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Abstract The coronavirus epidemic in Italy has strained hospital resources, including ICU beds and
ventilators for those experiencing acute respiratory failure. Studies of COVID-19 in China [1], Italy [2], and
the United States [3] show that fatality rates increase rapidly with age, especially beyond age 60. The
same studies and others also show that fatalities increase substantially with comorbidity factors, such as
heart disease, hypertension, diabetes, stroke, and liver disease [1, 4, 5]. These morbidity factors are
known to increase rapidly with age [6, 7, 8]. This paper demonstrates that once we control for comorbidity
factors, age has a minor effect on COVID-19 mortality. Among the elderly the higher incidence of heart
disease, diabetes, hypertension, and other comorbidity factors lead to their increased mortality form
COVID-19. The distinction is an important one for the critical triage decisions that are required now. If it
is the comorbidity factors that lead to death with COVID-19 patients and not age, then triage will be more

effective if healthy elderly people are provided with treatment, since their chances of survival are good.
Introduction

We examine 94,312 cases of COVID-19 and 10,026 deaths from COVID-19 in Italy through March 30, 2020.
Based on estimates of the prevalence of comorbidity factors in Italy by age group and on the frequency
of COVID-19 cases and mortality rates for age groups from [8], we estimate the percentage of patients
with and without morbidity factor that would be expected to die, first assuming that those with and
without comorbidity factors are equally likely to die. Subsequently, we use a maximum likelihood
estimate to get mortality probabilities for people in each age group, with and without comorbidity

conditions. COVID-19 patients with comorbidity conditions are 13.8 times as likely to die than those

1 Steven Gjerstad, PhD, Economic Science Institute, Chapman University, 1 University Drive, Orange, California,
92866 USA
E-mail: gjerstad@chapman.edu; Tel: 714-628-7282

2 Andrea Molle, PhD, Institute for the Study of Religion, Economics and Society, Chapman University, Orange,

California, 92866 USA


mailto:gjerstad@chapman.edu

without a comorbidity condition. For example, an Italian COVID-19 patient between 70 and 79 years old
with no comorbidity factor has about a 1.8% chance of death, whereas a 70 to 79 year-old patient with a

comorbidity condition has a 25.1% chance of death.

Triage decisions based on patient age do not account for the large differences between the prognosis for
patients with and without morbidity factors. As medical resources become strained during the epidemic,
it will be important to take account of the probabilities of survival for patients with different medical

histories.
Analysis

Table 1 in [4] shows that 51.7% of the fatal cases of COVID-19 in Italy through March 30 had 3 or more of
the comorbidity factors. Another 24.5% had 2 of these factors, and 21.6% had one factor. Only 2.1% had
no factor. This last statistic is important. If age alone were an independent factor that leads to high
mortality, then —we will demonstrate in this paper —there would be many more deaths among those who
are elderly but otherwise healthy. In other words, the 2.1% frequency of no comorbidity factors among
the deceased would be approximately 22.4% if a patient with no comorbidity condition was as likely to

die as a patient with 1 or more comorbidity condition.

Tabella 1 in [9] shows that 17,464 of 94,312 COVID-19 cases in Italy through 4 p.m. on 30 March were
among people age 70 to 79. From Tavola 7 in [8], we can infer that close to 25% of those people have
none of the comorbidity conditions, so we estimate that there are 4,366 healthy people between 70 and
79 who were among the COVID-19 cases. We take death rates for the age groups from Tabella 1 in [9].
We consider the hypothesis that healthy people in each age group are as likely to die as those with 1 or
more comorbidity condition. This hypothesis will lead us to the conclusion that there should be
approximately 13.8 times as many people with no comorbidity factors as the number that are shown in

Table 1in [4].

If healthy people between the ages of 70 and 79 are as susceptible to death from COVID-19 as those in
their age group who have comorbidity conditions, then their death rate should be 17.79%, like their age
group. Our estimate of 4,366 healthy people between 70 and 79 times this death rate produces an
estimate of 864 deceased healthy people between 70 and 79 years old. Now we repeat this analysis for
the remaining age groups and fill out Table 1. We estimate that across all age groups, if the healthy and
the unhealthy are as likely to die, there would be 2,286 deceased healthy victims of COVID-19 for the data
through March 30.



Table 1: Column E shows the percentage of the 94,312 total cases that would be healthy people
(i.e., no comorbidity factor) in their age group and would die from COVID-19.

A B C D E
Estimated Estimated
Number of Death rate from | contribution of
Age % . number of
group healthy cases in healthy in age COVID-19 for healthy to
age group age group death total
group (C=AxB) (E=CxD)
80+ 15% 17,759 2,664 27.72% 738
70-79 25% 17,464 4,366 19.79% 864
60 — 69 36% 16,395 5,902 7.09% 418
50-59 50% 18,678 9,339 1.98% 185
40-49 70% 12,084 8,459 0.74% 63
30-39 79% 6,523 5,153 0.31% 16
20-29 81% 3,830 3,102 0.05% 2
0-19 90% 1,355 1,220 0.00% 0
TOTALS 94,312 40,205 2,286

We now carry out a similar calculation in Table 2, but we consider here those people who have one or
more comorbidity factor. This calculation estimates that there would be 7,737 people with one or more

comorbidity factor who died by March 30.

Table 2: Column E shows the percentage of the 94,312 cases in each age group that would die
who have one or more comorbidity factor.

A B C D E
% with at Unhealthy in Death rate Contribution of
Age least one Age group | agegroupas % | from COVID-19 | unhealthy to

group comorbidity % of cases of all cases for age group death total

(C=AxB) (E=CxD)
80+ 85% 17,759 15,095 27.72% 4,184
70-79 75% 17,464 13,098 19.79% 2,592
60 — 69 64% 16,395 10,493 7.09% 744
50-59 50% 18,678 9,339 1.98% 185
40-49 30% 12,084 3,625 0.74% 27
30-39 21% 6,523 1,370 0.31% 4
20-29 19% 3,830 728 0.05% 0
0-19 10% 1,355 135 0.00% 0
TOTAL 94,312 53,883 7,737




As a check, total predicted deaths are 10,023. The total number of deaths from Tabella 1 in [9] where we

get our total number of cases and our lethality factors for age groups (Column D) is 10,026.3

Our hypothesis that healthy people in each age group have the same probability of dying from COVID-19
leads us to the conclusion that of our estimated 10,023 deceased, 2,286 or 22.8% should have no
comorbidity factor. Yet Table 1 in [4] shows that among “patients dying in-hospital for whom it was
possible to analyse clinic charts” only 2.09% had no comorbidity factor. Consequently, the hypothesis
that the probability of dying is the same for all people in an age group regardless of their comorbidity
factors leads to the conclusion that there would be about 13.8 times as many deaths among those with

no comorbidity factor than what we see in the sample of deceased persons in Table 1 in [4].

This analysis can be augmented by assuming different probabilities of mortality for those with and without
comorbidity factors. If we multiply every element in Column D in Table 1 by 0.092 we would get 210
deaths among those with no comorbidity factor. If we multiple every element in Column D, Table 2 by
1.2684 we would get 9,813 deaths among those with one or more comorbidity factor. We would then
have 210/10,023 = 2.09% of the deceased having no comorbidity factor, which matches the percentage
of the deceased with no comorbidity factor in Table 1 in [4]. Thus the best estimate of the probabilities
of death for age groups and comorbidity status are those in Table 3.

Table 3: These mortality probabilities produce fatalities in each age group that match total
fatalities and match the frequency of comorbidities found in Tabella 1 in [4].

20-29 30-39 40-49 50-59 60— 69 70-79 80+
No comorbidity factor 0.0% 0.0% 0.1% 0.2% 0.7% 1.8% 2.6%
One or more factor 0.1% 0.4% 0.9% 2.5% 9.0% 25.1% 35.2%

From this we conclude that age is most likely only a moderate factor leading to COVID-19 mortality. Of
course, healthy elderly patients are not dying in large numbers from COVID-19, so triage decisions that
ignore the elderly healthy are not likely to lead to large numbers of deaths within this group. These
patients are likely to recover, but they are likely to recover more quickly and with less physical damage if

they are provided treatment. They also are unlikely to require critical care for much longer than a healthy

3 The split between those with and without comorbidity conditions comes from tables of chronic pathologies in [8].
The difference between the number of predicted deaths and the actual deaths arises from any difference between
the survey in the population and the characteristics of the population of people who contracted COVID-19. These
differ by about 0.03%, which suggests that the surveys are good and the people who contract COVID-19 are quite
representative of the population.



young person, since like the healthy young, they are recovering. For these reasons, we believe that triage

decisions should be made without regard to a patient’s age.
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