
© 2024 European Society of Medicine 1 

 

 

 

 
 

1School of Mathematics and Statistics, 

University of Sydney, NSW, Australia, 
School of Business and Law, Edith 
Cowan University, Joondalup, WA, 
Australia, and Department of Finance, 
Asia University, Taiwan. 

 

OPEN ACCESS 
 
PUBLISHED 
31 July 2024 
 

CITATION 
Allen, DE. 2024. The correlation 
between Australian Excess Deaths by 
State and Booster Vaccinations. 
Medical Research Archives, [online] 

12(7). 

https://doi.org/10.18103/mra.v1
2i7.5485 
  
COPYRIGHT 
© 2024 European Society of 
Medicine. This is an open- access 
article distributed under the terms of 
the Creative Commons Attribution 

License, which permits unrestricted 
use, distribution, and reproduction in 
any medium, provided the original 
author and source are credited.  
 

DOI 

https://doi.org/10.18103/mra.v1
2i7.5485 
 
ISSN 

2375-1924  

 
 
 
 

ABSTRACT 
The study explores the relationship by Australia State between COVID Booster 

Vaccinations and excess deaths. There is evidence of a very strong correlation in 

ordinary least squares regression analysis. Cross-validation tests support the 

strength of the regression relationship. The results suggest that it would be 

worthwhile to explore these associations in greater depth as it is an important 

public health issue.  
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1. Introduction 
This paper features an analysis of factors associated with 
the recent experience of excess deaths, by individual 
state and territory in Australia as it relates to the official 
historical record of total booster vaccinations by State 
and Territory. It relates it to vaccine data obtained from 
Australian Government official health statistics. (Vaccine 
data obtained from  
https://www.health.gov.au/ourwork/covid-19-
vaccines/vaccination-numbers-and-statistics, as accessed 
1/1/2024). Additional information accessed includes 
figures for actual deaths, expected deaths, populations, 
total vaccinations, booster doses, recent vaccinations, and 
total vaccinations, as broken down by State and 
Territory, Simple ordinary least squares regression 
analysis (OLS), is used to analyse the degrees of 
correlation between the summary figures by state and 
territory with the focus being on excess deaths by State 
and Territory as the dependent variable, although other 
variables are also analysed. 
 
Allen (2023) undertook a similar analysis across OECD 
countries using OECD statistics [1]. He reported that cross 
sectional regression analyses suggest that COVID-19 
booster vaccines explain between 69 and 79 per cent of 
the variation in excess deaths in OECD countries as 
captured by excess deaths in the first week or averaged 
across the first three months of 2023. However, there are 
many difficulties in untangling the complex potential 
causal relationships between these variables. Cross-
sectional regression analyses ignore sequential timing. 
 
For example, in the case of potential sequential effects, 
it could be the case that contracting a COVID infection 
weakens the immune system and leads to subsequent 
immune system difficulties. Gao et. al (2023) analysed 
immune cell responses to Pfizer vaccinations [2]. They 
noted that: “In addition, the apparent damage of the 
CD8+ T cell response by viral infection is cause for 
concern and may leave even vaccinated individuals with 
a previous infection at risk for subsequent infections or 
other health issues.” 
 
Krug et al., (2021) have analysed the incidence of 
myocarditis and perocarditus related to vaccine damage 
in adolescents [3]. They conclude that in this particular 
age group careful assessment has to be made of the 
trade-off between protection against severe disease vis-
à-vis damage from myo/periocarditus in what is 
essentially, an overall low-risk cohort of the general 
population.  
 
Chenupatti et al., (2024), assessed the impact of Covid 
19 through the lens of the gastrointestinal (GI) system [4]. 
They report that throughout the pandemic the presence of 
GI symptoms was recorded in a range from 28 per cent 
to 50 percent of patients. These effects were more long-
lasting than the respiratory tract ones and were one of 
the characteristics of long-Covid. These effects on the GI 
system were present in both adults and children (aged < 
18 years). 
 
Pillay et al. (2022) adopted a machine learning 
approach to survey studies on the presentation and 
clinical course of more than 8000 reported cases of 

myocarditis and pericarditis and on and some initial 
reports of longer-term outcomes [5]. They consider 
possible mechanisms and discuss the incidence of 
myocarditis which they suggest is probably the highest in 
males aged 12-29 years and more likely with Moderna 
than with Pfizer mRNA vaccines. They observe that longer 
dosing intervals might be beneficial and that even though 
most cases of myocarditis are mild and self-limiting, the 
data on children and some severe cases is limited. 
 
Mostert et al., (2024) analyse excess deaths using data 
from the ‘Our World in Data Database’ [6]. Excess 
mortality is assessed as a deviation between the 
reported number of deaths in a country during a certain 
time period and the expected number of deaths in a 
country for that period under normal conditions.  
 
They report that the total number of excess deaths in 47 
countries of the Western World was 3 098 456 from 1 
January 2020 until 31 December 2022. Excess mortality 
was documented in 41 countries (87%) in 2020, 42 
countries (89%) in 2021 and 43 countries (91%) in 2022. 
They suggest that this raises serious concerns, and that 
Government leaders and policymakers need to 
thoroughly investigate underlying causes of persistent 
excess mortality. 
 
The author would agree with their statement because the 
reasons for excess deaths are open to debate. For 
example, the Society of Actuaries in Australia have a 
section of their website devoted to research papers 
produced by their Covid-19 Mortality Working Group 
 
(See: 
https://www.actuaries.asn.au/microsites/pandemics-
resource-centre/covid19-articles, accessed 9 January 
2024). They report that there was no excess mortality in 
Australia in August 2023 and suggest that: the August 
figure was due to lower than predicted deaths from 
respiratory disease and dementia in the month, which 
was, in turn, the result of low prevalence of influenza (as 
the flu season was earlier than usual this year) and 
COVID-19. This was offset by higher than predicted 
deaths from COVID-19 and other causes. Furthermore, 
they suggest that whilst total excess mortality for the first 
eight months of 2023 was 6% (95% confidence interval: 
4% to 8%) or +6,400 deaths – i.e., there were 6,400 
more deaths than expected if the pandemic had not 
happened. They suggest that more than half of the YTD 
excess mortality is due to deaths from COVID-19 
(+3,500 deaths), with another +1,000 COVID-19 
related deaths, and the remaining excess of +2,000 
deaths had no mention of COVID-19 on the death 
certificate. 
 
A counter argument would be that either infection by 
COVID-19 or potential vaccine damage could potentially 
lead to cardiomyothapy or pericarditis. This could lead 
to subsequent morbidity via a heart-related event, for 
example, as recorded on a death certificate, which would 
not necessarily mention COVID19. Yamamoto, (2022) 
notes that “It has been hypothesized that there will be an 
increase in cardiovascular diseases, especially acute 
coronary syndromes, caused by the spike proteins in 
genetic vaccines” [7].  
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This brief review of the literature has suggested that there 
are a number of potential routes for vaccine-related 
damage to occur and that there is broad evidence of an 
increase in excess deaths following the implementation of 
vaccine strategies as a response to the Covid 19 
pandemic. The purpose of the current paper is to explore 
the statistical linkage between excess deaths and Covid 
Booster vaccinations in an Australian context. 
  
The paper is divided into five sections, the research 
methods are discussed in section 2, the data and 
descriptive statistics in section 3, the results and discussion 
in section 4, and a conclusion in section 5.  
  

2. Methods. 
The basic method of analysis is ordinary least squares 
regression analysis (OLS), as shown below.  

𝑦𝑖 = 𝑎𝑖 + 𝑏𝑥𝑖 + 𝑒𝑖. 
 
This is accompanied by the usual assumptions about the 
linearity of the relationship between the dependent 
variable yi, and the independent variable xi, the absence 
of endogeneity, but given that bivariate regressions are 
involved, this is not a major issue, the existence of 
Gaussian distributions, homoscedasticity or constancy of 
the variance of the error term, and the fact that it is 
independent and identically distributed. The customary 
assumption is that sample of the general population used 
to produce the observations used in the analysis is 
randomly drawn.  
  
Given that the number of observations used in the 
bivariate regressions applied in this study are limited by 
the number of Australian States and Territories, this issue 
was given considerable attention, and cross-validation 
techniques were applied. 
 
Bates, et al., (2023) draw attention to the fact that cross-
validation (CV) is a widely used technique to estimate 
prediction error, but suggest its behaviour is complex and 
mis-understood [8]. Rather than cross-validation 
estimating the prediction error for the model at hand, as 
fit to the training data, they argue this is not the case for 
the linear model fit by ordinary least squares and 
suggest that it estimates the average prediction error of 

models fit on other unseen training sets drawn from the 
same population. They introduce a nested CV scheme to 
estimate this variance more accurately. 
 
Bates et al., (2023) suggest that cross-validation 
estimates CV should instead be treated as an estimator 
of the average prediction error across training sets [8]. 
The qualities of various related estimators are discussed 
by Zhang 1995, Zhang 1993, Hastie, Tibshirani, and 
Friedman 2009; and Yousef 2020 [9, 10, 11, 12]. See 
also Rosset and Tibshirani (2020) and Wager (2020) for 
a discussion about different potential estimands [13, 14]. 
 
In this paper, cross-validation techniques are applied 
together with basic descriptive statistics and heatmaps to 
explore the correlations between variables used in the 
bivariate regression analyses. 
 

3. Data and descriptive statistics 
The recent experience of excess deaths by Australian 
State, as published by the Australian Bureau of Statistics 
(19/07/2023) 
 
(https://www.abs.gov.au/articles/measuring-australias-
excess-mortality-duringcovid-19-pandemic-until-first-
quarter-2023, accessed 9/1/2024), is shown in Table 1. 
This data for the first quarter of 2023 was used in the 
analysis, apart from in the case on the Northern Territory, 
for which I used the 2022 data. 
 
Vaccine data for Australian States and Territories was 
obtained from https://www.health.gov.au/our-
work/covid-19-vaccines/vaccination-numbers-
andstatistics. Series were obtained for total deaths, 
expected deaths, excess deaths, total vaccinations, 
booster doses, recently vaccinated, populations, and the 
unvaccinated. A summary of these figures representing 
the 8 States and Territories is shown in Table 2. A large 
variation across the states is to be expected given the 
differences in the sizes of the populations. For example, 
NSW has a population of 8.3 million whilst the population 
of the Northern Territory is only 252,500. The greatest 
variation, in terms of the standard deviation, is in the total 
number of vaccinations by State and Territory, followed 
by the variation in populations. 

 
Table 1: Excess Deaths by State 
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The variables used in the analysis, as shown in the 
correlation matrix in the lower section of Table 2, are 
highly correlated. The critical value for the correlation 
coefficient, in a two-tailed test across 8 variables, is 0.71. 
Thus, all the pairwise correlation coefficients are 
significant at a 5 per cent level or greater, except for all 
the correlation coefficients involving the unvaccinated. 
 
The highest correlation is between excess deaths and 
booster vaccine doses with a value of 0.87. However, the 
correlations between total vaccinations, and recent 
vaccinations are 0.85 and 0.86 respectively. 
Unremarkably, there is a high correlation between excess  
 

deaths and total population with a value of 0.84. 
 
Figure 1 displays a heatmap of the correlations between 
variables. The last column and the bottom row of the 
heatmap show that the unvaccinated have the lowest 
correlations with the other variables in the analysis. 
Nevertheless, there is still a correlation of 0.7 between 
the unvaccinated and population. However, this is 
probably to be expected given that that States and 
Territories with larger populations are likely to have more 
unvaccinated people. Most revealing is the insignificant 
correlation of 0.5 between the unvaccinated and excess 
deaths. 

Table 2: Descriptive Statistics of State Series and Correlation Matrix 

Variable Mean Median Maximum Minimum St. Deviation 

Expected Deaths 4624.1 3255.5 11540 550 4141.8 

Actual Deaths 5124.1 3775.5 12529. 599.00 4504.9 

Excess Deaths 320.25 215.50 1051.0 -268.00 466.37 

Total Vaccinations 8,618,100 6,100,000 20,140,000 644,400 7,917,600 

Booster Doses 521,180 365,150 1,300,000 18,700 477,860 

Population 3,329,200 2,365,200 8,339,300 252,500 3,149,000 

Recently Vaccinated 236,380 168,250 584,700 9800 218,010 

UnVaccinated 70,588 46,150 208,200 9200 68963 

Correlation coefficients, using the observations 1–8 
5% critical value (two-tailed) = 0.7067 for n = 8 
 

ExcessDeaths TOTVAC BoostD RECVAC UNVAC  

1.0000 0.8468 0.8671 0.8578 0.5071 ExcessDeaths 

 1.0000 0.9979 0.9984 0.6230 TOTVAC 

  1.0000 0.9993 0.6055 BoostD 

   1.0000 0.5992 RECVAC 

  1.0000 UNVAC 

 POPD COVCASES  

 0.8411  0.8282 ExcessDeaths  

 0.9978  0.9508 TOTVAC  

 0.9940  0.9609 BoostD  

 0.9950  0.9615 RECVAC  

 0.6658  0.5232 UNVAC  

 1.0000  0.9464 POPD 
 1.0000 COVCASES 

 

 

Figure 1. Heat Map of Correlations between Variables 
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4. Bivariate regression Results, cross-
validation and Discussion 
4,1 BIVARIATE REGRESSIONS 
To explore the relationships between the variables, 
bivariate  regression  analyses  were  performed  on  

pairs of variables using excess deaths as the dependent 
variable, followed by total vaccinations and booster 
doses. The results of these analyses are shown in Table 3, 
in Part A of the Table, followed by some cross-validation 
tests in Part B. 

 
Table 3: Bivariate OLS regression Analyses and Cross-Validation Tests 
Part A: Bivariate OLS regression Analyses 

Regression Coefficient Adjusted R-Square F-Statistic F-Statistic Residuals 
regression 

Excess Deaths = 

C1 +β1BoostD 

0.000846*** 0.71 18.18*** 0.010520 

Excess Deaths = 

C2 +β2TotVAC 

0.0000499*** 0.71 15.21*** 0.000319 

Excess Deaths = 

C3 +β3RECVAC 

0.00183491*** 0.69 16.71*** 0.003507 

Excess Deaths = 

C4 +β4UNVAC 

0.00342938 0.13 2.08 3.107021 

Excess Deaths = 
C5 

+β5COVCASES 

0.000332594** 0.63 13.11** 0.063274 

Excess Deaths = 

C6 +β6POP 

0.124562 *** 0.66 14.51*** 0.019782 

TotVAC = C7 

+β7COVCASES 

6.38561*** 0.98 321.9*** 0.666778 

BoostD = C8 

+β8COVCASES 

0.385757 *** 0.98 358.4*** 0.0128575 

BoostD = C9 

+β9POP 

150.844*** 0.99 499.52*** 0.528937 

 
Table 3 Part B: Cross-Validation Tests. 

RMSE R2 MAE Resample Sample size 

219.56 1 184.56 - - 

 Details of Folds  

81.37 na 81.37 Fold 1 7 

446.22 1 339.74 Fold 2 6 

219.56 1 207.96 Fold 3 6 

202.84 1 145.95 Fold 4 6 

147.79 na 147.79 Fold 5 7 

 
Table 3 reveals in the first row of Part A, that excess 
deaths are significantly related to booster doses, the 
relationship is significant at the 1 per cent level and the 
Adjusted R-Squared in the bivariate regression is 0.71. In 
the second row there is a very similar bivariate regression 
relationship between excess deaths and total 
vaccinations, which is significant at the 1 per cent level 
with a similar Adjusted R-Squared of 0.71. The third row 
of Table 3, Part A, shows that there is also a similar 
relationship between excess deaths and the recently 
vaccinated cohort by State which is also significant at the 
1 per cent level and has an Adjusted-R-Squared of 0.69. 
These first three rows of results suggest that there is a 
consistent relationship between excess deaths and various 
vaccination measures across the Australian States. 
 
By contrast, the fourth row in Table 3 reports that there is 
no significant relationship between excess deaths and the 
unvaccinated by State. Row 5 in Table 3 reports the 
results of a bivariate regression of excess deaths by State 
on reported COVID cases by State. The relationship, like 
all the previous regressions is positive and significant at 
the 5 per cent level but the Adjusted R-Squared is 
reduced to 0.63. Row 6 in Table 3 reports the result of 

regressing excess deaths by State, on total population by 
State. This is also significant at the 1 per cent level and 
has an Adjusted R-squared of 0.66. This result 
demonstrates the weakness of the analysis, as clearly the 
more populous States will have more excess deaths, more 
COVID cases and more vaccinations. 
 
The last 3 rows in Table 3, Part A, report the results of the 
exploration, via  bivariate regressions, of other significant 
relationships between pairs of variables. Row 7 reports 
the results of the regression of total vaccinations on total 
cases by State. The regression is highly significant at the 
1 per cent level and the Adjusted R-Squared is 0.98. 
Similarly, Row 8 in Table 3 explores the relationship 
between booster doses and total cases. This relationship 
is also significant at the 1 percent level and has an 
Adjusted R-Squared of 0.98. Finally, the last row in Table 
3, Part A, explores the bivariate relationship between 
booster doses of the vaccine and population. This is 
significant at the 1 per cent level and has an Adjusted R-
squared of 0.99. 
 
These results are entirely consistent with the correlation 
matrix and the heat map of correlations presented in 
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Supplementary Figure 1. Clearly, State population has a 
large impact on all the variables used in this cross-
sectional regression analysis. The concern is that it could 
be a potential cause of endogeneity, or omitted variable 
bias, which would reveal itself in a significant relationship 
between the residuals from the original bivariate 
regression and the omitted variable. In the final column 
of Table 3, Part A, I report the F-statistic from the 
regression of the residuals of the first bivariate 
regression, reported in the row, with population. The two 
exceptions to this are reported in rows 6 and 9, in which 
population is included in the bivariate regression. In row 
6, the F-statistic in the final column reports the results of 
regressing the residuals from the regression on booster 
doses, whilst in the last row and final column, the F-statistic 
is the result of regressing the residuals on excess deaths. 
None of the F statistics in the final column of Part A, are 
significant, which gives me more confidence in the 
bivariate regression results. 
 
4.2. CROSS-VALIDATION 
This section reports the application of this method to the 
regression of excess deaths on excess vaccine booster 
doses. I first considered using an R package “cv”, Fox and 
Monette (2025) [15]. Subsequently, as an alternative, I 

used some GRETL add in code called CvDataSplitter, 
written by A. Tarassow and available on GITHUB at
  (https://github.com/atecon/CvDataSplitter, accessed 
February 8, 2024). In the end, given that there are a 
limited number of observations, I wrote some R script to 
produce the output featured in Table 3. Part B. 
 
The three metrics, root mean squared error (RMSE), R-
squared, and the mean absolute error (MAE), as reported 
in the second row of Table 3, Part B, under the column 
headings, show how well the estimated model, performed 
on the data left out in the folding process. The entries in 
the bottom 5 rows of Table 3, Part B, under the heading, 
“details” of the folds, show how the model performed on 
the data used in each fold and the final column provides 
details of the sample size. It can be seen that the base 
model holds up well, the errors are small and the R-
squared, a measure of the correlation between the 
predictions made by the model and the actual 
observations is 1. 
 
The graphs in Figure 2, show the behaviour of the 
residuals in the OLS regression of ExcessDeaths on 
BoostD. These behave well and suggest that the model is 
well-specified.  

 
Figure 2: Graphs of the data and the behaviour of residuals from the OLS regression of ExcessDeaths on BoostD 
Data Plot 

 
Residuals Fit 

 
QQPlot Residuals 
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5. Conclusion 
This paper presents the results of an OLS regression of the 
number of excess deaths, by State and Territory in 
Australia, as reported in official sources in 2023, on 
recorded excess booster vaccine doses by State and 
Territory. The results are quite striking and suggest the 
existence of a strong regression relationship with 
significant coefficients and an Adjusted R-squared of 71 
percent. Simple cross-validation tests suggest that the 
regression results are robust, despite the very limited 
sample size available in this cross-sectional regression. 
These results match those of a recent study by Allen (2023) 
on the OECD country experience of excess deaths [1]. 
They suggest that this topic deserves greater scrutiny given 
that it is an important public health policy issue with 
considerable cost implications. 
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