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Abstract 

 

The study investigates into the explanatory factors for the variation in COVID-19 

infections and deaths reported in Indian states as on March 31, 2021. The analysis 

considered the following state-wise data: proportion of people living in cities with 

population density higher than 5,000 persons per sq. km, per capita public health 

expenditure, health infrastructure per thousand population, per capita NSDP, and 

proportion of aged (above 60) people. As regards COVID-19 infections, the 

proportion of people living in densely populated areas (above 5,000 persons per sq. 

km), per capita NSDP and proportion of aged people explained the variation across 

states. As regards the deaths due to COVID-19, in addition to these three factors, 

per capita public health infrastructure was found to be a contributing factor, with 

its impact on death being negative. The curious situation of income increasing 

COVID-19 transmission and death could be probably explained by the considerable 

proportion of the people in some of the high-income states living in congested slums 

under extreme poverty with poor access to basic infrastructure, and the high 

mobility and exposure of some of these states to domestic and international travel 

footprint and large migrant population, all resulting in increased risk.  
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While the COVID-19 Pandemic has taken a heavy toll on the world economy and 

public health, what has caught the real attention of the epidemiologists and 

researchers is the vast variation in the incidence of the diseases and more 

importantly, the dramatic variation in the deaths associated with the disease for the 

same size of the population. What has surprised most is the phenomenon that is 

taking a heavy toll on the life of people in the developed countries such as the US, 

UK, France, Germany, Spain and Italy, which are generally known for effective 
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governance, robust public health system, high literacy and good public awareness 

about the diseases. Not only were the incidence of COVID-19 (per thousand people) 

high, but the number of reported deaths per million population were also high in 

these countries.  

Since the pandemic started in December 2019, several studies have been 

undertaken worldwide to identify the factors that led to spread of the COVID-19 

infections and mortality in different countries and regions. Most of such studies 

either used statistical (regression) analysis or machine learning tools to predict the 

dynamics of the spread of COVID infections and mortality rates. The main factors 

that were explored include demographic indicators (population density, aging 

population, per capita income, etc.), environmental variables (temperature, 

humidity, UV radiations, etc.), and healthcare and infrastructure facilities. 

In this article, we investigate into the various factors that explain the 

variation in the incidence of COVID-19 infections and deaths associated with the 

disease across Indian states and seek to find scientific explanation for the same, 

using the knowledge available in the field from scientific research. An extensive 

review of the research studies done internationally (including that in India) on 

COVID-19 infections and death was done to identify the most dominant demographic, 

socio-economic and public health infrastructure related factors that were found by 

these studies to be the influencing factors and were used to inform the current study 

vis-à-vis selection of variables for the analysis.  

 

Review of International Research on COVID-19 Transmission 

 

Irrespective of the regions, many studies found population density as the major 

socio-economic factor influencing the spread of COVID-19 infections. In the US, 

states with high population density and testing exhibited consistently high infections 

and deaths (Roy and Ghosh, 2020). Further, the spread was higher in the vulnerable 

groups that include African Americans, Hispanic-Latina, and older adults (Wong and 

Lee, 2020; Jin et al., 2021). In Algeria of north Africa, a strong correlation was 

established between the population density and the number of COVID-19 infections, 

i.e., the spread of the infections was higher in cities with high population density 

(Kadi and Khelfaoui, 2020). Further, in the city of São Paulo, epicentre of COVID-19 

in Brazil, cumulative confirmed cases were found to be positively correlated with 

population density, and negatively correlated with isolation rate, indicating that the 

physical distancing has been effective in reducing the viral transmission (Nakada and 

Urban, 2020). However, in the European Union, irrespective of the population 

density, countries with higher proportion of the population living in urban areas 

experienced higher peak of COVID-19 deaths (Jablonska et al., 2021). 

Some research studies also looked at the role of environmental variables in 

the spread of COVID-19 infections. Based on the data of 188 countries, air pollution 

(% CO2 in the air) along with the population density was found to be main factor 

driving the increased viral spread. Further, the temperature or air pressure in these 
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countries did not have the same effects as pollution or population (Aabed and Lashin, 

2021). In Brazil, an inverse relationship was observed between the COVID-19 

confirmed cases and temperature and also with the UV radiation, suggesting that 

the sunlight might be effective in reducing the infectivity of the virus (Nakada and 

Urban, 2020).  

Another set of analysis using global data set found that regions with low and 

high annual average temperature, both favour the transmission and incidence of the 

disease with different intensities (Magd et al., 2020). Nevertheless, in China, UK, 

Germany and Japan, the spread and decay stages of the COVID-19 pandemic were 

directly correlated with absolute humidity, temperature, and population density 

(Diao et al., 2021). Velasco et al. (2021) found that the temperature of 14.5°C is in 

the favourable range for the growth of the virus. In Russia, the seasonality of climate 

also had an impact on the COVID-19 transmission and infection. In the humid 

continental region, seasonal variation in temperature, which is the difference 

between the annual maximum and annual minimum temperature was the primary 

influencing variable for the COVID-19 transmission, with increased difference 

resulting in greater transmission of the virus. In the sub-artic region, the mean 

temperature diurnal range, which is the difference between average daily maximum 

and average daily minimum temperature was the primary influencing factor. Higher 

difference resulted in higher transmission of the disease (Pramanik et al., 2020). 

Thus, unlike population density, environmental factors had varying impacts in 

different climatic zones. 

Some studies also found that the hardest hit countries either had an aging 

population (Gardner et al., 2020; Upadhyaya et al., 2020) or underdeveloped 

healthcare systems (Tanne et al., 2020). The importance of healthcare 

infrastructure was obvious in Thailand where large scale infections were controlled 

by combination of a good healthcare system and regulation on the tourism activities 

(Tantrakarnapa et al., 2020). Further, the per capita income had a negative and 

statistically significant effect on COVID-19 death rate globally (Upadhyaya et al., 

2020). For instance, in Mexico, high poverty and income inequality aggravated the 

spread of the pandemic (Benita and Gasca-Sanchez, 2020). In the European Union, 

lower reduction in mobility at the beginning of the pandemic and countries having 

more infected people when closing borders (lockdown) experienced higher mortality 

rate (Jablonska et al., 2021). High mobility (either through air or road) was also 

identified as one of the factors leading to spread of COVID-19 infections in the US 

(Roy and Ghosh, 2020) and Brazil (Nakada and Urban, 2021).  

A recent study in the UK carried out by the London School of Hygiene and 

Tropical Medicine after the second wave found higher risks for testing positive and 

subsequent poor outcomes amongst minority ethnic groups. When compared with 

wave 1, the relative risk for testing positive, hospitalisation, ICU admission, and 

death were smaller in pandemic wave 2 for all minority ethnic communities 

compared to white people, with the exception of South Asian groups. South Asian 

groups remained at higher risk for testing positive, with relative risks for 
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hospitalisation, ICU admission, and death, which were greater in magnitude 

compared to the first wave. Despite the improvements seen in most minority ethnic 

groups in the second wave compared to the first, the disparity widened among South 

Asian groups (Mathur et al., 2021). 

After accounting for age and sex, social deprivation was the biggest potential 

explanatory variable for disparities in all minority ethnic groups except South Asian. 

In South Asian groups, health factors (e.g., body mass index, blood pressure, 

underlying health conditions) played the biggest role in explaining excess risks for 

all outcomes. Household size was an important explanatory variable for the 

differences in COVID-19 mortality in South Asian groups. 

Thus, studies globally suggest the influence of the following factors on the 

spread of COVID-19 infections and COVID-19 related deaths, viz., demography, 

climate, economy, social diversity, mobility, and health infrastructure. However, 

the factors identified and their natures of influence were different for different 

countries. 

 

Studies on COVID-19 Transmission in India 

 

During the first wave, India had one of the largest numbers of COVID-19 infections 

(15 million), which is a little more than 1% of the population. The number of COVID-

19 deaths stood at 1,50,000 people, which is nearly 1% of the total reported cases. 

Even among the 20 worst affected countries in terms of the number of reported 

cases as on 16th May 2021 when the second lethal wave was ongoing in India, it had 

the second lowest number of confirmed cumulative cases per million population 

(Figure 1). Though as a proportion of the total population, these numbers are still 

very small, the sharp variation in the reported cases of COVID-19 infection and 

deaths across Indian states had created an equal amount of curiosity among 

researchers working in the field from the country. Several theories were postulated 

by medical professionals and public intellectuals over the past few months on the 

factors that could probably explain the sharp variation in the COVID-19 cases and 

COVID-19 deaths between developed and developing countries and between regions 

within India. In both the cases, one frequent explanation that was provided was in 

the high discrepancy in reporting of cases and deaths. It was argued that the 

reporting system is very accurate in the developed countries, and not good in 

developing countries like India. 
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Figure 1: Confirmed cumulative cases of COVID-19 in the 20 most- affected countries as of 16 May 

2021 

 

 

 

 

 

 

 

 

 

 

 

(Source: Authors’ own analysis based on data accessed from the world-o-meter) 

 

A recent paper by Balakrishnan and Namboothiri (2021) examined the factors 

responsible for the variation in COVID-19 cases in India, by considering the Case 

Fatality Ratio (CFR), using multivariate analysis. They revised the CFR estimates 

available from the state health departments and ran regressions considering the 

following factors: 1) population density; 2) the public health expenditure as a share 

of the state Gross Domestic Product (GDP); 3) public health infrastructure; and 4) 

per capita income. They concluded that the case fatality ratio is inversely 

proportional to the proportion of the government expenditure on health. The 

population density was also considered as one of the social determinants influencing 

the spread of COVID-19 pandemic in India in the studies by Arif and Sengupta (2020) 

and Pandey et al. (2021). 

The analysis by Balakrishnan and Namboothiri (2021), however, suffered from 

the following problems on the conceptual and practical fronts. First of all, they have 

treated ‘health expenditure (HE) as a share of the GDP’ as a variable to represent 

the public health expenditure by state governments. This is conceptually and 

theoretically incorrect. It is not the proportion of the GDP spent on public health 

which matters, but the actual health expenditure per capita (Rs/capita) incurred by 

the state, the reason being that there is wide variation in the GDP across states and 

even the per capita GDP. Therefore, it is quite possible for a state with very high 

per capita Net State Domestic Product (NSDP) spending a small fraction of its GDP 

for health, but the actual expenditure could be quite sizable.  

Secondly, there are other major factors which probably could be driving the 

COVID-19 cases and CFR, an important one being the number of poor people (and 

NOT per capita income). Again, it is not the average population density per se (also 

included in the analysis by Arif and Sengupta, 2020 and Pandey et al., 2021)., but 

the proportion of the population living in very densely populated areas (like densely 

populated cities) that really matters. For instance, in Mumbai, the population 

density is above 35,000 persons per sq. km, and in its slums, it can be anywhere near 

200,000 per sq. km. At the same time, the population density of major states 

(excluding the city state of Delhi) varies from 218 (for Chhattisgarh) to 1,122 (for 

West Bengal) people per sq. km, which does not matter when it comes to 
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transmission of a disease like COVID-19. But it does matter when it crosses a certain 

threshold, say 5 to 10,000 persons per sq. km. What is most important is even in less 

densely populated states, there are cities that have very high population density. 

Another factor could be the proportion of people living below poverty and without 

basic amenities like in slums. Once these factors are considered, the results would 

be different. 

Another important issue is the relevance of case fatality ratio (CFR). Case 

fatality ratio refers to number of deaths per 100 reported cases of infection. That 

being so, the actual number of reported cases of infection per 1,000 population 

varies drastically amongst the states. Therefore, the use of this indicator (CFR) 

would hide the gravity of the problem in situations where the case load is very high 

(like in Kerala where CFR is only 0.40) and exaggerate the situation in states like 

Punjab where the CFR is very high (3.2). But the deaths per 1,000 people in Kerala 

is 0.12, against 0.19 in Punjab, indicating a minor difference. In that case, what 

really needs to be considered is the number of deaths per 1,000 of total population. 

So, the studies that try to identify the determinants of virus transmission need to 

look at the rate of infection and deaths in relation to the total population.   

 

Data and Approach for the Study 

 

For undertaking the analysis, we collected the data on COVID-19 cases in Indian 

states, from 2020 when the first case was reported, till early March 2021. Before 

proceeding with the analysis, we assumed that the data are reliable and accurate 

enough to show the variation in cases across the states. This assumption doesn’t 

mean that the statistics are correct. It only means that even if there are significant 

reporting errors or manipulations, that applies to all states more or less uniformly. 

However, we discarded the data for the state of Bihar, as a close examination of the 

data during the analysis stage revealed them to be an ‘outlier’, probably due to 

serious problems with reporting of cases from that state.  

State level data used for various analysis are as follows: 1) population; 2) 

COVID-19 infections and COVID-19 deaths; 3) Net State Domestic Product (NSDP), 4) 

average human development index (HDI), 5) proportion of people living in poverty; 

6) public health expenditure for nine consecutive years; 7) public and private health 

infrastructure (no. of hospital beds); 8) number of persons living in cities with 

population density exceeding 5,000 per sq. km; and 9) total population above the 

age of 60. From these, the values of following variables were derived: 1) no. of 

COVID-19 infections per 1000 people; 2) number of COVID-19 deaths per 1,000 

people; 3) CFR; 4) per capita NSDP; 5) proportion of people living in areas with 

population density higher than 5000 per sq. km; 6) proportion of people above the 

age of 60; 7) average annual per capita public health expenditure; and, 8) health 

infrastructure per 1000 people. All the variables are described in Table 1 and their 

estimated values are presented in Table 2.  
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Table 1: Description of study variables 

S. 

No. 

Variable Description 

1 Number of COVID-19 infections 

per 1000 people 

Ratio of the total number of reported cases of COVID-

19 and the total population in 000’ of the respective 

state 

 

2 Number of COVID-19 deaths per 

1,000 people 

Ratio of the total number of reported cases of COVID-

19 related deaths and the total population in 000’ of 

the respective state 

 

3 Case Fatality Ratio (CFR) Ratio of the total number of COVID-19 related deaths 

and the total number of COVID-19 reported cases in 

00’ in the respective state  

 

4 Per capita Net State Domestic 

Product (NSDP) 

Adjusted (to constant prices) NSDP divided by the 

total population of the respective state  

 

5 Proportion of people living in 

areas with population density 

higher than 5000 per sq. km 

Ratio of the total number of people residing in areas 

(cities/towns) having a population density higher than 

5000 per sq. km and the total population of the 

respective state  

 

6 Proportion of people above the 

age of 60 

Ratio of the total number of people above the age of 

60 and the total population of the respective state 

7 Average annual per capita public 

health expenditure 

Ratio of the average (of nine years) annual health 

expenditure and the total population of the 

respective state  

 

8 Health infrastructure per 1000 

people 

Total number of beds in public and private hospitals 

divided by population in 000’ of the respective state 
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The variables described in Table 1 were used for developing two multivariate 

regression models to explain the variation in COVID-19 infections (Model 1) and 

COVID-19 related deaths (Model 2) across different Indian states. All the chosen 

independent variables for running the multivariate regression analysis were mutually 

exclusive. Overall, three independent variables were chosen to explain the variation 

in COVID-19 infections and five were chosen to explain variation in COVID-19 related 

deaths across different Indian states. The analysis is presented in the subsequent 

sections. 

 

What Explains the Variation in COVID-19 Infections Across Indian States? 

 

Following were the hypothesis to begin with. As public health research has shown 

population density would have significant influence on spread of an infection like 

COVID-19. However, as our review has shown, the population density figures 

considered by earlier researchers were at the state level or at the regional level. 

Given the fact that such variations are often not remarkable, and that the cases of 

COVID-19 were mostly reported from cities during the first wave in India, considering 

the population density of the entire state does not make much sense. Instead, what 

mattered was what proportion of the people in each state live in heavily populated 

areas. Hence, the proportion of the state population which live in cities with 

population density more than 5,000 persons per sq. km was considered. 

Another parameter considered was per capita income (the per capita net 

state domestic product). While it was found that the highly developed countries 

were worse off during the first and second wave of pandemic, studies in the United 

States had shown that the spread of the virus was higher in the vulnerable groups 

that include African Americans and Hispanic-Latina (Wong and Lee, 2020; Jin et al., 

2021). 

The value of per capita NSDP (at constant prices) for the selected states of 

India ranged from a lowest of Rs. 43,870 for Uttar Pradesh to a highest of Rs. 

3,37,745 for Goa, which is the richest state in India in terms of per capita income. 

Delhi stood second with a per capita NSDP of Rs. 2,69,505. 

The third parameter considered was proportion of people above the age of 

60, because studies have shown that the old age people would be more susceptible 

to the disease, as countries having aging population were badly hit (source: based 

on Gardner et al., 2020; Upadhyaya et al., 2020). This is also one of the parameters 

used by Balakrishnan and Namboodiri (2021) in their analysis of variations in COVID-

19 cases.  

The estimates of COVID-19 infections ranged from a lowest of 2.5 persons per 

1000 population for Uttar Pradesh to 34.7 people per 1,000 population for Goa. The 

second highest reported COVID-19 cases was for Delhi, with 34.2 persons per 1,000 

population. Kerala had the third highest reported cases with 29.8 persons per 

thousand.  
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Analysis with number of COVID-19 infection cases per 1,000 people as a 

dependent variable, against these three independent variables showed an R2 value 

of 0.643. All the three parameters had a very high level of significance (see Table 3) 

in explaining the variation in COVID-19 cases across states to an extent of 64%. The 

regression equation is:  

COVID-19 cases per 1000 people = - 7.42 + (0.000062 * Per capita NSDP in INR 

constant price) + (12.45 * Proportion of population living in densely populated area) 

+ (128.49 * Fraction of population above the age of 60) 

As per the model, states with high proportion of people living in very densely 

populated areas (like Mumbai, Delhi, Ahmedabad, Kolkata, Chennai) and higher 

fraction of people in the old age category (above 60 years) would have higher cases 

of infections. In a broad sense, these findings corroborate with findings of studies 

available from other countries that were reviewed in this article about the effect of 

population density and aging population on Covid-19 infections. For instance, the 

first trend is in line with Jablonska et al. (2021) and the second trend corroborates 

with the findings of Upadhyaya et al. (2020) and Gardner et al. (2020). 

But the study clearly shows that the average population density at the 

aggregate level does not mean much when it comes to explaining the inter-state 

differences. Though the R2 value slightly improved (to 0.64) when the multivariate 

analysis was carried out with (state) average population density (along with the 

other two variables) against Covid-19 infection rates, the same dropped to a mere 

0.51 when data for ‘Delhi’, which is an outlieri, was removed from the sample. More 

importantly, the ‘p value’ for ‘population density’ increased drastically (to 82%), 

indicating that the variable is not significant at all. But the original model was run 

by excluding ‘Delhi’, the R2 value remained almost the same (0.62), with the 

significance of each variable improving. The effect of population density becomes 

imperative when the density exceeds a certain threshold and therefore what matters 

is what proportion of the population live in such densely populated areas. In this 

case, the proportion of people living in areas with population density higher than 

5,000 persons per sq. km was found it to be a useful criterion.  

Interestingly, higher average per capita income increased the incidence of 

COVID-19 infections. However, it should also be pointed out that the gradient is not 

steep. For income to have a real effect on the disease, the rise required is quite 

high, as the value of the beta coefficient is 0.000018. If the average per capita 

income increases by one lac rupees, there is chance that COVID-19 cases would 

increase by around 1.8 per 1,000 people.  

A plausible explanation for this trend (contrary to what was found in other 

countries) could be that the average per capita income considered is of a state, and 

not of the pockets that are badly hit by the infection. That said, some of the states 

having high average per capita income are also states that are high exposure to 

international and domestic passenger footprint by virtue of having international 

airports (like Delhi, Kerala, Maharashtra and Goa), and heavy influx of migrants. This 

increases the infection risk. On the other hand, in some of these states (Delhi and 
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Maharashtra), a very high proportion of the people live in slums with much greater 

congestion, without basic facilities of proper water supply and sanitation. This 

further increases the risk of infection. It should be invoked that in Mumbai, it is the 

slums inhabited with millions of people that was badly affected, and the average 

income figures for the state (in this case, Maharashtra) does not reflect the 

socioeconomic conditions of these poor localities where most of the people are very 

poor.   

 

Table 3: Result of multivariate regression analysis with COVID-19 cases per 1000 people as dependent 
variable and per capita  NSDP, proportion of population living in densely populated areas, and fraction of 

population above the age of 60 as independent variables 

Predictor Coefficients Standard Error t Statistics 

Constant  
 

-7.42 4.34 -1.71 

Per capita NSDP (INR constant prices) 
 

0.000062** 0.000019 3.30 

Proportion of population living in densely 
populated areas (above 5000 per sq. km) 
 

12.45* 6.32 1.97 

Fraction of population above the age of 60 128.49* 62.79 2.05 

R-squared 0.643   
Number of observations 29   

Note: * and ** indicates significance at 90% and 99% level, respectively 
 

The factors that we have not considered in the analysis are the environmental conditions. 

There is surely a lot of variation in the climatic conditions across the country, strong enough 

to cause variations in the potency of the virus to spread, if we go by the studies done in 

Russia and other cold countries. Coastal Maharashtra, especially Mumbai is very hot and 

humid. So is the coastal areas and midland areas of Kerala, Chennai, the plains of West 

Bengal and coastal areas of Odisha. Gujarat, Karnataka, Tamil Nadu, Rajasthan, Punjab, 

Haryana, Andhra Pradesh and Telangana are mostly in the hot tropics. Uttar Pradesh and 

Bihar lie in sub-tropical, temperate zone. The north eastern states have cold and humid 

climate. However, the effect of these climatic variations is not captured in the model owing 

to inadequate information on the way they could affect infection from the virus. 

 

What Explains the Variation in COVID-19 Deaths? 

 

A survey by the Office for National Statistics (ONS) in the United Kingdom found in their 

survey that the backward areas of England and Wales, with high Index of Multiple 

Deprivation, had the highest mortality rates during the initial days of the pandemic. The 

index takes into account factors such as an area’s income, employment, crime and health 

deprivation and disability. The ONS study, which included 20,283 deaths involving COVID-19 

in England, found the mortality rate in the most deprived areas to be 55.1 deaths per 

100,000 population, against 25.3 deaths in the least deprived areas (BBC, 2020).  

Different indicators were used by different states at different points of time to 

justify the actions taken to control COVID-19. For instance, one of the arguments made by 

the government of Kerala, while the state witnessed high incidence of COVID-19 when other 

states were showing a steep decline in the number of cases, was the low CFR (Case Fatality 

Ratio). In the case of Kerala, the CFR hovered around 0.40, i.e., 4 deaths per 1,000 COVID-

19 patients, during the first wave. The low CFR brought down the overall deaths per 1,000 

persons to a considerably low level in Kerala and Telangana which managed to keep the CFR 
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below 0.5 per cent. The overall deaths per 1,000 people is the multiple of no. of cases per 

1000 people and the number of deaths per 1000 cases. When the number of cases of 

infections increases disproportionately in some states, the low CFR in those states may not 

be of much relevance as the total number of deaths would increase. More importantly, from 

the point of view of safeguarding public health, the pressure on the health infrastructure, 

which is expected to protect lives, would increase with increase in number of cases. Hence, 

we have used the overall deaths per 1000 people for our analysis. 

We ran several regression models to understand the factors that explained the 

variations in COVID-19 deaths per 1000 persons across the states. After several iterations, a 

total of five variables were included in the analysis as independent variables, while many 

were excluded after noticing that either they have no effect in influencing the ‘COVID-19 

deaths per 1000 persons’, or are related to the other variables already considered for the 

analysis. For instance, population density was found to have no effect on the COVID-19 

deaths and hence was excluded from the analysis. The poverty rate was found to be 

inversely proportional to the per capita net state domestic product (with a high correlation 

coefficient) and hence was excluded. 

The final variables chosen are: proportion of people living in densely populated areas 

(above 5,000 persons per sq. km); average public health expenditure by the state (during 

the past 9 years); per capita net state domestic product; the capacity of the health 

infrastructure; and fraction of the population in the age group of 60 and above. The average 

public health expenditure per capita was found to be varying from Rs 472 per annum in 

Jharkhand to a highest of Rs. 3500 + per annum in Sikkim and Goa. The health infrastructure 

per 1,000 people was found to be varying from a lowest of 0.588 in J & K to a highest of 

3.88 in Karnataka (Figure 2). 

The regression analysis showed that these factors together explained the variation 

in COVID-19 deaths to an extent of 74.5 per cent (R-square value=0.745) (Table 4). However, 

among these five variables, two variables, i.e., per capita NSDP; proportion of people living 

in densely populated areas had very high level of significance. The fraction of aged people 

in the society was significant at 13 per cent level and therefore should also be considered 

as important. Increase in aging population certainly increases the mortality rate, probably 

owing to weaker immune system and the chances of co-morbidities. The health 

infrastructure had lower level of significance (24 per cent level), whereas public health 

expenditure had an inverse effect in reducing mortality. 

When the regression model was run by replacing ‘proportion of people living in 

densely populated areas with ‘average state population density’, though the R2 value 

decreased marginally (to 0.72), many of the variables except population density became 

insignificant with p values becoming 85% for average PHE,. 43.5% for health infrastructure 

and 24.4% for proportion of population above the age of 60. This analysis suggests that the 

average state population density is not explanatory variable for Covid-19 deaths also. 

The adverse impact of economic conditions on death rates can be explained by the 

phenomenon of high degree of mobility of the people and exposure of the population in 

some of the high-income states (Delhi, Goa, Maharashtra and Kerala) to heavy domestic and 

international passenger footprint, and a substantially large migrant population. These 

factors increase the risk of serious COVID-19 outcomes. Incidentally, in some of the states 

such as Maharashtra and Delhi, the proportion of people living in highly congested slums 

under extreme poverty with poor access to basic health infrastructure is considerably high. 

These factors also increase the chances of mortality.  
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Table 4: Result of multivariate regression analysis with 
COVID-19 deaths per 1000 people as dependent variable and 

average public health expenditure, per capita  NSDP, 
proportion of population living in densely populated areas, 

health infrastructure per 1000 persons, and fraction of 
population above the age of 60 as independent variables 

Predictor Coefficient
s 

Standard 
Error 

t 
Statistics 

Constant 
 

-0.15 0.09 -17 

Average public health 
expenditure (INR per 
capita) 
 

0.000028 0.000030 0.93 

Per capita NSDP (INR 
constant price)  
 

0.00000094
* 

0.0000004
9 

1.91 

Proportion of 
population living in 
densely populated 
areas (above 5,000 
per sq. km) 
 

0.35** 0.11 3.20 

Health infrastructure 
per 1000 persons 
 

-0.029 0.025 -1.20 

Fraction of population 
above the age of 60 

2.12 1.34 1.58 

R-squared 0.745   
Number of 
observations 

29   

Note: * and ** indicates significance at 90% and 99% level, 
respectively 
 

 

The negligible effect of health infrastructure, contrary to what was found by Tantrakarnapa 

et al., (2020) for Thailand, in reducing the mortality rate needs explanation. As regards the 

effect of health infrastructure, one reason could be that the actual effect of such factors 

would be visible when the total number of cases crosses a threshold wherein the public 

health infrastructure collapses. This is what is seen during the second wave of COVID-19 

infections. In spite of large number of cases per 1,000 persons, Kerala, which has one of the 

best public health infrastructures in the country, has been able to control the death rates 

to nearly 3 persons per 1,000 cases (CFR=0.3 per cent), and 1.75 persons per 10,000 

population whereas the total number of deaths per 1000 infected persons in Maharashtra is 

14.96 and the number of deaths per 10,000 population is 6.9. The death rate in Maharashtra 

today is nearly 4 times that of Keralaii. 

As regards the negative effect of public health expenditure (PHE) on reducing COVID-

19 deaths, the above phenomenon could partly explain, as many of the states incurring 

moderate to high expenditure on public health are also those having relatively higher NSDP 

(Delhi and Goa). This factor nullifies the benefit from high public health expenditure. An 

additional factor could be that not all people living in all areas get equal benefits of 

government expenditure on public health, especially in vulnerable areas in terms of public 
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health centres and community health centres and the number of staff equipped to handle 

the cases.  

 

Concluding Remarks 

 

Questions were raised during the past one year or so about the reliability of data relating 

to incidence of COVID-19 infections and deaths occurring in India by medical professionals, 

clinical scientists and social scientists around the world. Newspapers have occasionally 

reported incidence of underreporting of COVID-19 cases, especially deaths, by the state 

governments. Epidemiological studies on COVID-19 would require high quality data on 

infections and deaths. The issue relating to data reliability notwithstanding, the sharp 

variations in incidence of infections and death rates is a reality witnessed across Indian 

states. That being the case, analysis involving state-level data on COVID-19 and the range 

of factors that have potential bearing on the pandemic transmission and deaths can bring 

out certain key determinants of the variations in infection rates and death rates, if we 

assume that the extent of false reporting of infections and deaths is more or less same 

across the states.  

Multivariate analysis involving state-wise data show that two important variables 

influence the infection rate, i.e., proportion of people living in areas with population 

density higher than 5,000 persons per sq. km, and the proportion of people above the age 

of 60. The effect of per capita NSDP was adverse. States with higher per capita NSDP had 

higher infection rates per 1,000 people. This probably explains the low occurrence of the 

infection in some of the states that are predominantly rural such as Uttar Pradesh, 

Jharkhand, Chhattisgarh and Odisha during the first wave of COVID-19 infections.  

As regards COVID-19 related deaths, three main factors are found to influence. They 

are: 1) proportion of people living in areas with state’s population density higher than 5,000 

persons per sq. km; 2) fraction of population above the age of 60 in the state; and, 3) the 

per capita NSDP of the state. The fourth factor, which was less significant, was the health 

infrastructure from public and private sector. The status of health infrastructure though had 

negative impact on death rates, they had lower levels of significance. This could be due to 

the fact that the number of cases of infections in the states had not become high enough in 

the badly affected states to start showing the impact of poor health infrastructure and 

inadequate public health expenditure. As the data from the second wave of COVID-19 show, 

the states with poor health infrastructure and low level of state expenditure on public 

health do witness high death rates.  

The scientific explanation for these factors to be important determinants of COVID-

19 infection and COVID-19 death can be had from the knowledge available from past 

research. The most intriguing trend that emerged from the study, for which scientific 

explanation is hard to obtain, is the positive impact of the average economic conditions on 

COVID-19 infection rates and deaths. Unlike what was found in the studies elsewhere in the 

US and UK, high income increased both infection and mortality rates in the respective states. 

This was probably due to the increased mobility and associated problem of increased 

exposure of the people living there to domestic and international passenger footprint, and 

a substantially large migrant population. Incidentally, some of these high incomes states 

also had large and congested slums, and with poor access to water supply and sanitation 

and inadequate public health infrastructure.  
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The study highlights the need for shifting the focus of the COVID-19 control strategy 

to regions characterized by very high density of population and high income-inequality, or 

which have a high migrant population and have high degree of exposure to domestic and 

international air traffic, along with regions with aging population.   
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i The reason for considering Delhi as an outlier is that it is the only state whose average 
population density figure is representative of the actual population density across its 
entire geographical area, unlike many other states which while having low average 
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population density, had large proportion of the people living in very densely populated 
areas. 
 
ii As on May 15, 2021, the total number of cases in Kerala is 20.5 lac and that in 
Maharashtra is 52.7 lac. The total number of deaths in Kerala is 6150 and that in 
Maharashtra is 78,857. The population of Kerala and Maharashtra are 35 million and 114.2 
million, respectively. 


