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Abstract

A novel coronavirus, SARS-CoV-2, emerged in December 2019, leading within a few months to a global pandemic. COVID-19, the disease 
caused by this highly contagious virus, can have serious health consequences, though risks of complications are highly age-dependent. Rates 
of hospitalization and death are less than 0.1% in children, but increase to 10% or more in older people. Moreover, at all ages, men are more 
likely than women to suffer serious consequences from COVID-19. These patterns are familiar to the geroscience community. The effects of age 
and sex on mortality rates from COVID-19 mirror the effects of aging on almost all major causes of mortality. These similarities are explored 
here, and underscore the need to consider the role of basic biological mechanisms of aging on potential treatment and outcomes of COVID-19.
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In December 2019, a new coronavirus, now known as SARS-CoV-2, 
emerged in Wuhan, China. This highly infectious virus leads to 
Coronavirus Disease 2019, or COVID-19, and has given rise to a 
global pandemic. As of April 28, 2020, there had been over 2M con-
firmed cases, and over 200,000 deaths due to the disease (1).

The COVID-19 pandemic is unlike anything we have experienced 
in our lives, but there are some patterns to this catastrophic disease that 
are very familiar to those engaged in aging research. Epidemiological 
analysis of cases and fatalities has identified numerous risk factors 
both for mortality from complications arising from COVID-19. 
Specifically, the risk of serious complications and mortality increases 
dramatically at later ages (2–4), and is higher in males than in females 
at all ages (2,4). As a recent editorial in this journal noted, COVID-19 
could be considered a disease of older people (5).

The effect of age on risk of death due to COVID-19 increases 
exponentially with age. Case fatality rates (the risk of dying among 
those diagnosed with COVID-19) are on the order of 0.1% (1 in 
1,000) in children, but as high as 14.8% in older individuals in 
China (3) and even higher in older Italians (4) and Americans (6). 
This striking increase—over 100-fold—in risk over the life span, and 
the fact that men are more likely than women to die of COVID-19, 
has caught the attention of the public.

To fully understand the implications of these patterns of in-
creased risk with age and in men versus women, we need to place 

them in the context of how age and sex affect the risk of chronic 
diseases. It has long been known not only that the risk of dying in-
creases exponentially over the course of adult life, but also that this 
exponential increase holds for individual causes of death (7). We also 
observe a male bias in total mortality rates (8), and in death due to 
specific diseases (9).

In this note, I consider age and sex as epidemiological risk factors 
for COVID-19 in the context of other age-specific diseases, and sug-
gest some insights that we might gain from this comparison.

Materials and Methods

COVID-19 Infection and Mortality
Data on COVID-19 cases and deaths were obtained for outbreaks in 
China (3), Italy (4), and New York City (10). The data for Italy pro-
vided estimates for case fatality rates (CFR). Chinese data included 
corrections for several biases to provide a more accurate estimate of 
“Infection Fatality Ratio” (IFR). New York City (10) provides meas-
ures in terms of deaths per 100,000 in the population, which measures 
the risk of dying of COVID-19 for anyone in a particular age class, 
regardless of infection status. Age classes for Italy and China were cal-
culated in 10-year intervals. In the plots for these sources, age shown 
is the youngest age in the interval. For New York City, there are fewer, 
larger age classes. For these data, death rates are plotted as a function 
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of the mean age within each age class (eg, for age 0–17 years, the age 
shown is 8.5 years).

Age-Specific Disease Mortality Rates
Information on age- and sex-specific death rates (per 100,000 popu-
lation in specified group) for the United States were obtained from 
the CDC’s 2017 National Vital Statistics Report (11). Death rates 
are typically averaged across 5-year intervals, and in the plots, age 
shown is the youngest age in the interval.

Data Analysis
All data analysis was carried out using the R statistical package. 
Mortality rate doubling time (MRDT) is calculated as the time in 
years (Δx) that it would take for a mortality rate at age x, µx, to 
double, such that µx+Δx = 2µx. Adult mortality rates increase expo-
nentially with age, following a Gompertz trajectory, µx = αeβx, so on 
a semi-log plot of log10(mortality) versus age, where the intercept 
is given by log(α), and the slope is equal to β, we can calculate the 
MRDT as Δx = log10 (2)/β. The 95% confidence intervals for MRDT 
are provided as direct derivations of the confidence intervals for β, 
determined using the confint function in R.

To calculate β, we used the lm function in R to fit least-squares 
regression lines to plots of log10(mortality) versus age over the range 
of mid-adult life (ages 20–70 years), during which time we see con-
sistently linear patterns of log-transformed mortality versus age. 
Where fitted lines are shown, they are drawn over the range of ages 
that were used in the regression model.

Results

Age-Specific Mortality Rates
COVID-19 fatality rates, whether calculated on a per-case basis 
(CFR in Italy, IFR in China), or in terms of deaths per 100,000 in 
the population (for New York City), all exhibit a clear pattern of ex-
ponential increase with age (Figure 1), for both males and females. 
We also observe male-biased mortality at all ages, a pattern that is 
clearly seen when CFR is plotted on a semi-log scale (Figure 1B). The 
pattern of age-related severity in outcomes of COVID-19 is mirrored 
in the overall mortality rate as a function of age. As previous studies 
have shown, CDC vital rate data (11) show an exponential increase 
with age for all-cause and cause-specific mortality (Figure 2).

COVID-19 and Other Sources of Mortality
Over the range of ages for which we calculate the slopes of log10(CFR) 
versus age, we see a consistently strong linear relationship, with R2 ≥ 
0.98 (Figure 1B and D). For all-cause mortality, mortality rates in the 
United States appear to double approximately every 9 years (Figure 2). 
For the subset of age-related causes of mortality shown in Figure 2, we 
see MRDTs in years from a range of 4.7 (for chronic obstructive pul-
monary disease [COPD], 95% confidence interval [CI] = 4.5–5.0) to 
7.1 (for diabetes, 95% CI = 6.7–7.5). For COVID-19 CFR, MRDTs 
were found to be 6.6 (Italian females, 95% CI = 5.6–7.9), 7.3 (Italian 
males, 95% CI = 6.8–7.9), and 6.9 (China, 95% CI = 6.1–7.8). The 
New York data, calculated as death rate per 100,000, exhibit a shal-
lower slope, leading to a doubling time of 9 years.

Sex Differences
For all major causes of mortality, males tend to have a higher risk 
of dying at all ages (Figure 3). This pattern is seen for risk of death 

from COVID-19, and the scale of difference between sexes is con-
sistent with that seen for more common causes of mortality. The 
Y axis in Figure 3A and B shows log-transformed mortality, with 
tick marks separating 10-fold differences. Thus, although Figure 3A 
shows deaths per 100,000 individuals, and Figure 3B shows CFR, an 
equal distance between males and females at a given age would sug-
gest an equally increased risk for males. The data from Italy show a 
clear male bias in CFR at all ages above 30, with CFR between 1.7 
and 2.6 times greater in males than in females. Although the bias is 
seen at all ages, there appears to be a reduction in the relative risk 
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Figure 1. Age-related risk of death from COVID-19. (A) Case fatality rate for 
COVID-19 in China and Italy, plotted on an absolute scale. (B) Case fatality 
rate for COVID-19 in China and Italy, plotted on a log10 scale. Straight lines 
represent fitted values from least-squares fitted regression from ages 20–70. 
(C) Deaths per 100,000 from COVID-19 in New York City plotted on an absolute 
scale. (D) Deaths per 100,000 from COVID-19 in New York City plotted on a 
log10 scale. The straight line is the fitted linear regression.
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Figure 2. Age-related risk of mortality from multiple causes. (A) Deaths per 
100,000 from specific causes, as well as all-cause mortality, for both sexes in 
the United States, 2017. (B) Deaths per 100,000 from specific causes and all-
cause mortality, plotted on a log10 scale. The numbers in the legend refer to 
the mortality rate doubling time (MRDT). The dotted line is deaths per 100,000 
from COVID-19 in New York City. The New York City MRDT = 9.0 years (95% 
confidence interval [CI] = 6.6–13.9). For specific causes of mortality, MRDT 
95% CI: all causes (8.6–9.1); heart disease (6.4–7.6); malignant neoplasms 
(5.7–7.0); Chronic obstructive pulmonary disease (COPD) (4.5–5.0); diabetes 
(6.7–7.5); and kidney disease (6.4–6.7).
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for males at later ages. The degree of male bias appears comparable 
to what we see for heart disease, but greater than that seen for death 
due to diabetes, or combined influenza and pneumonia (Figure 3A).

Discussion

Scientists (2,3,12) and the popular press have made much of the fact 
that age is the greatest risk factor for COVID-19. The dynamics of 
age-specific mortality, including both the exponential increase with 
age and the similar doubling times, as well as the sex-bias in mor-
tality seen for COVID-19, mirror other major causes of mortality.

A possible explanation for this age-related increase in risk of mor-
tality could be the age-related decline in immune and inflammatory 
responses, which can lead, in turn, to a cytokine storm (13). This is a 
likely contributing factor, given that in general, age leads to a decline 
in adaptive immune function, and an increase in proinflammatory 
activity (14). However, this is unlikely to be the complete story, for 
at least two reasons: First, virtually all physiological systems and 
cellular processes decline with age, not limited to immune and in-
flammatory pathways (15), and second, there is a diversity of pre-
existing conditions that appear to increase the risk of COVID-19, 
including hypertension, coronary heart disease, diabetes (16), and 
likely high body mass index (17). As people age, the average number 
of comorbid conditions steadily increases, and the greater the number 
of comorbid conditions, the lower the life expectancy (18).

The geroscience concept holds that treatments that target the 
underlying molecular pathways of aging biology that shape this 
physiological decline could, in turn, decrease risk for many different 
age-related diseases and improve outcomes in those that succumb 
to disease (19,20). In light of the coronavirus pandemic, researchers 
have also suggested that putative ‘geroprotective’ treatments, such as 
rapamycin or senolytics, might be used to treat or prevent COVID-19 
(21,22). For example, it would be of great interest to understand the 
role of widely-known aging-related molecular pathways—mTOR 
signaling, IIS signaling, cell senescence—in the response to corona-
virus infection and recovery from COVID-19. Geroscience has seen 
major strategic advances for the discovery of treatments to increase 
health span in laboratory organisms (23), and there is some evidence 
for the efficacy of longevity-derived interventions in treating acute 
symptoms of age-related disease at least in the lab (24,25). There 
can be no doubt as to the interaction of aging biology and COVID-
19 mortality, and its seems likely that a better understanding of this 
relationship would inform not only the biology of viral susceptibility 
and progression to life-threatening outcomes, but also how aging 

creates a pernicious environment that augments the negative conse-
quence of viral load.
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(red). (B) Age-specific case fatality rate for COVID-19 for men (blue) and 
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