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Abstract
Background  Tamil Nadu state reported the second highest number of confirmed COVID-19 cases in India. In this study, 
we aimed to describe and determine the risk factors for early death among the first 10,000 COVID-19 deaths in the state.
Methods  We conducted a cross sectional analysis of state government administrative data to describe deaths, examine the 
differences between early deaths and non-early deaths, and calculate the risks of early death for several independent vari-
ables. All p-values < 0.05 were considered statistically significant.
Results  In total, 4147 early deaths (41.5%) were recorded; the median age of patients who suffered from early death was 
significantly lower [64 years; interquartile range (IQR): 55–72] when compared with patients who did not suffer from early 
death (65 years; IQR: 56–73). After adjusting for comorbidities, age, and the time elapsed from the onset of symptoms to 
hospitalization; we found that the risk of early death was significantly lower for males [adjusted odds ratio (aOR): 0.82; 95% 
confidence interval (CI): 0.72, 0.93; p = 0.002], among rich individuals (aOR: 0.76; 95% CI: 0.63, 0.92; p = 0.004), in the 
richest districts (aOR: 0.70; 95% CI: 0.59, 0.84; p < 0.001) and for those who received treatment in private facilities (aOR: 
0.45; 95% CI: 0.40, 0.51; p < 0.001.
Conclusions  The risk of early deaths among the first 10,000 reported COVID deaths in the Tamil Nadu state of India was 
higher in patients treated in government hospitals especially in the poorest districts probably indicating a lack of infrastructure 
in government facilities or the overburdening of government facilities at least in the early phase of the pandemic.
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1  Introduction

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
caused a pandemic that affected 618 million people and 
caused 6.54 million deaths globally as of 3 October 2022 
[1]. India was one of the most affected countries with 
approximately 44 million reported cases and 500,000 
deaths as of 3 Jan 2023 [2].

India’s first COVID-19 case was reported on 30 January 
2020 in a medical student who returned from China. The 
burden of cases and mortality rate varied across different 
states in India. Maharashtra reported the highest number 
of confirmed COVID-19 cases, followed by Tamil Nadu, 
while Gujarat, Andhra Pradesh and West Bengal reported 
the highest case fatality rate (CFR) during the early days 
of the pandemic [3]. Tamil Nadu reported its first con-
firmed case on 5 March 2020. Though not the wealthiest 
Indian state, Tamil Nadu has an effective public health and 
health care delivery system [4]. The state reported a CFR 
of 1.54% in October 2020 [5].

Previous studies from India have reported an increased 
rate of COVID-19 mortality among males and those with 
comorbidities [6–9]. Male sex has been shown to be asso-
ciated with increased expression levels of angiotensin-
converting enzyme 2 (ACE2) receptors; these receptors 
are important for the SARS-CoV-2 to bind and enter host 
cells. In a previous study, Pinto et al. found that a higher 
expression level of ACE2 was associated with an increased 
severity of COVID-19 and that high expression levels of 
the ACE2 receptor may be one of the reasons underlying 
the higher mortality rate in male patients with COVID-
19 than female patients [10]. A systematic review and 
meta-analyses of 42 studies showed that older age was 
associated with an increased risk of mortality [11]. These 
analyses also revealed a high risk of mortality among 
hospitalized COVID-19 patients with chronic obstructive 
pulmonary disease (COPD), cardiovascular disease, diabe-
tes, hypertension, obesity, cancer, acute kidney injury and 
increased levels of D-dimer. A study from Kerala reported 
a median time of 4 days from COVID-19 positivity to 
hospital admission and 2 days from hospital admission 
to death [7]. Another study reported a duration of 11 days 
between illness onset and death [8]. A study by Laxmi-
narayan et al. identified older age and male sex as the key 
predictors for the time to death [4]. Furthermore, the tim-
ing of death in COVID-19 patients was shown to differ 
with comorbidities and the severity of illness.

Although there have been some studies from different 
parts of India that investigated COVID-19 mortality, most 
of these were limited by small sample sizes. Almost all of 
these studies showed that death occurred predominantly in 

elderly males and that the level of comorbidity increased 
the risk of death. However, the existing literature does 
not describe the risk factors associated with early death 
in COVID-19 patients. Understanding the factors associ-
ated with mortality with respect to the different timings of 
death could guide physicians in the clinical management 
of COVID-19 patients, so that physicians could prioritize 
patients by risk scoring. Recognizing these risk factors 
can help develop effective and timely interventions that 
would help to reduce mortality. Therefore, this study was 
undertaken to identify the risk factors for early mortality 
among COVID-19 patients who died during the early days 
of the pandemic in the Tamil Nadu state of India.

1.1 � Research Objectives

1.	 To describe the characteristics of early deaths among the 
first 10,000 COVID-19 fatalities in the Tamil Nadu state 
of India.

2.	 To determine the risk factors associated with early death 
among these cases.

2 � Materials and methods

We used the Strengthening the Reporting of Observational 
studies in Epidemiology (STROBE) guidelines to report this 
observational study [12]. We used a cross-sectional design 
to investigate the first 10,000 COVID deaths in Tamil Nadu. 
We used death data from the administrative bulletin released 
daily by the state health department for this analysis [13]. 
The data were available as pdf files; the data were extracted 
and entered in a pre-designed Microsoft Excel sheet. These 
data included all deaths, including patients who had died 
prior to reaching the hospital, as reported from government 
and private health facilities across the state. We recorded the 
following variables: age, sex, type of health facility (govern-
ment or private), name of the district, the number of days 
from symptoms to admission and from admission to death, 
and the presence of comorbidities such as diabetes melli-
tus, hypertension, coronary artery disease (CAD), chronic 
kidney disease (CKD), asthma, cancer, tuberculosis (TB), 
and hypothyroidism. We grouped all patients into three age 
groups: children (< 17 years), adults (17–60 years) and older 
adults (> 60 years).

In addition, we used the multidimensional poverty index 
(MPI) [14] to classify districts based on poverty. MPI, the 
most widely used non-monetary poverty index in the world 
identifies overlapping deprivations at the household level 
across the three dimensions of living standards, health, and 
education by using ten indicators: nutrition, child mortal-
ity, years of schooling, school attendance, access to cooking 
fuel, sanitation, drinking water, electricity, and housing, and 
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the ownership of assets. A higher MPI indicates a higher 
rate of household poverty. We categorized the districts into 
four groups based on MPI score: quartile 1 or the poorest 
(MPI score: 0.031–0.046), quartile 2 or poor (MPI score: 
0.0216–0.030), quartile 3 or rich (MPI score: 0.013–0.0215), 
and quartile 4 or richest (MPI score: 0.004–0.012).

We defined multimorbidity as the presence of more than 
one comorbidity [15] and defined early death as death that 
occurred within 3 days of admission to hospital [17].

2.1 � Data Analyses

First, we described the characteristics of all 10,000 COVID-
19 deaths. Second, we investigated the differences in char-
acteristics between patients who suffered early deaths and 
non-early deaths after excluding missing data relating to 
sex, facility type and the number of days from symptoms 
to admission and the number of days from admission to 
death. Pearson's chi-squared test and the Wilcoxon rank 
sum test were used to test for statistical differences. Finally, 
we performed multivariable logistic regression and calcu-
lated unadjusted and adjusted odds ratio for early deaths 
across independent variables. The model was adjusted for 
the following variables: age group, sex, facility, multimor-
bidity, the number of days from symptoms to admission, and 
district MPI quartiles. All p-values < 0.05 were considered 
significant. All analyses were performed in R software (R 
studio, version 4.2.2, 2022) [17].

2.2 � Ethical Considerations

The data did not include any patient identifiers and did not 
involve any patient interviews. Therefore, there was no 
requirement for ethical approval or informed consent.

3 � Results

The first death was reported on 7 March 2020 and the 
10,000th death was reported on 8 October 2020. Table 1 
summarizes the characteristics of the first 10,000 COVID-
19 deaths reported from Tamil Nadu; 7371 were males 
(73.7%) and 6572 (65.72%) were older adults. Multimor-
bidity was present in 4420 (44.2%) of the subjects and 2359 
(23.6%) subjects reported no comorbidities. The most com-
mon comorbidity was diabetes mellitus (57.7%), followed 
by hypertension (45.5%), CAD (15.3%) and CKD (11.1%). 
There were 1080 (10.8%) patients from districts from quar-
tile 1 of the MPI (poorest districts), 1939 (19.4%) from quar-
tile 2 (poor), 2432 (24.3%) from quartile 3 (rich), and 4549 
(45.5%) patients from quartile 4 (richest districts). There 
were 6587 (65.9%) deaths in government health facilities. 
The median time from admission to death was 4 days (IQR: 

1.9–8 days) and the median time from symptoms to death 
was seven days (IQR: 4–12 days). There were 4147 (41.5%) 
early deaths; 3008 of these were male (72.6%).

Figure 1 shows the distribution of comorbidities across 
sex. Diabetes mellitus, hypertension, hypothyroidism, bron-
chial asthma, and cancer were reported for a greater number 
of females while CAD, CKD, and TB were reported more 

Table 1   Characteristics of the first 10,000 COVID-19 deaths reported 
from the Tamil Nadu state of India

a  n (%)
b Median (interquartile range)
MPI multidimensional poverty index

Characteristic Overall,
N = 10,000a

Sex
 Male 7371 (73.7%)
 Female 2627 (26.2%)
 Male 7371 (73.7%)
 Unknown 2 (0.02%)

Facility
 Government 6587 (65.9%)
 Private 3399 (34.0%)
 Unknown 14 (0.1%)

Age (years)b 65 (55, 73)
Age group
 Children 31 (0.3%)
 Adults 3397 (34.0%)
 Older adults 6572 (65.7%)

MPI quartile
 Quartile 1/poorest 1080 (10.8%)
 Quartile 2/poor 1939 (19.4%)
 Quartile 3/rich 2432 (24.3%)
 Quartile 4/richest 4549 (45.5%)

Presence of comorbidity
 No comorbidities 1400
 Any comorbidity 8600

Morbidity group
 Multimorbidity absent 5580 (55.8%)
 Multimorbidity present 4420 (44.2%)

Symptoms to admission (days) 2 (0, 4)
 Unknown 3894

Admission to death (days) 4.0 (1.9, 8.0)
 Unknown 43

Symptoms to death(days) 7 (4, 12)
 Unknown 3903

Brought dead 76 (0.8%)
Early death
 Early death 4147 (41.5%)
 Non early death 5810 (58.1%)
 Unknown 43
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often in males. The presence of any comorbidity was also 
reported more commonly in females.

Table 2 summarizes the differences between early deaths 
and non-early deaths. The median age of patients who 

suffered from early death was significantly lower [64 years 
(IQR: 55–72)] when compared with patients who did not suf-
fer from an early death [65 years (IQR: 56–73); p = 0.002]. 
The majority of early deaths were reported from government 
hospitals, among the elderly, males, and from the richest 
districts. Among patients with multimorbidity, only 39.4% 
suffered an early death; this compared with 43.5% in patients 
who did not have multimorbidity.

Table 3 shows the unadjusted and adjusted odd ratios for 
early deaths. In the unadjusted analyses, we found a lower 
risk of early death among males (OR: 0.9; 95% CI: 0.83, 
0.99; p = 0.03). Patients in private hospitals had a 60% lower 
risk for early death (OR: 0.40; 95% CI: 0.37, 0.44; p < 0.001) 
when compared with patients in government hospitals. 
Patients from rich districts (OR: 0.71; 95% CI: 0.62, 0.82; 
p < 0.001) and the richest quartiles (OR: 0.65; 95% CI: 0.57, 
0.74; p < 0.001) had a significantly lower risk for early death.

In the final adjusted model, we found that the risk for 
early death was significantly lower for males (aOR: 0.82; 
95% CI: 0.72, 0.93; p = 0.002) among the rich (aOR: 0.76; 
95% CI: 0.63, 0.92; p = 0.004), and the richest districts 
(aOR: 0.70; 95% CI: 0.59, 0.84; p < 0.001), and those who 
received treatment in private facilities (aOR: 0.45; 95% CI: 
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Fig. 1   The first 10,000 COVID-19 deaths in Tamil Nadu, India show-
ing the distribution of reported comorbidities across sex. BA bron-
chial asthma, CAD coronary artery disease, CKD chronic kidney dis-
ease, TB tuberculosis

Table 2   The first 10,000 
COVID-19 deaths in Tamil 
Nadu, India showing differences 
between early and non-early 
deaths

a  n (%)
b  Pearson's chi-squared test, Wilcoxon rank sum test as appropriate
c Median (interquartile range)
MPI multidimensional poverty index

Characteristic Overall
N = 9941a

Early death
N = 4142a

Non-early death,
N = 5799a

p-valueb

Facility  < 0.001
 Government 6556 3201 (48.8%) 3355 (51.2%)
 Private 3385 941 (27.8%) 2444 (72.2%)

Agec 65 (55,73) 64 (55, 72) 65 (56, 73) 0.002
Age groups 0.05
 Children 27 13 (48.2%) 14 (51.8%)
 Adults 3,383 1464 (43.3%) 1919 (56.7%)
 Older adults 6,531 2665 (40.8%) 3866 (59.2%)

Sex 0.03
 Female 2609 1134 (43.5%) 1475 (56.5%)
 Male 7332 3008 (41.0%) 4324 (58.9%)

MPI quartile  < 0.001
 Quartile 1/poorest 1070 526 (49.2%) 544 (50.8%)
 Quartile 2/poor 1929 883 (45.8%) 1046 (54.2%)
 Quartile 3/rich 2421 987 (40.8%) 1434 (59.2%)
 Quartile 4/richest 4521 1746 (38.6%) 2775 (61.4%)

Morbidity group  < 0.001
 Multimorbidity absent 5543 2409 (43.5%) 3134 (56.5%)
 Multimorbidity present 4398 1733 (39.4%) 2665 (60.5%)

Number of days from symp-
toms to admission

0 (0, 3) 2 (0, 5)  < 0.001
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0.40, 0.51; p < 0.001), even after adjusting for other vari-
ables. There was no significant difference between people 
in the poorest and poor districts. Patients with CAD (aOR: 
1.21; 95% CI:1.03–1.4; p = 0.02) had a higher risk of early 
death while there was no significant association between 
early death and diabetes mellitus (aOR: 0.89; 95% CI: 0.80, 
1.00; p = 0.05), hypertension (aOR: 0.87; 95% CI:0.77,0.98; 
p = 0.02), CKD (aOR: 1.0; 95% CI:0.83,1.19; p > 0.9), bron-
chial asthma (aOR: 0.83; 95% CI: 0.59,1.15; p = 0.3), cancer 
(aOR: 1.08; 95% CI: 0.66,1.74; p = 0.8), TB (aOR: 0.83; 
95% CI: 0.44,1.52; p = 0.6), or hypothyroidism (aOR: 0.81; 
95% CI: 0.6,1.08; p = 0.2).

In our additional analysis (Fig. 2), we found that within 
the private sector, there was no difference in the risk of early 
death between districts for different levels of poverty. How-
ever, within the government sector, we found a significantly 
higher risk for early death in government hospitals located 
in the poorest and poor districts when compared with the 
government hospitals located in richest districts.

4 � Discussion

This study used publicly available data to investigate predic-
tors of early death among the first 10,000 COVID-19 deaths 
in the Indian state of Tamil Nadu. We found that 4147 of 

the first 10,000 COVID-19 deaths (41.5%) occurred within 
3 days of hospitalization. Our research led to four key find-
ings. First, patients residing in districts with a low MPI score 
(the rich and richest districts) reported a significantly lower 

Table 3   The first 10,000 
COVID-19 deaths in Tamil 
Nadu, India, showing the 
predictors of early death

BA bronchial asthma, CAD coronary artery disease, CI confidence interval, CKD chronic kidney disease, 
MPI multidimensional poverty index, OR odds ratio, TB tuberculosis

Characteristic Unadjusted OR p-value Adjusted OR p-value

Sex
 Female – –
 Male 0.9 (0.83, 0.99) 0.03 0.82 (0.72, 0.93) 0.002

Age in years 1.00 (0.99, 1.00) 0.002 1.0 (1.00, 1.01) 0.7
Symptoms to admission (days) 0.92 (0.90, 0.93)  < 0.001 0.98 (0.96, 1.00) 0.04
Facility
 Government – –
 Private 0.40 (0.37, 0.44)  < 0.001 0.45 (0.40, 0.51)  < 0.001

MPI quartile
 Quartile 1/poorest – –
 Quartile 2/poor 0.87 (0.75, 1.01) 0.08 0.84 (0.69, 1.02) 0.08
 Quartile 3/rich 0.71 (0.62, 0.82)  < 0.001 0.76 (0.63, 0.92) 0.004
 Quartile 4/richest 0.65 (0.57, 0.74)  < 0.001 0.70 (0.59, 0.84)  < 0.001

Diabetes mellitus 0.83 (0.76, 0.90)  < 0.001 0.89 (0.80, 1.00) 0.05
Hypertension 0.85 (0.78, 0.90)  < 0.001 0.87 (0.77, 0.98) 0.02
CAD 1.04 (0.93, 1.16) 0.5 1.21 (1.03, 1.4) 0.02
CKD 1.06 (0.93, 1.2) 0.4 1.0 (0.83, 1.19)  > 0.9
BA 0.74 (0.57, 0.95) 0.02 0.83 (0.59, 1.15) 0.3
Cancer 0.81 (0.59, 1.12) 0.2 1.08 (0.66, 1.74) 0.8
TB 0.73 (0.47, 1.11) 0.2 0.83 (0.44, 1.52) 0.6
Hypothyroidism 0.82 (0.65, 1.02) 0.07 0.81 (0.6, 1.08) 0.2
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Fig. 2   The first 10,000 COVID-19 deaths in Tamil Nadu, India, 
showing predicted early deaths between government and private facil-
ities. MPI multidimensional poverty index
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risk for early death when compared with patients residing 
in the poorest districts. Second, private facilities reported a 
significantly lower risk for early death. Third, males had a 
significantly lower risk for early deaths, and finally, CAD 
was a significant predictor of early death.

Patients in the richest districts (quartile 4) had a 30% 
lower risk and patients in the rich districts (quartile 3) had a 
24% lower risk for early death when compared with patients 
in the poorest districts (quartile 1), even after adjusting for 
age, sex, comorbidities, and the time elapsed from the onset 
of symptoms to admission. This may be linked to the short-
age of health facilities available in the poorest districts of the 
state including human resources and intensive care facilities 
(ICU). This needs to be investigated further by examining 
differences in the availability of ICUs and specialist doc-
tors between districts. Our findings corroborate the findings 
reported by Lewnard et al. [18] who reported 0·7% to 2·8% 
increase in pandemic-associated mortality per one standard 
deviation increase in each measure of community disadvan-
tage in Chennai. Socioeconomic factors have been described 
as important determinants of COVID-19-related mortality in 
other countries. For example, a study by Hawkins et al. from 
the USA showed that counties with a lower socio-economic 
status (a higher Distressed Communities Index score) had 
higher COVID-19 death rates per 100,000 individuals when 
compared with non-distressed counties [19]. Similarly, the 
risk of dying from COVID-19 among confirmed cases in 
Columbia was higher in indigenous individuals and in those 
living in the very low socioeconomic strata [20]. However, 
very few studies investigated early deaths among hospital-
ized patients. Of these, a 2021 study by Gautam et al. from 
the Punjab state of India reported 15% patients dying within 
48 h of admission [21], while a retrospective cohort study 
from New York reported 36% of African American patients 
dying within the first 3 days of hospitalization [22].

In our present study, private facilities reported a signifi-
cantly lower risk for early death. Furthermore, the risk of 
early death was significantly higher in government facilities 
located in the richest districts even when compared with pri-
vate facilities located in the poorest districts. Moreover, we 
found significant differences in the risk of early death across 
government facilities located in districts with different lev-
els of poverty. These differences between the government 
and private sector persisted even after adjusting for age, the 
time elapsed from the onset of symptoms to admission, and 
comorbidities. These findings may indicate significant dif-
ferences in the availability of specialist care facilities within 
government institutions, at least in the initial phase of the 
pandemic. Districts that are in proximity to the state capital 
and districts which have a good presence of industries attract 
more government resources, including hospitals. This may 
explain the differences between government facilities across 
these districts. However, private sector hospitals may exhibit 

certain uniformity in the availability of facilities, including 
specialists and ICUs. This may explain the absence of differ-
ences between private facilities across districts at different 
levels of poverty. Alternatively, government facilities may 
have been overburdened due to the closure of most private 
clinics and hospitals; this may have compromised the care 
of most of the severe cases in government facilities, at least 
in the initial phase of the pandemic [23]. We do not have 
information relating to each patient’s intensive care admis-
sion status; this may have limited our analyses. However, we 
adjusted for most of the serious comorbidities which can be 
attributed to early deaths.

Next, we showed that males had a significantly lower risk 
for early deaths when compared with females, although more 
than 73% of the first 10,000 deaths were males. This find-
ing was similar to a previous analysis reported by Joe et al., 
who showed that although males shared a higher burden of 
death in India, the case fatality ratio for females was rela-
tively higher than for males [24]. In general, the COVID-
19-related mortality is higher among males, as shown by 
a previous meta-analysis [25], and is considered to reflect 
a general sex-disparity in terms of excess mortality [26]. 
However, other studies have demonstrated heterogeneity in 
sex disparities relating to COVID mortality; for example, in 
their analysis of a longitudinal dataset of sex-disaggregated 
COVID-19 data in the USA, Danielsen et al. showed that 
sex-disparities in COVID mortality varied in both magnitude 
and direction across states and over time [27]. Similarly, a 
study from Ethiopia, which investigated data from June 2020 
to October 2021, showed that early deaths (within 3 days of 
hospitalization) were relatively higher among females when 
compared with males although the total number of deaths 
was higher for males [17].

Finally, our analysis showed that CAD was a significant 
risk factor for early death, as reported previously in a study 
from Ethiopia which specifically investigated risk factors for 
early death [17]. In general, systematic reviews, meta-anal-
yses and large cohort studies have demonstrated significant 
associations between CAD and COVID mortality, including 
early studies from Pakistan and China [28–32]. Similar to 
the Ethiopian study, we did not identify a significant asso-
ciation between early death and diabetes mellitus, hyper-
tension, cancer, or CKD. However, a previous systematic 
review has reported higher COVID mortality with diabetes 
and hypertension [30]. In contrast to the Ethiopian study, 
we did not find a significant effect for bronchial asthma in 
early deaths [17].

4.1 � Strengths and Limitations

We used a relatively large volume of data pertaining to 
10,000 COVID-19 deaths across various districts and 
health facilities in the Tamil Nadu state. This is the first 
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study to report factors associated with early and non-early 
deaths from India. Very few studies have investigated 
early deaths on a global basis. Our study adjusted for the 
time from symptom onset to admission; this was not per-
formed in previous studies. However, our study is based on 
reported administrative data and therefore has several limi-
tations linked to the nature of the data. Our data included 
only deaths and not all COVID-19 cases, thus limiting our 
analysis. Furthermore, the data for the time from symptom 
onset to admission was missing for 39% of the patients. 
Moreover, as a general limitation of our secondary data, 
we were unable to include several important variables such 
as ICU admission status in our analysis; this may have 
affected the generalizability of our findings.

5 � Conclusion

Using data relating to the first 10,000 covid deaths from an 
Indian state, we found that even after adjusting for comor-
bidities, age, and the time of symptom onset to hospitali-
zation, the risk for early deaths was higher in government 
hospitals especially in the poorest districts in the early 
phase of the pandemic, thus indicating a lack of infra-
structure in government facilities or the overburdening of 
government facilities. Thus, the government should invest 
more healthcare resources in districts that are economi-
cally poorer, which are, in most cases, distant from the 
state capital. As the pandemic is ongoing and new strains 
are appearing, and also considering the threat of the emer-
gence of new pathogens, governments should continuously 
take stock of existing infrastructure in public facilities. 
More studies on the risk factors associated with early 
death need to be conducted to obtain information related 
to the changing trends in the predictors of early death. 
Cohort studies on the risk factors for early death should be 
undertaken in other parts of India to inform efforts needed 
to enhance mitigation as well as to develop health policies.
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