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Abstract
This study presents a theoretical and empirical regression model to measure the effi-
cacy of vaccinations in reducing COVID death rates across states over the 3/10/21 to
12/28/22 period. During that period, it was estimated that the availability of vaccina-
tions resulted in a reduction of 427,000 COVID deaths in the nation. To arrive at that
estimate, other covariants were held constant. In particular, it was found that chronic
disease should be included as an explanatory variable to arrive at unbiased measures
of the efficacy of vaccinations in reducing deaths. In addition, the percentage of people
over the age of 65 was found to be highly significant. The only ethnic/racial character-
istic that was significant in explaining COVID deaths was the percentage of American
Indians/Alaska Natives residing in a state. Other ethnic/racial characteristics, as well
as variables representing population, density, governmental stringency, and income,
were not significant over the period tested.

Keywords COVID-19 · Death rates · Vaccine · Chronic · Density · Poverty ·
Stringency

JEL Classification C01 · C31 · C40 · C51 · I10 · I18

1 Introduction

Cumulative fatalities in the U.S. from the severe acute respiratory syndrome coron-
avirus 2 (SARS-COV-2) reached 1,085,000 from January 1, 2020, through the year-end
of December 2022. About half of those deaths (540,000) occurred after 3/10/21 when
COVID vaccinations first became generally available.

Figure 1 shows that the weekly mean cumulative rate of fully vaccinated people in
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Fig. 1 Percent fully vaccinated versus total weekly COVID deaths in the U.S

the U.S. increased from 8 percent on 3/10/21 to 69 percent on 12/28/22. During that
21-month period, the total number of weekly COVID fatalities experienced two peaks
during the spread of the highly contagious Delta and Omicron variants. Following the
Omicron peak, the weekly average COVID fatalities dropped sharply from a high of
17,701 during the week of 2/22/22 to 2,505 only two months later on 4/27/22. For
the rest of 2022, the weekly average death rates hovered at relatively low levels in a
narrow range between 2000 and 4000.

While one might argue that the relatively low number of weekly COVID fatali-
ties after 4/10/22 was the result of increasing cumulative vaccination rates, the sharp
increases in COVID deaths during the Delta and Omicron outbreaks occurred after
mean vaccination rates exceeded 50 percent.

A number of academic papers have studied the impact of vaccinations on COVID
death rates. Few, however, have investigated differences in COVID deaths across states
and how those differences can be used to estimate the efficacy of COVID vaccinations.

A study that is similar to analyzing differences across states examines diverging
patterns of COVID-19 cases in seven countries with high vaccination rates (Bukhari
et al., 2021). The study concludes somewhat ambiguously that “the number of cases
and deaths have declined significantly (with vaccinations ≥ 50%), whereas in others
they have increased compared to pre-vaccination levels” (Bukhari et al., 2021, p. 1).
More problematic is the fact that the period of testing in this paper ends on May 30,
2021, and it does not account for covariates that could bias the estimates.

A study that compares U.S. COVID mortality with the ten most- and least-
vaccinated states, as well as 20 OECD countries, concludes that the U.S. would have
averted 122,304 deaths if COVID-19mortalitymatched that of the tenmost-vaccinated
states (Bilinski et al., 2023). This finding was based on mortality rates over the Delta
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and Omicron periods from 6/27/21 to 3/26/22. Not only does the aggregation of the
ten most-vaccinated states as a comparison group constrain the sample, but the initial
period tested starts on 6/27/21 when the average vaccination rate had already reached
46 percent. The sample period ends on 3/26/22 and therefore excludes any empirical
findings relating to the 108,000 deaths that occurred after that date.

Robert J. Barro uses differences across states’ vaccination rates and instrumen-
tal variables to analyze vaccine efficacy. He argues, “If vaccinations are effective
at reducing infections and deaths, these differences should map into differences in
COVID-related deaths, hospitalizations, and cases.” (Barro, 2022). Barro divides his
sample into five periods over the 3/19/21 to 5/22/22 period. It uses cross-sectional
regressions to measure the effects of vaccinations on COVID-related outcomes. He
concludes that “one expected life saved requires 248 additional doses.” No estima-
tion is given for the total number of lives saved during the period tested. The period
tested ended on 5/22/22, after which 85,000 more COVID deaths occurred during the
remainder of the year. Barro’s methodology does not directly include an instrumental
variable representing chronic disease to hold differences across states in this variable
constant. It might be argued that his use of a life expectancy variable could serve as
a proxy for chronic disease. But as will be shown later in this study, life expectancy
is an inferior measure as compared to directly including a chronic disease variable in
explaining COVID death rates.

In the study to follow, the efficacy ofmean vaccinations across states from3/10/21 to
12/28/22 will be examined. A regression model similar to those undertaken by (Doti
2021a, b) will be used to measure the efficacy of vaccinations in reducing COVID
mortality. The study will hold constant other covariants such as population, density,
income, stringency, age, chronic disease, and differences in racial/ethnic composition
across states. In addition, the study will estimate the impact of each state’s mean
vaccination rate on its mean death rate, thereby allowing for an estimation of the total
number of lives saved as a result of vaccinations.

A particularly important aspect of this study is the inclusion of a chronic disease
variable into the estimation. No known study on the efficacy of COVID vaccinations
includes chronic disease as an explanatory variable. It will be shown that including
such a variable in regression tests results in more accurate estimates of the efficacy
of vaccination in reducing COVID death rates. The present study will also show
that excluding chronic disease as an explanatory variable results in unreliably high
estimates of lives saved due to COVID vaccinations.

2 Theoretical model

Although mean weekly vaccination rates in the U.S. reached asymptotic peaks of
70 percent by year-end 2022, Fig. 2 shows that there was a relatively wide range
in statewide cumulative vaccination rates, with Rhode Island registering the highest
at 89.6 percent and Wyoming the lowest at 53.0 percent as of year-end 2022. In
comparing weekly average statewide vaccination rates over the 3/10/21 to 12/28/22
period, Vermont was highest at 70.9, and Alabama was lowest at 43.3 (See Table 1).
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Fig. 2 Comparison of vaccination rates

These wide differences in statewide averages suggest a potential theoretical
approach in measuring the benefits of higher cumulative vaccination rates.

If vaccinations reduce COVID death rates, the relationship between mean vaccina-
tion rates by state, vrs, will be inversely related to the death rate by state, drs, as shown
in Fig. 3.

An example of the impact of vaccinations in saving lives is depicted in Fig. 3
by comparing the state with the lowest mean vaccination rate during the 3/10/21
to 12/28/22 period (Alabama) with that of the highest (Vermont). The hypothetical
efficacy of a higher vaccination rate is depicted in Fig. 3 as the difference in death rates
for those two states, drA – drV � � dr. The other 48 states whose vrs range between
vrA and vrV would theoretically have death rates (drs) between drA and drV.

The vrs and drs for all 50 states are shown in both alpha and rank order in Table
1. These values conform approximately to a linear trendline, as shown in Fig. 4, with
wide differences around that trendline. Notice that the placement of the intercepts for
Alabama’s and Vermont’s mean vaccination rates (vrA and vrV) and COVID cumula-
tive death rates (drA and drV) are similar to those hypothesized in Fig. 3.

Although the trendline shown in Fig. 3 suggests an inverse relationship between
mean vaccination rates and cumulative COVID death rates by state, it is possible that
other explanatory variables that are related to vaccination rates in a collinear way
may lead to a misleading characterization of the efficacy of COVID vaccinations.
An empirical model presented in the following section will address that issue by
examining a wider set of explanatory variables in addition to vaccination rates that
might significantly influence COVID death rates. It will be shown that chronic disease,
in particular, has a significant impact on COVID deaths, an impact that needs to be
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Table 1 Comparison of mean vaccination rates (vr) and cumulative covid death rates (dr) by state from
3/10/21 to 12/28/22

Alpha order by state vr dr Rank order of vr from
highest to lowest

vr dr

1 Alabama 43.3 209.5 1 Vermont 70.9 90.1

2 Alaska 53.6 157.0 2 Rhode Island 70.7 111.4

3 Arizona 52.7 216.2 3 Maine 69.5 150.7

4 Arkansas 46.2 242.6 4 Connecticut 69.1 111.4

5 California 60.9 112.5 5 Massachusetts 68.9 133.3

6 Colorado 60.6 133.2 6 New York 65.6 134.6

7 Connecticut 69.1 111.4 7 New Jersey 65.3 127.4

8 Delaware 59.4 172.3 8 Maryland 65.1 128.9

9 Florida 57.2 238.1 9 Hawaii 64.8 91.1

10 Georgia 46.4 216.9 10 Washington 62.6 128.4

11 Hawaii 64.8 91.1 11 New Mexico 62.5 235.2

12 Idaho 45.6 179.8 12 Virginia 62.5 150.2

13 Illinois 57.9 138.8 13 New Hampshire 61.2 120.0

14 Indiana 48.3 184.7 14 California 60.9 112.5

15 Iowa 54.5 151.1 15 Colorado 60.6 133.2

16 Kansas 52.9 166.7 16 Oregon 60.5 156.6

17 Kentucky 50.5 284.0 17 Minnesota 59.9 133.1

18 Louisiana 45.7 185.7 18 Delaware 59.4 172.3

19 Maine 69.5 150.7 19 Pennsylvania 59.1 188.5

20 Maryland 65.1 128.9 20 Illinois 57.9 138.8

21 Massachusetts 68.9 133.3 21 Wisconsin 57.2 146.8

22 Michigan 52.7 239.1 22 Florida 57.2 238.1

23 Minnesota 59.9 133.1 23 Nebraska 55.3 130.8

24 Mississippi 43.7 212.5 24 Iowa 54.5 151.1

25 Missouri 48.4 221.4 25 South Dakota 54.0 135.8

26 Montana 49.8 202.3 26 Alaska 53.6 157.0

27 Nebraska 55.3 130.8 27 Utah 53.0 95.7

28 Nevada 52.0 212.2 28 Kansas 52.9 166.7

29 New Hampshire 61.2 120.0 29 Arizona 52.7 216.2

30 New Jersey 65.3 127.4 30 Michigan 52.7 239.1

31 New Mexico 62.5 235.2 31 North Carolina 52.5 152.5

32 New York 65.6 134.6 32 Nevada 52.0 212.2

33 North Carolina 52.5 152.5 33 Texas 51.9 155.9

34 North Dakota 48.0 121.6 34 Ohio 51.1 188.9

35 Ohio 51.1 188.9 35 Kentucky 50.5 284.0
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Table 1 (continued)

Alpha order by state vr dr Rank order of vr from
highest to lowest

vr dr

36 Oklahoma 49.1 320.6 36 Montana 49.8 202.3

37 Oregon 60.5 156.6 37 Oklahoma 49.1 320.6

38 Pennsylvania 59.1 188.5 38 South Carolina 48.7 193.9

39 Rhode Island 70.7 111.4 39 West Virginia 48.5 299.2

40 South Carolina 48.7 193.9 40 Missouri 48.4 221.4

41 South Dakota 54.0 135.8 41 Indiana 48.3 184.7

42 Tennessee 46.3 243.6 42 North Dakota 48.0 121.6

43 Texas 51.9 155.9 43 Georgia 46.4 216.9

44 Utah 53.0 95.7 44 Tennessee 46.3 243.6

45 Vermont 70.9 90.1 45 Arkansas 46.2 242.6

46 Virginia 62.5 150.2 46 Louisiana 45.7 185.7

47 Washington 62.6 128.4 47 Idaho 45.6 179.8

48 West Virginia 48.5 299.2 48 Wyoming 44.0 219.8

49 Wisconsin 57.2 146.8 49 Mississippi 43.7 212.5

50 Wyoming 44.0 219.8 50 Alabama 43.3 209.5

Average for States 55.6 173.5 Average for States 55.6 173.5

Fig. 3 Relationship between vaccination rates and cumulative COVID death rates by state
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Fig. 4 Relationship betweenmean vaccination rates and cumulativeCOVIDdeath rates by state from3/10/21
to 12/28/22

held constant in order to derive unbiased estimates of the efficacy of vaccinations on
COVID mortality.

3 Empirical model

In order to measure the impact of differences across states in vaccination rates on
COVID-19 death rates, it will be necessary to hold constant other variables that may
influence COVID-19 deaths as well as define more precisely the variables to be used
in formulating the empirical tests.

Cumulative confirmed COVID-19 deaths per 100,000 in state population during
the 3/10/21 to 12/28/22 period serves as the dependent variable in the model. A death
is defined as a person who meets the clinical and epidemiological criteria for a SARS-
CoV-2 death.

The structural form of the model is shown below in Eq. (1).

Ci, t � b0 + b1(x1, i) + b2(x2, i) + . . . + bn
(
xn, i

)
(1)

where Ci,t is the cumulative COVID-19 death rate per 100,000 in state i at the end of
some period t. x1, …, xn � 1, …, n are independent variables in state i. b0, b1, …, bn
are parameters to be estimated.

Note: Display of error terms are suppressed.
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In order to control and test for the factors that explain the cumulative COVID-19
death rate by state during some time interval t, the following variables shown below
in Eq. (2) were selected.

Deathi,t � b0 + bv vaccinei +
2∑

d = 1

bd,tdensityi +
2∑

y = 1

by,t incomet

+ bs,t stringency + ba,t age 65 +
3∑

h = 1

bh,thealth

+
4∑

r = 1

br,tracial/ethnic (2)

where deathi is the cumulative COVID-19 death rate per 100,000 in state i during
some period t. bo, bv, …… br,t, are parameters to be estimated.

The definition and descriptive statistics for the dependent and independent variables
are as shown in Table 2.

4 Impact of vaccination and other variables on COVID-19 death rates

Using a regression model, the explanatory variables are added in groupings from I to
VII, as shown in Table 2. The regression results are presented in Regressions 1 to 8,
Table 3. Note that explanatory variables were removed if not significant at the p < 0.10
level (one-tailed), and the “best” fit regression, Regression (8), Tables 3, is shown in
the last column.

4.1 Vaccination variable, vaccine

The estimated coefficient of − 2.28 for the vaccination coefficient shown in Table 3,
Regression 8 suggests that after holding other explanatory variables constant, a state’s
COVID-19 death rate decreases by 2.28 deaths per 100,000 in a state’s population for
every increase of 1 percent in a state’s average vaccine rate. The measured t statistic
of − 3.75 for vaccine in Regression 8, Table 3, is highly significant at p < 0.01 level
(one-tailed).

The empirical findings of Regression 8 can be used to estimate the reduction in
COVID deaths as a result of each state’s mean vaccination rate during the 3/10/21
to 12/28/22 period. This simulation that is based on a counterfactual scenario of no
vaccination is shown in Table 4. For example, Alabama had a death rate of 209.5, with
a mean vaccination rate of 43.3. If, as shown in Column 4, Alabama had a vaccination
rate of zero, its corresponding death rate would have been 308.2. That calculation is
based on the estimated coefficient of − 2.28 for the vaccination rate, vr, as shown in
Table 3, Regression 8.

In order to convert the reduction of 98.7 in Alabama’s death rate in Column 5 to a
reduction in the number of deaths, it is necessary, as shown in Column 7, to multiply
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98.7 by its population divided by 100,000. The resulting estimate of 5,010 fewer
deaths is presented in Column 8. To express that number as a percentage of Alabama’s
population, the ratio of the reduction in deaths (Column 8) is divided by its population
(Column 6) and then multiplied by 100, as shown in Column 9. The resulting estimate
of 0.099 suggests that Alabama’s COVID death rate was reduced by about a tenth of
a percent of its population, given its mean vaccination rate of 43.3 percent.

That estimate can be compared to Vermont, the state with the highest vaccination
rate of 70.9 percent. As shown in Column 9 of Table 4, Vermont’s high rate of vaccina-
tion resulted in a COVID death rate that was reduced by 0.162 percent, considerably
higher than Alabama’s estimated reduction of 0.099 percent.

For all 50 states, the estimated reduction in COVID deaths resulting from vacci-
nations is estimated at 427,000 or 0.128 percent of the nation’s population. Since the
actual number of COVID deaths during the 3/10/21 to 12/28/22 period was 577,000,
the estimated reduction of 427,000 in COVID deaths suggests that had vaccinations
not been available, COVID deaths in the U.S. during that period would have reached
about 1 million (Actual COVID deaths of 577,000 plus reduction in COVID deaths of
427,000) or 0.301 percent of its population. That compares to an actual percentage of
0.173 deaths as a percent of the nation’s population. The decline in the nation’s death
rate of 0.128 (0.301 less 0.173) is the value shown in the total row of Table 4.

Table 5 shows a listing of states in rank order of the reduction in COVID deaths as
compared to each state’s mean vaccination rate. Figure 5 represents the data shown in
Table 5 arranged in quintiles from the 10 states with the highest mean vaccination rate
down to the 10 states with the lowest vaccination rates. For example, the l0 states with
the highest vaccination rate had a mean vaccination rate of 67.3 percent and a mean
reduction in the death rate of 0.153. Those 10 states with the lowest mean vaccination
rate (45.8 percent) experienced a 0.104 reduction in its mean death rate.

4.2 Density variables, density and sdensity

In addition to a state’s population density, a super density (sdensity) variable was
added to the regression tests. Since density is a measure of a state’s population divided
by its total geographical area, it does not capture the impact of those states where
a highly populated metropolitan area, like New York City, exhibits extremely high
density. That impact can be captured by a super density variable where all cities in
the nation with a population of 300,000 or more and had a population density of at
least 10,000 people per square mile were identified and measured as a ratio of each
state’s total population. The resulting ratio, in turn, was multiplied by the density of
the metropolitan areas that met the selection criteria described above. In the structural
form of the model, this super density variable (sdensity) is given by

Sdensityi,t �
n1∑

k�1

pk,i/pi,t ∗ densityi,t

where pk,i is population of the kth city in state i with a population > 300,000 and
density > 10,000 per mile2. ni is number of cities in state i with population > 300,000
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Table 5 A listing of states in rank order of the reduction in Covid deaths as a percentage of each state’s
population

Mean vaccination rate Lives saved as a % of population

1 Vermont 70.9 0.162

2 Rhode Island 70.7 0.161

3 Maine 69.5 0.158

4 Connecticut 69.1 0.158

5 Massachusetts 68.9 0.157

6 New York 65.6 0.150

7 New Jersey 65.3 0.149

8 Maryland 65.1 0.148

9 Hawaii 64.8 0.148

10 Washington 62.6 0.143

11 New Mexico 62.5 0.143

12 Virginia 62.5 0.143

13 New Hampshire 61.2 0.140

14 California 60.9 0.139

15 Colorado 60.6 0.138

16 Oregon 60.5 0.138

17 Minnesota 59.9 0.137

18 Delaware 59.4 0.135

19 Pennsylvania 59.1 0.135

20 Illinois 57.9 0.132

21 Florida 57.2 0.130

22 Wisconsin 57.2 0.130

23 Nebraska 55.3 0.126

24 Iowa 54.5 0.124

25 South Dakota 54 0.123

26 Alaska 53.6 0.122

27 Utah 53 0.121

28 Kansas 52.9 0.121

29 Arizona 52.7 0.120

30 Michigan 52.7 0.120

31 North Carolina 52.5 0.120

32 Nevada 52 0.119

33 Texas 51.9 0.118

34 Ohio 51.1 0.117

35 Kentucky 50.5 0.115

36 Montana 49.8 0.114
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Table 5 (continued)

Mean vaccination rate Lives saved as a % of population

37 Oklahoma 49.1 0.112

38 South Carolina 48.7 0.111

39 West Virginia 48.5 0.111

40 Missouri 48.4 0.110

41 Indiana 48.3 0.110

42 North Dakota 48 0.109

43 Georgia 46.4 0.106

44 Tennessee 46.3 0.106

45 Arkansas 46.2 0.105

46 Louisiana 45.7 0.104

47 Idaho 45.6 0.104

48 Wyoming 44 0.100

49 Mississippi 43.7 0.100

50 Alabama 43.3 0.099

Fig. 5 Mean Reduction in Deaths as a Percent of Mean Population
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and density> 10,000 per mile2. Pi,t is population of state i as of some period t. densityi,t
is density of state i as of some period t.

Although the density and super density variables were highly significant in earlier
tests conducted during the pre-vaccination period from 4/1/20 to 12/1/20 (Doti 2021a),
they were not significant during the 3/10/21 to 12/28/22 period covered in the current
study (See Regression 2, Table 3).

These findings suggest that while COVID hit dense states and highly dense urban
areas particularly hard during the early stages of the pandemic in 2020, that impact
fell away over time and was no longer significant during the time that vaccinations
became available and were being administered.

4.3 Income variables, py and poverty

Because the personal income variable, py, did not pass the p < 0.10 significance test
in Regression 3, Table 3, it was dropped from Regression 4. In sharp contrast, the
poverty rate variable, poverty, was significant in Regression 3–5, Table 3. But it too
was dropped in Regression 6 when the chronic disease variable, chronic, was added
to Regression 6, Table 3. This will be explained in more detail in Sect. 4.6.

4.4 Stringency variable, stringency

The efficacy of a state’s governmental regulations that impose mandates in order to
control the spread of COVID ismeasured by theOxford daily governmental stringency
index (stringency). This index measures the stringency of statewide governmental
mandates on a daily basis using a scale from 1 to 100 for eleven different types
of governmental responses. The index measure used in this study was derived by
calculating an average stringency index from the weekly averages for each state during
the 3/10/21 to 12/28/22 period. The derivation is given by

stringencyi,t �
n∑

w�1

stringencyi, w/ nt

where stringencyi,t is the mean stringency index in state i as of some period t,
stringencyi,w is the stringency index in state i as of a particular week, w, and nt is
the number of weeks during period t.

In a previous study, the stringency variable was found to be highly significant in
reducing COVID death and case rates throughout 2020 and particularly during the
7/1/20 to 12/31/20 period (Doti, 2021a). In fact, of all the variables tested in that
study, stringency was the only explanatory variable during the second half of 2020
that had p < 0.05 or higher level of significance.

In the current study, however, the stringency variable exhibited no significance in
reducing statewide death rates after the age65 variable was added in Regression 5,
Table 3. A possible explanation for the lack of significance of the stringency variable
in reducing COVID deaths during the 3/10/21 to 12/28/22 period is that states, on
average, reduced their use of policy intervention, thereby leading to a sharp decline in
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Fig. 6 Mean weekly stringency for the US

the Oxford stringency score. This can be seen in Fig. 6, which shows the mean weekly
stringency score declined from 42.8 during the 1/8/20 to 3/10/21 period to 20.1 during
the 3/10/21 to 12/28/22 period.

Figure 7 shows that the steady decline in the mean weekly stringency score during
the 3/10/21 to 12/28/22 period occurred during a time when the mean death rate
decreased from 218.0 at the beginning of the period to 50.5 by its end. While that
may explain the accompanying decline in the efficacy of the stringency variable in
reducing death rates during that period, stringency continued its steady decline even
during the periods when the COVID death rate spiked as a result of the Delta and
Omicron outbreaks.

It might be argued that statewide differences in stringency were effective during
the period when the Delta and Omicron surges occurred. To test for that possibility,
the time interval for calculating each state’s mean death rate and mean stringency rate
was changed to that period when death rates increased above 100 and then fell back
below 100. That period is from 8/8/21 to 3/30/22. As shown in Fig. 8, no discernable
relationship appears to exist between mean stringency and death rates during that
period.

That finding is supported in a reestimation of Regression 6, Table 3, over the 8/8/21
to 3/30/22 period (detailed regression results not reported here). The estimated coef-
ficient for stringency continued to be insignificant (t-statistic � − 0.43).

Finally, regression tests were conducted over the 3/10/21 to 7/14/21 period when
the mean stringency rates, while falling, were still above a score of 20 (See Fig. 6).
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Fig. 7 A comparison of stringency and weekly COVID death rates per 100,000 in the U.S. from 3/10/21 to
12/28/22

Fig. 8 Relationship between mean stringency and cumulative COVID death rates by state during the Delta
and Omicron surges (8/8/21 to 3/30/22)
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As in the regression tests over the longer 3/10/21 to 12/28/22 period, the coefficient
for the stringency variable was insignificant (p value � 0.86).

4.5 Age variable, age65

As shown in Fig. 9, more than 75.2 percent of COVID deaths occurred over the age of
65, even though that age cohort represents only 17 percent of the total U.S. population.
It is not surprising, therefore, that the coefficient for the age65 variable in Eq. (2), Table
3was highly significant. The coefficient of 10.76 for the age65 variable in that equation
suggests that a one percent increase in a state’s percentage of its population over the
age of 65 will lead to the 10.76 percent increase in that state’s mean cumulative death
rate.

The importance of including age65 as an explanatory variable can also be seen
in Fig. 11, which reproduces Fig. 4 that shows the relationship between only two
variables—the vaccination rate and death rate. Florida and Maine are highlighted in
Fig. 10. Those two states are the only twowith the age65 variable above 20 percent. It is
likely, therefore, that the relatively high level of unexplained variation for Florida and
Maine from the trendline in Fig. 10 is at least partially explained by a greater proportion
of those state’s populations being vulnerable to the lethal nature of COVID.

Fig. 9 COVID deaths by age cohort as a percentage of all COVID deaths from January 2020 to February
2023
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Fig. 10 Relationship between mean vaccination rates and cumulative COVID death rates by state from
3/10/21 to 12/28/22

4.6 Chronic disease and other health-related variables

The obesity variable was not significant in Regression 6, Table 3. While the drugscore
variable in Regression 6, Table 3 was moderately significant in that regression (p <
0.10), it fell out of significance inRegression 7, Table 3when the racial/ethnic variables
were added to the model.

The chronic variable, however, was highly significant (p < 0.01). Its inclusion
increased the adjusted R-squared value from 0.64 to 0.75. The linear relationship
between COVID death rates and chronic disease is shown in Fig. 11. This measure was
obtained from a self-rated survey conducted by the C.D.C.’s Division of Population
Health from its Behavioral Risk Factor Surveillance System (BRFSS), which “uses
complex sampling designs and weights” in surveying all states for chronic disease risk
factors. (Holt et al., 2015).

The demographic group included in the 2021 survey was resident adults aged ≥ 18
years. This measure is based on self-assessment only and does not include an objective
health component. The numerator for the chronic variable was all respondents, who
self-reported their health status as fair or poor. The denominator included all respon-
dents, excluding those who refused to answer, had a missing answer or answered:
“don’t know/not sure.” (Holt et al., 2015).

Table 6 includes the percentage of those who responded as having “fair or poor”
health in alpha order and rank order by state. It might be argued that the self-reporting
during the survey year of 2021 is potentially biased since the respondents might have
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Fig. 11 Relationship between chronic disease and cumulative COVID death rates by state from 3/10/21 to
12/28/22

been inclined to report their health status as fair or poor if they recently experienced a
coronavirus infection. The data, however, do not support that view. The average mean
score of 14.2 for the chronic variable for the 2021 survey year, as well as that for the
COVID year of 2020 survey of 12.4, were both lower than the mean chronic scores
of 17.3, 16.5 and 17.3 for the 2017, 2018 and 2019 surveys, respectively. (Source:
C.D.C. U.S. Chronic Disease Indicators).

Figure 12 reproduces Fig. 4, that shows the relationship between the vaccination
rate and death rate. Notice that Oklahoma, West Virginia, and Kentucky deviated
sharply from the trendline. A major reason for being statistical outliers in Fig. 12 is
likely related to their high percentage of chronic disease, as reported in the C.D.C.
survey. That survey, as shown in Table 6, showed that Kentucky ranked #1 in chronic
disease, with West Virginia at #3 and Oklahoma at #6.

More importantly, the regression shown in Table 3 points to a clearer explanation
of causality in explaining COVID mortality. When a poverty variable was added in
Regression 3, Table 3, the coefficient for the vaccination variable, vr, declined sharply
from − 4.32 to − 2.15, with the poverty variable showing significance at the 0.01
level. But when the chronic disease variable, chronic, was added in Regression 6,
Table 3, the poverty variable was no longer significant, while the chronic variable was
significant at the 0.01 level.

These empirical results suggest that poverty and chronic disease are highly corre-
lated as reflected by a correlation coefficient of 0.62 (p < 0.01) as well as the scatter
diagram shown in Fig. 13.
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Table 6 Fair or poor self-rated health status among adults aged ≥ 18 years 2021 Data

Alpha Order by state % of adults with fair or
poor self-rated health
status

Alpha Order by state % of adults with fair or
poor self-rated health
status from highest to
lowest

1 Alabama 17.8 1 Kentucky 21.1

2 Alaska 14.3 2 Mississippi 20.9

3 Arizona 15.7 3 West Virginia 20.7

4 Arkansas 20.4 4 Arkansas 20.4

5 California 15.8 5 Louisiana 19.3

6 Colorado 12.8 6 Oklahoma 19.2

7 Connecticut 11.8 7 Tennessee 18.4

8 Delaware 14.0 8 New Mexico 18.1

9 Florida 14.2 9 Texas 17.9

10 Georgia 17.6 10 Alabama 17.8

11 Hawaii 11.2 11 Nevada 17.8

12 Idaho 13.0 12 Georgia 17.6

13 Illinois 14.4 13 Missouri 16.4

14 Indiana 16.1 14 Indiana 16.1

15 Iowa 12.5 15 South
Carolina

16.1

16 Kansas 14.2 16 Ohio 15.9

17 Kentucky 21.1 17 California 15.8

18 Louisiana 19.3 18 Arizona 15.7

19 Maine 13.7 19 Michigan 15.2

20 Maryland 13.1 20 Pennsylvania 14.7

21 Massachusetts 11.4 21 Illinois 14.4

22 Michigan 15.2 22 North
Carolina

14.4

23 Minnesota 11.7 23 Alaska 14.3

24 Mississippi 20.9 24 Florida 14.2

25 Missouri 16.4 25 Kansas 14.2

26 Montana 13.7 26 Oregon 14.2

27 Nebraska 13.3 27 Virginia 14.2

28 Nevada 17.8 28 Delaware 14.0

29 New
Hampshire

11.2 29 New Jersey 14.0

30 New Jersey 14.0 30 New York 13.9

31 New Mexico 18.1 31 Washington 13.8

32 New York 13.9 32 Maine 13.7
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Table 6 (continued)

Alpha Order by state % of adults with fair or
poor self-rated health
status

Alpha Order by state % of adults with fair or
poor self-rated health
status from highest to
lowest

33 North
Carolina

14.4 33 Montana 13.7

34 North Dakota 12.5 34 Nebraska 13.3

35 Ohio 15.9 35 Rhode Island 13.2

36 Oklahoma 19.2 36 Maryland 13.1

37 Oregon 14.2 37 Idaho 13.0

38 Pennsylvania 14.7 38 South Dakota 12.9

39 Rhode Island 13.2 39 Wyoming 12.9

40 South
Carolina

16.1 40 Colorado 12.8

41 South Dakota 12.9 41 Wisconsin 12.7

42 Tennessee 18.4 42 Utah 12.6

43 Texas 17.9 43 Iowa 12.5

44 Utah 12.6 44 North Dakota 12.5

45 Vermont 11.3 45 Connecticut 11.8

46 Virginia 14.2 46 Minnesota 11.7

47 Washington 13.8 47 Massachusetts 11.4

48 West Virginia 20.7 48 Vermont 11.3

49 Wisconsin 12.7 49 Hawaii 11.2

50 Wyoming 12.9 50 New
Hampshire

11.2

United States 14.2 Unites States 14.2

Source: https://chronicdata.cdc.gov/Chronic-Disease-Indicators/U-S-Chronic-Disease-Indicators-Overar
ching-Conditi/7nzt-5wft

Since the chronic disease variable displaces the poverty variable in the regression
results shown in Table 3, it appears that the line of causality is as follows:

Higher Poverty → More Chronic Disease → More COVID Deaths.
While poverty might serve as a proxy for chronic disease, these empirical findings

suggest that the direct impact of chronic disease onCOVIDmortality ismore predictive
than the indirect effect of poverty in explaining COVID mortality.

In a study by Robert Barro, the state lifespan in 2018 was used as an explanatory
variable in his first-stage regression tests. Given the high correlation between chronic
disease and lifespans across state, as shown in Fig. 14, it might be thought that
lifespans can serve as a useful proxy for chronic disease. This, however, is not the
case. When that lifespan variable was substituted in the present study in place of
chronic disease in Regression 8, Table 3, the adjusted R2 value fell from 0.77 to 0.63.
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Fig. 12 Relationship between Mean Vaccination Rates and Cumulative COVID Death Rates by State from
3/10/21 to 12/28/22

Fig. 13 Relationship between Poverty Rates and Chronic Disease Rates
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Fig. 14 Relationship between Chronic Disease and Lifespans

The measured t statistic for the life span variable was -3.31 as compared to 7.04 for
the chronic disease variable.

These findings point to the critical importance of using a chronic disease variable
in any regression tests across states. Excluding the direct impact of chronic disease
in explaining COVID deaths will bias upwards the efficacy of COVID vaccinations
in reducing death rates. The reason for this is that states with lower vaccination rates
also tend to have higher rates of chronic disease. That means the exclusion of chronic
disease from the equation will incorrectly lead to a higher estimated number of lives
saved from COVID vaccinations. In reality, when vaccination rates are low, many of
the deaths in a state occur not necessarily because of the low rates of vaccination but
because that state has a higher rate of chronic disease. Similarly, states with relatively
higher rates of vaccination tend to have lower rates of chronic disease. As a result,
estimates of lives saved in a state because of a higher rate of vaccination will tend
to attribute the lower death rate in that state exclusively to its higher vaccination rate
when, in fact, a significant portion of that lower death rate is due to lower rates of
chronic disease.

It should be noted that the estimated lives saved, as calculated in Table 4, were based
on the estimated coefficient of− 2.28 (see Column 4, Table 3). If the chronic disease is
not held constant as a regressor, the estimated coefficient for the vaccination ratewould
be− 4.32. Using that coefficient instead of− 2.28 would result in an inflated estimate
of 809,000 lives saved instead of the 427,000 estimate in this study, as shown inTable 4.
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4.7 Racial/Ethnic Variables, afram, asian, hispan, and ai/an

The only racial/ethnic variable that exhibited significance (p < 0.01) was for American
Indians/Alaska Natives (ai/an). As shown in Regression 7, Table 3, the coefficient for
ai/an was 2.39, which suggests that a one percent increase in ai/an in a state leads, on
average, to a 2.39 percent increase in that state’s mean cumulative COVID death rate
over the 3/10/21 to 12/28/22 period.

The fact that the ai/an variable is such a significant explanatory variable is notewor-
thy, given the relatively low percentages of ai/an in most states. For example, 40 states
have ai/an percentages within a very low range of 0.15 to 1.28 percent. These low per-
centages present analytic challenges in making statistical inferences about statewide
differences in ai/an in regression modeling.

In spite of these challenges, the high degree of significance of the ai/an variable in
Regression 8, Table 3 attests to the serious health challenges faced by the American
Indian community. As stated in C.D.C.’s Morbidity and Mortality Weekly Report,
comparedwith other racial/ethnic groups,American Indians/AlaskanNatives (AI/AN)
have a lower life expectancy, lower quality of life and are disproportionately affected by
many chronic conditions (Adakai et al., 2018). The health challenges facing American
Indians are perhaps best reflected by the fact that, on average, American Indians die
12–13 years earlier than White Americans. (Gorzig et al., 2022).

Factors that help explain the health disparities for American Indians include low
income, low educational attainment rates, health access, and higher crime, pollution,
and injury rates. (https://www.cdc.gov/healthequity/whatis/index.html).

5 Conclusion

Much controversy has arisen over the efficacy of COVID vaccinations and the efforts
taken or not taken by state governments to increase their mean vaccination rates. In
spite of this, no academic papers have been published that directly examine statewide
differences in vaccination rates while holding constant the impact of chronic disease.
This study hopes to fill the gap by presenting a regression test that measures the
hypothesized impact of vaccinations while holding chronic disease and other explana-
tory variables on each state’s COVID death rate.

The empirical findings presented in Table 3 show that the vaccination rate, the
percentage of people over age 65, the percentage of people with chronic disease, and
the percentage of American Indian/Natives, are all significant at the p < 0.01 (one-
tailed) level or higher and have the hypothesized signs of association.

On average, the regression findings suggest that a state’s COVID death rate changes
by − 2.28 deaths per 100,000 in a state’s population for every increase of one percent
in a state’s vaccination rate. That value, coupled with each state’s mean vaccination
rate over the 3/10/21 to 12/28/22 period, makes it possible to estimate the reduction
in each state’s COVID death rate. The resulting reduction in each state’s death rate
because of vaccinations can be used to solve each state’s reduction in the number
of COVID deaths. As shown in Table 4, the regression findings suggest that COVID
vaccinations led to a reduction of about 427,000 COVID deaths. Since the actual
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number of COVID deaths during the 3/10/21 to 12/28/22 period was 577,000, the
estimated reduction of 427,000 COVID deaths during that same period suggests that
COVIDdeathswould have reached about 1million hadvaccinations not been available.
Similarly, the nation’s COVID death rate is estimated to have declined from 0.301
deaths as a percent of the nation’s population to 0.173 because of vaccinations.

The regression findings also suggest that at least over the 3/10/21 to 12/28/22 period,
variables representing state population density, income, and stringency were not found
to be significant in explaining COVID death rates.

The percentage of a state’s population over the age of 65, age65, was highly signifi-
cant in explaining statewide differences in COVID death rate. Specifically, Regression
8, Table3, suggests that an increase of one percent in the percentage of people over
the age of 65 in state leads to a 10.76 increase in that state’s COVID death rate.

The only health-related variable that proved to be significant was one that measured
the percentage of people in a state who self-reported as suffering from chronic disease.
That chronic disease variable was highly significant and suggested a one percent
increase leads to an 11.97 percent decrease in a state’s COVID death rate. It was shown
that the direct effect of chronic disease in determining COVID death rates across states
is a more accurate regressor than indirect proxies of health such as poverty rates or
lifespans across states.

Of the four racial/ethnic variables tested, only the American Indian/Native variable
was significant. This empirical finding points to the serious health challenges facing
American Indians.

This empirical study focused on the benefits of COVID vaccinations in reducing
COVID death rates. Future research should extend these findings to measure the costs
of vaccinations in order to derive a broader analysis of the relevant costs as well as
benefits.

Acknowledgements The author is grateful for the feedback provided by my Chapman colleagues, Lynne
Doti, Fadel Lawandy, Raymond Sfeir, and Vernon Smith. The excellent research assistance of my associate,
Dorothy Farol, and research assistant, Laura Neis, and students is also gratefully acknowledged. I also wish
to express appreciation for the financial support provided by the Robert Day Endowment for Research in
Economic Analysis. I, of course, accept full responsibility for any errors.

Author contributions JLD wrote the main manuscript and prepared all the figures and tables. The author
reviewed the manuscript.

Funding Open access funding provided by SCELC, Statewide California Electronic Library Consortium.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission

123



The impact of vaccinations and chronic disease on COVID death rates 269

directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/
by/4.0/.

References

Adakai, M., Sandoval-Rosario, M., Xu, F., Manygoats, T., Allison, M., Greenlund, K., & Barbour, K.
(2018). Health Disparities Among American Indians/Alaska Natives – Arizona, 2017.Morbidity and
Mortality Weekly Report. https://doi.org/10.15585/mmwr.mm6747a4

Barro, R. (2022). Vaccination rates and COVID outcomes across US states. Economics & Human Biology,
47(2022), 101201. https://doi.org/10.1016/j.ehb.2022.101201

Bilinski, A., Thompson, K., Emmanuel, E. (2023). COVID-19 and excess all-cause mortality in the US
and 20 comparison countries. DOI: https://doi.org/10.1001/jama.2022.21795 https://pubmed.ncbi.
nlm.nih.gov/36399335/. Accessed 3 June 2021

Brotherhood, L., Kircher, P., Santos, C., &Tertilt,M. (2020). An economicmodel of the Covid-19 epidemic:
the importance of testing and age-specific policies. CESifo Working Paper No. 8316, Available at
SSRN: https://ssrn.com/abstract=3618840

Centers for disease control and prevention (CDC). (2021). COVID-19 Vaccinations in the United
States. https://data.cdc.gov/Vaccinations/COVID-19-Vaccinations-in-the-United-States-Jurisdi/unsk-
b7fc/data

Centers for Disease Control and Prevention (C.D.C.). What is health equity? https://www.cdc.gov/healtheq
uity/whatis/index.html#print

Doti, J. (2021a). Benefit-cost Analysis of COVID-19 Policy intervention at the state and national level.
Available at covid economics. https://cepr.org/content/covid-economics. Accessed 67 Feb 2021a

Doti, J. (2021b). Examining the impact of socioeconomic variables on COVID-19 death rates at the state
level. Journal of Bioeconomics. https://doi.org/10.1007/s10818-021-09309-9.pdf

Gorzig,M., Feir, D. L., Akee, R.,Myers, S., Jr., Navid,M., Tiede, K., &Matzke, O. (2022). NativeAmerican
age at death in the USA. Journal of Economics, Race, and Policy. https://doi.org/10.1007/s41996-021-
00095-0

Holt, J., Huston, S., Khosrow, M. A., Schwartz, R., Gollman, C., Tran, A., Bryan, L., Liu, Y., & Croft,
J. (2015). Indicators for chronic disease surveillance – United States, 2013. Morbidity and Mortality
Weekly Report, 64, 1–15.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15585/mmwr.mm6747a4
https://doi.org/10.1016/j.ehb.2022.101201
https://doi.org/10.1001/jama.2022.21795
https://pubmed.ncbi.nlm.nih.gov/36399335/
https://ssrn.com/abstract=3618840
https://data.cdc.gov/Vaccinations/COVID-19-Vaccinations-in-the-United-States-Jurisdi/unsk-b7fc/data
https://www.cdc.gov/healthequity/whatis/index.html#print
https://cepr.org/content/covid-economics
https://doi.org/10.1007/s10818-021-09309-9.pdf
https://doi.org/10.1007/s41996-021-00095-0

	The impact of vaccinations and chronic disease on COVID death rates
	Abstract
	1 Introduction
	2 Theoretical model
	3 Empirical model
	4 Impact of vaccination and other variables on COVID-19 death rates
	4.1 Vaccination variable, vaccine
	4.2 Density variables, density and sdensity
	4.3 Income variables, py and poverty
	4.4 Stringency variable, stringency
	4.5 Age variable, age65
	4.6 Chronic disease and other health-related variables
	4.7 Racial/Ethnic Variables, afram, asian, hispan, and ai/an

	5 Conclusion
	Acknowledgements
	References




