19 cases 
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reported at Government General Hospital, Nellore was reviewed. 
The duration of the study was from March 2020 to September 
2021. All available COVID-19 patient deaths reported at the 
hospital during the study period were taken as convenient sam-
ple and included in the study.

Age, sex, presence or absence of comorbidities like hyperten-
sion, diabetes, coronary artery disease, date and time of death, and 
other relevant data were extracted from the death summaries. 
Deaths clustered in each hour of the day and every six hours were 
grouped for studying. Mere presence or absence of comorbidities 
like hypertension, type II diabetes, chronic kidney disease and 
coronary artery disease were considered. 

All the parameters were analyzed with the time of death to 
check whether any association existed between them using Pear-
son Chi Square test, likelihood ratio and linear by linear associa-
tion wherever applicable. Data was analyzed using SPSS Software 
version 28 (IBM Corp., Armonk, NY, USA). Results were consid-
ered at a nominal significance of p<0.05. An approval of institu-
tional ethics committee was obtained to conduct the study. The 
institutional ethics committee has waived the requirement to ob-
tain an informed consent from the patients as the study involved 
only blinded mortality data.

RESULTS

Mortality data of a total of 1,553 deaths was analyzed. The ac-
tual number of COVID-19 deaths at the institution may be up to 
5% higher than reported in the study. Among the 1,553 deaths, 
62.8% were male and 37.2% were female. The mean age of COV-
ID-19 deaths is 57.78±13.74 years for the whole data analyzed. 
The maximum number of deaths, accounting for 6.8% of all deaths, 
occurred between 00:01 hours to 01:00 hours in a 24-hour clock 
cycle. The least number of deaths, i.e., 1.8%, occurred between 
08:01 hours to 09:00 hours of the 24-hour cycle. Maximum deaths 
(a total of 404) were reported in May 2021 during the entire 
course of the first and second waves of the pandemic. The sec-
ond wave of the pandemic was indeed very severe and cases 
peaked quickly in May 2021.

The maximum deaths were reported between 18:01 hours to 
06:00 hours of the day. A total of 411 deaths occurred between 
18:01 hours to 24:00 hours and 407 deaths occurred between 00:01 
hours to 06:00 hours. Less number of deaths was recorded during 
the first half of the day, i.e., 358 deaths, between 06:01 hours to 
12:00 hours (Figure 1).

There is a significant statistical association between the time of 
death and the age of the deceased (p<0.001). There is also a signifi-
cant statistical association between the time of death and having 
comorbidity of diabetes mellitus (p<0.004). Furthermore, there 
is a significant statistical association between the time of death 
and the sex of the deceased (p<0.007).

There is no statistical association between time of death and 
comorbidity of hypertension; time of death and comorbidity of 
coronary artery disease; time of death and comorbidity of chron-

ic kidney disease. Hypothyroidism and cerebrovascular accident 
were seen as comorbidities in a few cases and hence they were not 
analyzed. 

DISCUSSION

Close to 85%–90% of all the deaths reported in this study were 
from COVID-19 ICU, wherein all forms of non-invasive ventila-
tion were used. It is also necessary to state that invasive ventila-
tion and cardiopulmonary resuscitation were not carried out in 
majority of the cases considering high risk of aerosol spread and 
less chance of reviving them. Midazolam was used for the pur-
pose of analog-sedation in COVID-19 patients. Methyl prednis-
olone was administered to majority of patients admitted in ICU 
twice daily. In addition, low molecular weight heparin was used 
wherever it was necessary. The protocols for management of CO-
VID-19 ICU cases were uniform as there were a huge number of 
admissions during the peak season. Therefore, the treatment re-
lated variables were not factored in the study. 

COVID-19 results in endothelial inflammation, intercellular 
junctional damage, and micro-thrombi formation. Hence, chro-
norythyms of blood circulation may influence vascular throm-
boembolic phenomena in COVID-19 cases [10]. Physiological 
processes like immune response, oxidative stress, and cellular me-
tabolism are also known to be regulated by the circadian clock 
[11,12]. By the same token, the behavior of asymptomatic carri-
ers, organ physiology, and sleep pattern in the sick and the viral 
life cycle within infected cells are linked to circadian clock in 
COVID-19 patients [13,14].

Additionally, COVID-19 induces myocardial injury, arrhyth-
mia, acute coronary syndrome, venous thromboembolism and 
also worsens the existing cardiac disease [15]. Besides, the bio-
logical clock plays important role in the pathogenesis of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion mediated through ACE2 and BMAL1 [16].
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Figure 1. Distribution of COVID-19 deaths in each quarter of the day.
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The relationship between cause of death and the time of death 
in critically ill COVID-19 patients was studied by few researchers 
[17]. Though circadian trends of infection were researched till 
now [18], no studies were done so far in understanding the sig-
nificance of the exact time of death from a circadian rhythm per-
spective. Hence, the present study is justified. 

In this study, it is observed that there is a nocturnal predilection 
in fatality of COVID-19 cases during both waves of the pandem-
ic. The reasons for the majority of deaths happening in the nights 
are to be investigated from the pathophysiological angle. SARS-
CoV-2 infection is affected by the patient’s circadian clock sys-
tem through two major mechanisms 1) by direct viral replication 
within the host’s cells and 2) by indirect effects on innate and 
adaptive immune responses. The total viral load and viral clear-
ance in the host are influenced by circadian clocks. The BMAL1 
gene has a role in mouse herpes virus infection and similar asso-
ciations with SARS-CoV-2 infection need to be need to be thor-
oughly investigated.

The renin-angiotensin mechanism and ACE2 receptor regula-
tion which is critical in COVID-19 pathophysiology is regulated 
by circadian rhythms [16]. Correspondingly, hypoxemic respira-
tory failure is one of the major causes of death in COVID-19 cas-
es. The role of hypoxia-inducible factor 1 alpha being an important 
interlocutor between circadian clocks and cellular oxygenation is 
one more arena to be further studied. 

The endogenous secretion of glucocorticoids has a robust cir-
cadian oscillation with a daily peak around the time of sleep-wake 
transition and minimal levels in the evening and early part of the 
night [19]. Low biological cortisol levels late in the evenings and 
into the nights perhaps can be one reason leading to a pro-inflam-
matory milieu resulting in the nocturnal preference of COVID-19 
deaths. Though the present study was carried out at one particu-
lar center, several personal communications to authors from phy-
sicians involved in COVID-19 care at several centers also con-
firmed high nocturnal propensity of COVID-19 fatalities. This 
needs to be validated by multi-centric studies.

The physiology of sleep can also influence COVID-19 fatalities. 
Regulation of sleep differs significantly between sleep and wake-
fulness; ventilatory responses to oxygen and carbon dioxide differ 
in sleep in comparison to wakefulness. Response to airway resis-
tance also varies during sleep and there is a significant reduction 
in chemosensitivity to oxygen and carbon dioxide with the onset 
of sleep [20]. Hence, it can be assumed that the reduced breathing 
effort of an individual combined with the nocturnal physiology 
of respiration can accentuate inflammatory changes in the lungs 
apart from the natural course of the illness. 

SARS-CoV-2 perturbation of host circadian rhythms and the 
host response to the virus leading to cytokine storm is clock-regu-
lated [21]. A circadian disruption leading to hyper inflammatory 
state is being counteracted with melatonin adjunctive therapy [22]. 

Circadian rhythms can influence the pathology of arterioscle-
rosis and thrombosis [23]. It is known that many thromboembol-
ic events occur during the early hours of the day because of a high 

proclivity for platelet aggregation and vasoconstriction during the 
early morning hours. This could also be one reason for high early 
morning deaths in COVID-19 cases where non-respiratory causes 
of death predominate. The association between time of death and 
diabetes mellitus is quite intriguing and requires further research 
to propose a hypothesis. 

Patient compliance factors, severity and duration of comorbidi-
ties were not taken into account in the study. Hence, subsequent 
researchers are advised to do so.

Chronofatality studies are new in the field of circadian medi-
cine. Understanding the significance of circadian rhythms in the 
timing of death will provide new insights into pathophysiology. 
The study demonstrated nocturnal predisposition of COVID-
19-related deaths in hospital settings. The existence of an associa-
tion between time of death and variables like age, sex, and having 
a comorbidity of diabetes mellitus will guide future researchers 
working in this area of chronobiology in medicine. 
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