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Background & objectives: In view of anecdotal reports of sudden unexplained deaths in India’s apparently 
healthy young adults, linking to coronavirus disease 2019 (COVID-19) infection or vaccination, we 
determined the factors associated with such deaths in individuals aged 18-45 years through a multicentric 
matched case–control study.
Methods: This study was conducted through participation of 47 tertiary care hospitals across India. Cases 
were apparently healthy individuals aged 18-45 years without any known co-morbidity, who suddenly 
(<24 h of hospitalization or seen apparently healthy 24 h before death) died of unexplained causes 
during 1st October 2021-31st March 2023. Four controls were included per case matched for age, gender 
and neighborhood. We interviewed/perused records to collect data on COVID-19 vaccination/infection 
and post-COVID-19 conditions, family history of sudden death, smoking, recreational drug use, alcohol 
frequency and binge drinking and vigorous-intensity physical activity two days before death/interviews. 
We developed regression models considering COVID-19 vaccination ≤42 days before outcome, any vaccine 
received anytime and vaccine doses to compute an adjusted matched odds ratio (aOR) with 95 per cent 
confidence interval (CI).
Results: Seven hundred twenty nine cases and 2916 controls were included in the analysis. Receipt 
of at least one dose of COVID-19 vaccine lowered the odds [aOR (95% CI)] for unexplained sudden 
death [0.58 (0.37, 0.92)], whereas past COVID-19 hospitalization [3.8 (1.36, 10.61)], family history of 
sudden death [2.53 (1.52, 4.21)], binge drinking 48 h before death/interview [5.29 (2.57, 10.89)], use 
of recreational drug/substance [2.92 (1.1, 7.71)] and performing vigorous-intensity physical activity 48 
h before death/interview [3.7 (1.36, 10.05)] were positively associated. Two doses lowered the odds of 
unexplained sudden death [0.51 (0.28, 0.91)], whereas single dose did not. 
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Globally, the incidence of sudden death 
among young adults had been estimated to be 
about 0.8-6.2 per 100,000/year1. Cardiovascular 
causes, including arrhythmia, myocardial ischaemia, 

cardiomyopathy, myocarditis, aortic aneurysm and 
valvular diseases, are the most commonly reported 
causes of such deaths2,3. The coronavirus disease 2019 
(COVID-19) pandemic resulted in excess mortality 
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Interpretation & conclusions: COVID-19 vaccination did not increase the risk of unexplained sudden 
death among young adults in India. Past COVID-19 hospitalization, family history of sudden death and 
certain lifestyle behaviors increased the likelihood of unexplained sudden death.
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and studies have documented the same in certain age 
groups4-6.

In India, there have been several anecdotal 
reports about sudden unexplained deaths among 
apparently healthy adults, purportedly linked 
to COVID-19 or COVID-19 vaccination7,8. The 
pathways through which COVID-19 may cause 
sudden deaths are currently not well-understood. 
However, it has been implicated that severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection increases the risk of heart disease and 
stroke possibly through direct viral invasion 
of cardiomyocytes and subsequent cell death, 
endothelitis, transcription alteration, complement-
mediated coagulopathy and downregulation of 
angiotensin-converting enzyme 2 and dysregulation 
of the renin–angiotensin–aldosterone system9. 
Although there is some evidence for the increased risk 
of death among COVID-19-recovered individuals 
and among those with breakthrough infections, the 
evidence for sudden deaths among such individuals 
is scarce10-13. COVID-19 vaccination by and large has 
been documented with preventing all-cause mortality 
across age groups and settings14,15.

Various consequences of SARS-CoV-2 infection 
have been documented by many independent 
researchers. These include increased risk documented 
by Xie et al9 for ischaemic heart disease [hazard ratio 
(HR)=1.72; 1.56-1.90] and also for stroke (HR=1.52; 
1.43-1.62) post 30 days of COVID-19. In a self-
controlled case series, Katsoularis et al16 documented 
the increased rate for acute myocardial infarction 
in the first [Incidence Rate Ratio (IRR)=2.89; 1.51-
5.55, second IRR=2.53; 1.29-4.94] and next two 
weeks (IRR=1.60; 0.84-3.04). Yeo et al8 estimated 
an excess risk (Risk Difference=5.3%; 1.6%-
9.1%) for acute myocardial infarction during the 
COVID-19 pandemic. In a nested case–control study 
conducted in India among individuals aged 18-45 yr 
and hospitalized for COVID-19; investigators had 
documented a protective role of COVID-19 
vaccination for mortality subsequent to discharge 
from COVID-1917.

In the Indian context, the reports of sudden death 
among young adults have not been investigated in 
detail. In view of the uncertainty of evidence on the 
risk of sudden death among young adults during the 
COVID-19 pandemic, we conducted a multicentric 
matched case–control study to determine the factors 
associated with unexplained sudden deaths among 

apparently healthy individuals aged 18-45 years in 
India. 

Material & Methods

Study design and setting: A matched case–control study 
was conducted in 47 tertiary care hospitals across 19 
States/Union Territories of India during May-August 
2023 after obtaining approvals from the Institutional 
Ethics Committees of all the participating study centres. 

Sample size: At the time of developing the protocol, 
the WHO guidance document18 provided a cutoff of 
42 days since vaccination for linking to any adverse 
events of special interest. Considering India’s overall 
COVID-19 vaccination coverage data, we assumed 
15 per cent average coverage for at least one dose of 
COVID-19 vaccine in the past 42 days (proportion of 
controls exposed). Further, we considered an odds ratio 
(OR) of 1.3, correlation of 0.2, case: control ratio of 
1:4, 95 per cent confidence interval (CI) and 80 per 
cent power. Based on these assumptions, we required 
1145 cases and 4580 matched controls.

Definition of cases: Cases were those aged 18-45 yr, 
who experienced unexpected sudden death, including 
sudden cardiac death and were registered in the study 
hospitals between 1st October 2021 and 31st March 
2023. Unexplained sudden death was defined as a 
natural, non-traumatic death of an apparently healthy 
individual (International Statistical Classification of 
Diseases and Related Health Problems 10th Revision 
codes R96, R98 and R99)19. Case could have 
been a ‘witnessed’ death, wherein death occurred 
in a hospital within 24 h of hospitalization or an 
‘unwitnessed’ death, wherein death occurred outside 
the hospital setting within 24 h of previously seen to 
be apparently healthy, including a person brought dead 
to the hospital. We excluded individuals with known 
medical condition(s) that can explain death, those 
taking long-term medications and those who died of 
injury, accident, poisoning, suicide, homicide or drug 
overdose. Further, for logistic reasons, we did not 
consider individuals residing in a locality requiring 
investigators to undertake more than a day’s travel 
(~100 km distance) from the study hospital.

Definition of controls: We defined controls as apparently 
healthy individuals aged 18-45 yr matched with the 
cases based on age (±5 yr), gender and locality (residing 
in the same neighbourhood as the matched case for at 
least six months before the case’s death). Individuals 
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with any known morbid condition requiring long-term 
medications were excluded as controls.

Selection of cases: The study hospitals prepared a line 
list of witnessed or unwitnessed deaths that occurred 
between October 1, 2021, and March 31, 2023, from 
hospital records, including death registers, medical 
certificates of cause of death and autopsy reports 
maintained in the various hospital departments. 
Two trained site physicians reviewed the records of 
witnessed deaths and determined their eligibility for 
the study as cases. For unwitnessed deaths, the study 
investigators perused available records or confirmed 
over telephone or at the time of interview of the best 
respondent the investigators whether the deceased 
(case) was apparently healthy 24 h before death. 
Following this, the study investigators visited the 
case household and conducted a verbal autopsy using 
a modified version of the 2022 WHO Verbal Autopsy 
instrument20. Two trained physicians reviewed the 
findings of the verbal autopsy and other information 
collected during the house visit and decided their 
eligibility for the study. The physicians were trained 
in the cause of death ascertainment through verbal 
autopsy using the ‘Mortality in India Established 
through Verbal Autopsy’21.

Selection of controls: Once case selection and 
interviews were over, the investigators searched for 
potential controls (matching for age and gender) from 
the households neighboring the case residence. For a 
selected case, the investigators visited households on 
either side of the case residence [left, right (within 
same street/lane) and over/below in in multistorey 
apartment]. We recruited one control per household; 
the first four eligible and willing controls were included 
per case.

Definitions of exposure variables: Information on 
COVID-19 vaccination and dates of vaccination were 
collected from records available with the respondents 
or the centralized database (search based on name, 
telephone number and address) wherever possible, 
or based on recall if the vaccination records were not 
available. Days since COVID-19 vaccination were 
calculated by using the date of most recent vaccination 
and date of death of cases. We used the date of death 
of cases for calculating the same interval for controls. 

We considered laboratory-confirmed SARS-CoV-2 
infection based on either of the following: self-reporting, 

past records or information obtained from ICMR 
laboratory surveillance database. Hospitalization, 
specifically for COVID-19, was considered for those 
reported positive for COVID-19 and information was 
collected on the nature and ways of receiving oxygen 
or intensive care. Determination of post-COVID-19 
conditions (PCC) was based on the WHO22 and CDC23 
definitions; presence of any of the symptoms (tiredness/
fatigue, shortness of breath, brain fog, altered smell, 
altered taste, chest pain, headache, cough, memory 
issue, joint pain, pain/spasm, post-exertional malaise, 
sleep problems and tachycardia/palpitations) after 
COVID-19, not present before COVID-19, affected 
daily functioning and not attributed to any other 
diagnosis were the characteristics. We considered the 
presence of PCC at one month and three months after 
COVID-19 diagnosis.

Current tobacco smoking was ascertained by 
determining whether the person was engaged in 
tobacco smoking at the time of interview for controls 
and up to the point of death for cases. Further, we 
ascertained a history of smoking at any time in the 
past to classify past smoking among non-current 
smokers; smoking-related questions were based on 
the Global Adult Tobacco Survey24. We ascertained 
consumption of any of the alcoholic beverages (beer, 
wine, whisky, rum, gin, vodka or locally prepared 
alcohol) at the time of interview for controls or 
up to the point of death for cases. Among those 
reporting consumption of alcohol, we ascertained 
binge drinking behavior (6 or more alcoholic drinks 
on a single occasion25) in the past one year and 48 h 
before death (for cases) or interview (for controls). 
Data was collected also on the frequency of use of 
recreational drugs/substances (Marijuana/Pot/Weed/
Cocaine/Crack/heroine/LSD, methamphetamine) in 
the past one year before death/interview.

We defined vigorous-intensity physical activity as 
any activity that caused large increases in breathing 
or heart rate for at least 10 min continuously26 and 
ascertained if the same was part of their routine work 
or undertaken in the past one year and 48 h before 
interview (controls) or death (cases). Family history 
of sudden death was recorded if there were any first-
degree relatives reported to have suddenly died within 
24 h of being apparently healthy.

Data collection: Trained investigators obtained 
appointments telephonically before making house 
visits for data collection. On the day of house visit, 
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the study investigators obtained written informed 
consent from the respondent of the case and collected 
information about sociodemographic characteristics, 
past medical history and other exposure variables 
using a structured questionnaire created with Open 
Data Kit (https://getodk.org/). The investigators 
identified the best adult respondent for the case as 
one who was with the deceased individual before 
and until the time of death and was expected to 
have knowledge about the details required for the 
study. For both cases and controls, wherever needed 
(especially for medical history, COVID-19 infection 
or vaccination), efforts were made to collect data 
from medical records available with the hospital or 
records/reports available with the respondents or from 
centralized databases (CoWIN or ICMR COVID-19 
Testing Database).

Statistical analysis: Sociodemographic and exposure 
characteristics of cases and controls were presented 
as proportions. Univariate conditional logistic 
regression analysis was performed to estimate the 
unadjusted matched odd ratio (OR) for each exposure 
variable. We considered variables from the univariate 
analysis with P<0.25 of OR in the multivariable 
conditional logistic regression models for computing 
adjusted matched OR (aOR) and 95 per cent CI. We 
constructed three multivariable models taking into 
account site-level heterogeneity using variance-
covariance matrix (cluster) option and the interaction 
between hospitalization and vaccination. In model 
1, we included receipt of any dose of the COVID-19 
vaccine 42 days before death of cases, whereas model 
2 included receipt of any dose of vaccine at any time 
and model 3 included the number of doses of the 
COVID-19 vaccine. In order to examine the dose-
response trend for doses of vaccine received, we used 
post-estimation Wald test and compared the aORs 
between single versus two dose groups. We estimated 
statistical power for each of the exposure variables 
based on OR, the total number of observations and 
number of matches per case–control set for each 
model. All statistical analyses were performed using 
STATA SE software version 17 (StataCorp, Texas, 
USA).

Human participant protection: The study was 
reviewed and approved by the Institutional Human 
Ethics Committee (IHEC) of ICMR-National Institute 
of Epidemiology, Chennai and by the IHECs of all the 
participating study hospitals.

Results

We listed 29,171 sudden deaths among individuals 
aged 18-45 yr as potential cases. Of these deaths, 
eligibility was ascertained for 24,398 (84%) and 
777 (3.2%) met the eligibility criteria. We excluded 
246 of the 3162 potential matched controls approached 
for various reasons. We also excluded 48 cases with less 
than four matched controls from the analysis (Figure).

Characteristics of cases and controls: We included 
729 cases and 2916 controls in the analysis. The 
majority of participants (87% cases and 81% 
controls) had received at least one dose of COVID-19 
vaccination any time before the outcome. A small 
proportion (2% of cases and 1% of controls) had 
been hospitalized for COVID-19 among which (2% 
of cases and 1% of controls) had a history of PCC at 
one month after COVID-19 diagnosis (none reported 
at three months). Nearly 10 per cent of the cases and 4 
per cent of the controls had a family history of sudden 
death. About 27 per cent of cases and 19 per cent of 
controls were smokers. Alcohol use was reported 
among 27 per cent of cases and 13 per cent of controls. 
Among these, almost seven per cent of the cases and 
a little over 1 per cent of the controls reported binge 
drinking 48 h before death or interview. Vigorous 
intensity physical activity in the past one year was 
reported by 18 per cent of cases and 17 per cent of 
controls (Table I).

Univariate analysis: In the univariate analysis, the 
odds of receipt of any dose of COVID-19 vaccine 
were lower for cases as compared to controls 
irrespective of when they received [received  42 days 
before death of cases (OR [95% CI]: 0.56 [0.32, 0.97]) 
received anytime (OR [95% CI]: 0.55 [0.34, 0.89])]. 
ORs differed by vaccine doses received for one dose 
[OR (95% CI): 1.05 (0.78, 1.44)] and for two doses 
[OR (95% CI): 0.46 (0.25, 0.58)] (Table II).

Patients with unexplained sudden death were four 
times more likely to have had been hospitalized for 
COVID-19 [OR (95% CI): 3.88 (1.94, 7.79)], whereas 
PCC was not associated. Family history of sudden death 
was almost three times more likely to be associated 
with unexplained sudden death [OR (95% CI): 2.70 
(1.92, 3.79)]. Lifestyle factors such as current smoking 
status, alcohol use frequency, recent binge drinking, 
recreational drug/substance use and vigorous-intensity 
activity were positively associated with unexplained 
sudden death. As compared to never users, the more 



	 PONNAIAH et al: UNEXPLAINED SUDDEN DEATHS AMONG YOUNG ADULTS	 7

the frequency of alcohol use, the higher was the odds 
for unexplained sudden death (Table II).

Multivariable analysis: Due to intrinsic dependencies 
within our data, we omitted PCC and alcohol frequency 
in the multivariable analysis. After including the 
interaction between hospitalization and vaccination, 
the first model did not achieve convergence. Hence, the 
interaction term was considered in the models 2 and 3.

In model 1, receipt of any dose of the COVID-19 
vaccine within 42 days of the outcome was not 
significantly associated [aOR (95% CI): 0.53 
(0.25, 1.14)] with unexplained sudden death. 
Hospitalization for COVID-19, binge drinking 48 h 
before death/interview and vigorous-intensity physical 
activity performed 48 h before death were significantly 
associated with increased odds for unexplained 
sudden death. The OR for current smokers [aOR (95% 
CI): 1.56 (1, 2.4)] was consistent with an increased 
likelihood of unexplained sudden death (Table III).

After adjusting for all other variables in model 2, 
receipt of any dose of COVID-19 vaccine was associated 
with lower odds [aOR (95% CI): 0.58 (0.37, 0.92)] of 
unexplained sudden death (Table III). Hospitalization 
for COVID-19 [aOR (95% CI): 3.8 (1.36, 10.61), family 
history of sudden death [aOR (95% CI): 2.54 (1.52, 
4.21)], binge drinking 48 h before death [aOR (95% 
CI): 5.29 (2.56, 10.89)], recreational drug/substance 

use [aOR (95% CI): 2.91 (1.12, 7.71)] and vigorous-
intensity physical activity 48 h before death [aOR (95% 
CI): 3.7 (1.36, 10.05)] were significantly associated 
with increased odds for unexplained sudden death. The 
OR for current smokers [aOR (95% CI): 1.37 (0.95, 
1.99)] was consistent with an increased likelihood of 
unexplained sudden death (Table III). 

In model 3, compared to no vaccination and 
adjusted for all other variables in the model, single dose 
of the COVID-19 vaccine did not show a statistically 
significant protective effect. However, receipt of two 
doses of vaccine was associated with lower odds for 
unexplained sudden death [aOR (95% CI): 0.51 (0.28, 
0.91)]. The post-estimation test confirmed a significant 
dose–response trend (P=0.01), substantiating the 
higher level of protection offered by two doses. 
Family history of sudden death [aOR (95% CI): 2.11 
(1.26, 3.51)], behaviours such as binge drinking 48 h 
before death and vigorous-intensity physical activity 
performed 48 h before death significantly increased 
the odds for unexplained sudden death among young 
adults. The OR for current smokers [aOR (95% CI): 
1.38 (0.94, 2.03)] was consistent with an increased 
likelihood of unexplained sudden death (Table III).

Discussion

In view of media reports of unexplained sudden 
deaths among young adults allegedly linked to 

Deaths listed among 18-45 yr

Figure. Flowchart of eligibility ascertainment of the cases and controls, multicentric matched case–control study of unexplained sudden 
deaths among young adults, India, 2023.
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COVID-19 vaccination, the Indian Council of Medical 
Research (ICMR) commissioned a case–control 
study involving hospitals across India. Our findings 
did not indicate any evidence of positive association 
of unexplained sudden death with COVID-19 
vaccination. However, a history of sudden death in the 
family, COVID-19 hospitalization and certain high-
risk behavioral factors were positively associated with 
unexplained sudden death among young Indians.

We found no evidence of a positive association of 
COVID-19 vaccination with unexplained sudden death 
among young adults. On the contrary, the present study 
documents that COVID-19 vaccination indeed reduced 
the risk of unexplained sudden death in this age group. 
In terms of assessing27 the given association between 
vaccine and unexplained sudden death, we ruled out 
the role of chance through a statistically significant 
matched OR and adjusted for known confounders. 

Table I. Characteristics of cases and controls, multi‑centric matched case–control study of unexplained sudden deaths among young 
adults, India, 2023
Variables Cases n (%) Controls n (%)
Vaccination status n=710 n=2874
Not vaccinated 133 (18.7) 359 (12.5)
One dose 145 (20.4) 355 (12.4)
Two doses 401 (56.5) 1944 (67.6)
Three doses 31 (4.4) 216 (7.5)
Any vaccination 577 (81.3) 2515 (87.5)
Days between vaccination and death of cases, median (IQR) 257.8 (239.5) 266.3 (251)
Received COVID‑19 vaccine before death of cases n=421 n=1522
≤42 days 22 (5.2) 90 (5.9)
>42 days 266 (63.1) 1073 (70.5)
Unvaccinated 133 (31.6) 359 (23.6)
Hospitalized for COVID‑19 n=706 

16 (2.3)
n=2827 
17 (0.6)

Post‑COVID‑19 condition (at one month) n=688 
14 (2)

n=2781 
31 (1.1)

Family history of sudden death n=719 
69 (9.6)

n=2869 
127 (4.4)

Smoking status n=713 n=2872
Never smoker 523 (73.4) 2316 (80.6)
Current smoker 163 (22.9) 473 (16.5)
Past smoker 27 (3.8) 83 (2.9)
Alcohol use frequency n=715 n=2870
Never user 519 (72.6) 2483 (86.5)
Moderate user 82 (11.5) 266 (9.3)
Heavy user 114 (15.9) 121 (4.2)
Binge drinking 48 h before death/interview n=677 n=2853

48 (7.1) 46 (1.6)
Recreational drug/substance use n=717 n=2870

12 (1.7) 17 (0.6)
Vigorous intensity physical activity n=692 n=2815
Never performed 561 (81.1) 2334 (82.9)
Performed in the last year but not 48 h before death/interview 107 (15.5) 436 (15.5)
Performed 48 h before death/interview 24 (3.5) 45 (1.6)
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Further, we documented a gradient of the association 
with the vaccine doses. The primary purpose of 
vaccination is to prevent COVID-19-associated 
severity28. Studies have documented adverse events, 
predominantly thromboembolic events, following 
COVID-19 vaccination29,30. However, evidence, 
although scant, exists for its protection offered against 
all-cause mortality across age groups14,15. Thus, our 
findings of reduced risk of unexplained sudden death 
among young adults are consistent with the findings on 
prevention of all-cause mortality and it is reasonable 
that an analogy could be made to that of a reduced risk 
of death among a subset of the population. As noted 
earlier, an Indian study documented such preventive 
role of COVID-19 vaccination for post-discharge 
mortality among young adults post-COVID-1917.

The biological plausibility of this reduced risk of 
unexplained sudden death among vaccine recipients 
requires deeper examination. Globally, studies have 
documented an increased risk of cardiovascular 
complications following COVID-1931,32. In the present 
study, we documented that reported hospitalization 
for COVID-19 independently increased the risk of 
unexplained sudden death by fourfold. Further, studies 

have documented that COVID-19 vaccination reduces 
the risk of severe COVID-19 as measured through 
hospitalization following COVID-1928,33. As per the 
published report, an increased risk for cardiovascular 
complications following COVID-19 infection leading 
to sudden cardiac death is a suggested plausibility 
through multifactorial mechanisms34. The reduced risk 
following COVID-19 vaccination, as observed in our 
study, could possibly be due to the protection offered 
by COVID-19 vaccination against severe COVID-19, 
leading to reduced chances of cardiovascular events 
and thereby reducing the risk of death among them. 
However, longitudinal studies are required to 
understand such causal pathways.

The effect size for hospitalization in model 1 
(wherein interaction between hospitalization and 
vaccination could not be included) was contrastingly 
higher (almost four times) as compared to the effect 
size estimated from model 2 and was not significant 
in model 3. This difference could be explained on the 
basis of number of exposed included in these models. 
In this study, a total of 33 individuals reported a 
history of hospitalization for COVID-19. In model 
1, wherein we considered duration since vaccination 

Table II. Univariate analysis, multi‑centric matched case–control study of unexplained sudden deaths among young adults, India, 2023
Variables Unadjusted matched OR (95% CI) P
Received COVID‑19 vaccine ≤42 days before death of cases 0.56 (0.32‑0.97) 0.041
Received COVID‑19 vaccine any time before death of cases 0.55 (0.34‑0.89) 0.017
Number of doses of COVID‑19 vaccine
One dose 1.05 (0.78‑1.44) 0.802
Two doses 0.46 (0.25‑0.58) 0.01
Hospitalized for COVID‑19 3.88 (1.94‑7.79) <0.001
Post‑COVID‑19 condition 1.79 (0.90‑3.59) 0.095
Family history of sudden death 2.7 (1.92‑3.79) <0.001
Smoking status
Current smoker 1.94 (1.51‑2.51) <0.001
Past smoker 1.63 (1.03‑2.59) 0.038
Alcohol use frequency
Moderate user 2.72 (1.92‑3.85) <0.001
Heavy user 10.79 (7.27‑16) <0.001
Binge drinking 48 h before death/interview 6.38 (3.91‑10.45) <0.001
Recreational drug/substance use 3.78 (1.58‑9.06) 0.003
Vigorous intensity physical activity
Performed in the last year 1.09 (0.77‑1.53) 0.615
Performed 48 h before death/interview 2.75 (1.55‑4.88) <0.001
OR, odds ratio; CI, confidence interval
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before the outcome, of the 33 hospitalized, 
vaccination dates were available for 21, of whom, 
only one had received vaccination ≤42 days and 
thus was considered as exposed. However, in model 
2 considering vaccination anytime, of the 33 with 
hospitalization history, 28 were considered exposed. 
These numbers could have influenced the differences 
in the effect size and the precision thereof. However, 
the direction of the effect was similar in the first two 
models.

In addition to the COVID-19-specific factors, we 
identified two lifestyle related high-risk behaviours 
associated with unexplained sudden death. Binge 
drinking 48 h before death/interview was identified 
to be associated. Several studies have documented 
that heavy and binge drinkers are at increased risk of 
stroke, cardiac arrhythmias and sudden cardiac death35. 
It has been shown that large amount of alcohol can 
lead to QT prolongation and cardiac arrhythmias, 
in turn leading to sudden death35,36. Unaccustomed 
physical activity of vigorous and intense nature 48 h 
before death was associated with unexplained sudden 

death. Exertion during physical exercise is known to 
increase the chances of acute plaque rupture making 
partial or complete blockage of coronary arteries and 
thus leading to sudden death37,38.

Strengths of the study: Our study has certain strengths. 
During the design of the study, we considered various 
issues to overcome biases and limitations. This included 
matched design to increase the statistical efficiency 
and operational ease of recruiting controls in the 
field as well. In the absence of prior data to calculate 
meaningful sample size, we did assume days since 
COVID-19 vaccination based on prevailing data and 
the plausible time interval for documenting the adverse 
events of special interest post-vaccination suggested 
by the WHO18. Our sample size, although lesser than 
computed, we had almost 100 per cent power for 
key variables under consideration. The challenges of 
recruiting cases with reasonable accuracy and meeting 
the sample size were overcome through the inclusion of 
witnessed and unwitnessed deaths, confirmation of case 
status through rigorous scrutiny by multiple physicians 
and training of investigators through the adaptation of 

Table III. Multivariable conditional logistic regression analysis, multi‑centric matched case–control study of unexplained sudden 
deaths among young adults, India, 2023
Variables Model 1* (any dose of 

vaccine ≤42 days)
Model 2† (any vaccine, 

any time)
Model 3‡ (number of doses 

of vaccine, anytime)
Adjusted matched 

OR (95% CI)
Power 

(%)
Adjusted matched 

OR (95% CI)
Power 

(%)
Adjusted matched 

OR (95% CI)
Power 

(%)
Received COVID‑19 vaccine ≤42 days before death 
of cases

0.53 (0.25‑1.14) 98 ‑ ‑ ‑ ‑

Received COVID‑19 vaccine any time before death 
of cases

‑ 0.58 (0.37‑0.92) 100 ‑ ‑

Number of doses of COVID‑19 vaccine
One dose ‑ ‑ ‑ ‑ 1 (0.73‑1.36) 5
Two doses ‑ ‑ ‑ ‑ 0.51 (0.28‑0.91)§ 100
Hospitalized for COVID‑19 14.22 (4.01‑50.38) 100 3.8 (1.36‑10.61) 100 2.24 (0.48‑10.32) 95
Family history of sudden death 2.15 (0.98‑4.75) 99 2.53 (1.52‑4.21) 100 2.11 (1.26‑3.51) 100
Smoking status
Current smoker 1.56 (1‑2.4) 99 1.37 (0.95‑1.99) 100 1.38 (0.94‑2.03) 99
Past smoker 1.71 (0.63‑4.67) 100 1.69 (0.69‑4.14) 100 1.78 (0.69‑4.62) 99
Binge drinking 48 h before death/interview 5.96 (2.44‑14.6) 100 5.29 (2.57‑10.89) 100 5.56 (2.46‑12.58) 100
Recreational drug/substance use 0.96 (0.21‑4.35) 5 2.92 (1.12‑7.71) 100 2.91 (1.03‑8.19) 99
Vigorous intensity physical activity
Performed in the last year 0.97 (0.47‑1.99) 6 1.15 (0.61‑2.17) 65 1.09 (0.54‑2.19) 49
Performed 48 h before death/interview 4.64 (1.25‑17.21) 100 3.7 (1.36‑10.05) 100 3.82 (1.26‑11.54) 100
Number of observations included in each model: *Model 1=1259; †Model 2=2952; ‡Model 3=2670; §P=0.01 for post‑estimation Wald 
test. COVID‑19, coronavirus disease 2019
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the WHO’s VA instrument20. This study drew strength 
by including sites across the country from a variety of 
settings and the site heterogeneity was accounted in the 
statistical model as well.

Study limitations: Our study has a few limitations. 
First, there is a potential for misclassification of cases 
or controls. We might not have been able to fully satisfy 
the inclusion criteria in terms of ‘explainability’ of 
the cause of death, possibly due to the inability of the 
health facility to ascertain any undiagnosed/unreported 
conditions or lack of documentation in the records on 
self-reported medications. However, this is unlikely to 
have played a major role in this study due to the specific 
methods used. Three-fourth of the cases in our study 
belonged to the witnessed death category, and hence, 
likely to have had better documentation of diagnosis 
or medical history and thereby allowing subsequent 
review by study site clinicians. In the remaining 
cases of unwitnessed deaths, we relied on verbal 
autopsy in the field by trained investigators followed 
by the assignment of medical cause after review by 
two study site clinicians. Although minimal, such 
misclassification of outcome would thus be differential 
and could have biased our effect estimate in either 
direction. We could have had bias in the selection of 
controls, if potential controls were not available for the 
interview, specifically, on account of being in a state of 
inebriation. This could have led to an overestimation of 
the association for binge drinking.

In terms of exposure ascertainment, our study could 
suffer from information bias during data collection. We 
could have had differential misclassification of exposure 
variables of vaccination status and lifestyle risk factors 
such as accurate recording of alcohol or substance use. 
While for cases, we relied on information provided 
by the best proxy respondents, the information from 
controls was obtained directly. This could have biased 
our effect estimates in either direction.

The information on the dates of vaccination 
was not available from all the study participants. To 
maximize the availability of dates of vaccination, in 
addition to self-reported dates, we did obtain the dates 
of vaccination from centralized databases. Further, we 
noted that the availability of dates of vaccination was 
almost equal for the cases and controls and the power 
for this analysis was 98 per cent.

Overall, based on the findings from this multi-
centric case–control study, it was  concluded that 

COVID-19 vaccination was not associated with an 
increased risk of unexplained sudden death among 
young adults. At the same time, family history of 
sudden death, hospitalization for COVID-19 and 
lifestyle behaviours such as recent binge drinking and 
vigorous-intensity physical activity were risk factors 
for unexplained sudden death. Addressing these factors 
among young adults could potentially modify their risk 
of unexplained sudden death. 
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