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Abstract

Excess deaths, defined as the difference between the total number of observed deaths and expected
deaths (expected if pre-pandemic all-cause mortality trends continued), can offer a glimpse into the
true impact of the COVID-19 pandemic. Based on 2021 death registration data, which India released
in May 2025, we estimated that excess deaths in India in 2021 were 7.2 times greater than the reported
number of COVID-19-related deaths (2.3 million excess deaths vs. 335,000 reported COVID deaths),
and wide state-level variation in reporting fidelity. Without this observed death data, some
epidemiological models estimated excess-to-reported COVID-19 deaths ratios, ranging from 4.4 to
11.9, during and shortly after the pandemic. The estimates from released data falls on the lower side
of this range. Limited disaggregated data show that excess deaths per capita were significantly higher
in men than women (2.2 vs. 1.3 per 1,000) and urban than rural areas (2.3 vs. 1.4 per 1,000). India's
vital registration systems require modernization through automation and digitization through
protocol standardization, real-time healthcare linkage, reporting incentives, and rural infrastructure
investment. Robust mortality tracking enables rapid resource allocation to populations and
conditions with the greatest need, providing lessons for pandemic preparedness that extend beyond
COVID-19 to all public health challenges.
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Introduction

The Indian Ministry of Home Affairs (MHA) released national civil registration system (CRS)
data on births and deaths for 2021 in May 2025.[1] The report documents 10.2 million registered
deaths in 2021, a 26% relative increase from 2020, when there were 8.1 million registered deaths.[2]
India reported a 6% relative increase in deaths from 2019 to 2020 (Figure 1A).[1] The 2.1 million
increase in registered deaths from 2020 to 2021 is ~6.3 times the reported 335,000 COVID deaths in
2021.[3] This is on the lower end of the range of estimated excess-to-COVID death ratios (EDRs)
previously quoted for India: a meta-analysis by Zimmermann et al. reported between 4.4-11.9,[4]
while the Institute for Health Metrics and Evaluation (IHME) estimate was 8.3,[5] and the World
Health Organization (WHO) estimate was 9.8.[6] These estimated ratios were calculated during and
shortly after the pandemic.
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Figure 1. Panel A: Increase in deaths reported by the Civil Registration System over successive years in India
from 2013 to 2021. The green bars represent the absolute difference in reported deaths in that year from the
previous year. The orange numbers above the bars represent the percentage increase in deaths from the previous
year. Data comes from Statement 8 of the 2021 Civil Registration System report.! Panel B: Ratio of excess deaths
to COVID-19 reported deaths in India in 2021. We present this ratio nationwide and by state/union territory
(restricting to those with more than 500 registered deaths in 2021). Excess deaths were estimated by applying
the 2019 pre-pandemic death rate (CRS reported deaths / Census estimated 2019 population) to the Census
estimated 2021 populations. The black horizontal line at 1.0 represents equal excess and COVID-19 deaths. The
orange horizontal line represents the national excess-to-COVID ratio, 7.2. Note that the y-axis is truncated at 10.

Variation in the Magnitude of Reporting Fidelity Across States

Excess death is a metric defined as the difference between observed deaths (as in the CRS report)
and deaths that would have been expected if pre-pandemic mortality trends had continued. To
calculate a simple estimate of expected deaths in 2021, we multiplied the 2021 population projection
in India[7] by the pre-pandemic reported death rates in 2019.[1] Our estimate suggests India faced
2.3 million excess deaths in 2021 (Table 1) — a staggering figure implying an EDR of 7.2x — exposing
the inadequacy of real-time surveillance systems when they're needed most. State-level EDRs
revealed dramatic variations in reporting fidelity: Gujarat had ~251,000 excess deaths while reporting
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only 5,800 COVID deaths, a ratio of 43 (Figure 1B). Madhya Pradesh, Uttar Pradesh, Andhra Pradesh,
and Bihar also demonstrated EDRs exceeding 20. Only six states had ratios below 2, including large
states like Kerala and Telangana. Such extreme discrepancies indicate weaknesses of real-time
surveillance and rapid death registration across multiple jurisdictions.

Table 1. Reported deaths, population projections, crude death rates, estimated expected deaths, and estimated
total and per capita excess deaths in India nationwide and by sex and location. (in millions unless otherwise

specified).
D: Estimated
C: Crude death Expected E: Estimated Excess deaths in

A: Reported  B: Population rate (per 1,000) deaths 2021

deaths projections (A/B) (C2019 * B2021) (Az2021 — D) (E * 1,000 / B2021)

2019 2021 2019 2021 2019 2021 2021 Total Per 1,000
Nationwid
e 76 102 13187 1,361.3 5.79 7.51 7.9 2.3 1.7
Sex
Males 4.6 6.2 677.6 699.0 6.72 8.90 47 1.5 2.2
Females 3.1 4.0 648.2 662.4 477 6.05 3.2 0.8 1.3
Location
Urban 3.2 4.4 451.2 469.9 7.00 9.32 3.3 1.1 2.3
Rural 4.5 5.8 867.5 891.4 5.17 6.55 4.6 1.2 14

Notes: A: Nationwide, sex, and location reported death data come from the 2019 [22] and 2021 [1] Civil
Registration System reports. B: Nationwide, sex, and location population projections come from the National
Population Commission 2019 report [7]. C: The crude death rate is estimated by dividing the reported deaths by
the population projection in that year. D: Expected deaths are estimated by applying the 2019 crude death rate
to the 2021 population projection. E: Excess deaths are the difference between reported and expected deaths. Per

1,000 figure is the estimated excess deaths divided by the 2021 population projection times 1,000.

India’s Distinctive Demographic Patterns in COVID Mortality

Early studies during the pandemic in 2020 demonstrated disproportionate mortality impacts
among younger populations, men, and marginalized communities in India.[8,9] Unlike in Western
countries, where COVID-19 mortality was concentrated among the elderly, approximately 56% of
COVID-19 deaths in India in 2021 were estimated to have occurred among those under 65.[10] Note
that 93% of the 2021 Indian population was under 65.[7]

Using 2021 CRS report data, disaggregated by sex and residential location (rural/urban), coupled
with stratified population projections and mortality rates from external sources, we calculated
stratified crude and excess death rates (Table 1). As a proportion of total excess deaths, 65% occurred
in males versus females, and 53% in rural versus urban areas. However, when normalized by the
population size, the rate of excess deaths (per 1,000) was higher in males (2.2) compared to females
(1.3), and higher in urban (2.3) areas versus rural areas (1.4).

Table 5 from the 2021 CRS report includes incomplete subnational age-stratified data, rendering
estimation of age-stratified excess deaths impossible using official sources. However, based on the
incomplete age-stratified CRS data that was available, 42% of total reported deaths in 2021 happened
among people under 65.

The disconnect between real-time reporting of COVID deaths and the released vital statistics
report on the total number of deaths in 2021 poses three major questions:

1. How accurate were epidemiological models in capturing this underreporting in the absence

of observed death data as the pandemic was ongoing in 2021?
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2. What proportion of excess deaths in India in 2021 can realistically be attributed to causes
other than COVID-19?

3. How can one improve the capture of all-cause and cause-specific mortality data in a country
of 1.4 billion people, where (based on 2021 estimates) 61% live in rural areas” and 47% of

deaths happen outside a healthcare facility?[1]

1. Epidemiological Models Versus Real-Time Death Reporting

India’s surveillance mechanisms captured only a fraction of COVID-related fatalities, while
some epidemiological modeling approaches provided more realistic real-time estimates.
Zimmermann and colleagues’ meta-analysis reported EDRs ranging from 4.4 to 11.9 in India,
projecting 1.7-4.9 million COVID deaths by June 2021, when reported numbers stood at 412,000.[11]
IHME estimated 4.07 million excess deaths in India for 2020-2021, the highest absolute excess
mortality worldwide, corresponding with an EDR of 8.3.[5] WHO estimated 4.7 million excess deaths
in 2020 and 2021 compared to 481,000 reported COVID deaths - an EDR of 9.8.[6]

Independent research from twelve states reported a 28% mortality increase during April 2020-
May 2021, projecting 3.8 million excess deaths.[12] EDR estimates share one thing in common: that
the total death toll was much higher than the reported COVID deaths.

High EDR is a worldwide phenomenon - it is not unique to India. WHO estimated 14.8 million
global excess deaths for 2020-2021 compared to reported 5.4 million COVID-related deaths - a ratio
of 2.7:1.6

2. COVID-19’s Contribution to Excess Mortality

Excess deaths measure the overall death toll during the pandemic. They can be decomposed
primarily into four buckets: reported COVID-19 deaths, unreported/missed COVID-19 deaths,
pandemic-related non-COVID-19 deaths, and delayed impact of COVID-19.[13] Globally, COVID-19
is overwhelmingly responsible for pandemic-era excess deaths. WHO excess death analyses found
that countries with low levels of COVID-19 transmission also reported low levels of excess deaths,
suggesting that a high proportion of excess deaths are possibly attributed to COVID-19.[6] A US-
based report quantified this proportion, concluding that roughly 66% of excess deaths were
attributable to COVID-19.[14] Moreover, synchronous peaks in COVID-19 deaths and excess deaths
suggest substantial underreporting and misclassification in COVID-related deaths.[15] This evidence
indicates that India’s 2.3 million excess deaths in 2021 (or the 2.1 million reported in the Indian
media,[16] the difference between 2020 and 2021 total deaths) largely reflect unrecognized COVID-
19-related mortality.

Can it be due to an increase in death registration rates in 2021? India’s Sample Registration
System (SRS), a curated probability sample,[17] has consistently found nearly 75-80% capture of
registered deaths in India by the CRS in pre-pandemic years.[18,19] There is no reason to believe
there has been a dramatic increase in death reporting during 2021 that can explain away the excess
deaths or attribute them to an increase in death registration rates. On the contrary, a survey sampling
study suggested that almost 30% of deaths in India in 2019-2021 were not captured by the civil
registration system,[20] meaning COVID’s true impact in India may exceed what the 2021 CRS report
implies.

3. Lessons Learned and Recommendations for Rapid Death Registration

India must reimagine and restructure its death registration system to be consistent and agile
across states and union territories, while ensuring broad compliance with the Registration of Births
and Deaths Act, 1969.[21] It needs to enhance infrastructure in rural areas and incentivize nimble
capture of cause-specific mortality. The 2021 CRS report notes that 47.3% of deceased did not receive
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any medical attention at the time of death, which in part explains inadequate cause-of-death
documentation.[1] This figure was 45.0% in 2020,[2] compared to 34.5% and 35.7% in 2019[22] and
2018,[23] suggesting a pandemic-related increase in 2020 and 2021, possibly due to an overwhelmed
healthcare system. The WHO civil registration strategic plan calls for continuous, universal, and
timely recording of vital events, achieved through data transmission from local to central processing
centers, enabling rapid crisis response.[24] This effort can leverage initiatives like the Ayushman
Bharat Digital Mission[25] to enable nationwide morbidity and mortality data collection.

Based on these findings, we propose the following recommendations to strengthen India’s
health and mortality surveillance:

1. Real-time digitization of vital statistics with automated reporting/registration

2. Standardized protocols for death certification across all jurisdictions

3. Integrated health information systems linking hospital records with the civil registration
system

4. Enhanced rural infrastructure investment and personnel training, equipping community
health workers with digital mortality and morbidity data

5. Robust excess mortality surveillance systems for future crisis preparedness

Conclusions

We commend India for releasing these civil registration data and acknowledging the system's
challenges. This data transparency is necessary for population health research. Nonetheless, four
years passed before the 2021 mortality data were released — a significant delay, a six-fold undercount,
and minimal disaggregated data, highlighting the need for a substantial overhaul of the vital statistics
system.

Crowd-sourced and innovative approaches for estimating excess deaths, like satellite imagery
analysis of crematorium light intensity and tracking obituary rates compared to historical baselines
in response to areas in northern India heavily affected during April to June 2021,[26,27] were
commendable efforts to fill critical data gaps in real-time. However, they remain inherently limited
in scalability and reliability for systematic mortality surveillance. Such methods cannot substitute for
the comprehensive national-level overhaul of vital statistics systems that India urgently needs.

India's experience offers valuable lessons for other nations, emphasizing the urgent need to
release post-pandemic mortality data to track the aftermath and modernize death registration
systems for real-time responses. A robust and rapid mortality surveillance system is not just needed
during a pandemic. Knowing the leading causes of death in their jurisdiction can empower decision-
makers to allocate resources to populations and disease conditions needing the greatest attention to
optimize community health. Technical improvements, data transparency, and evidence-based policy
commitments can build a stronger, more equitable, and resilient India.
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