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Extrapolation of mortality in COVID-19: Exploring the role of age, sex,
co-morbidities and health-care related occupation
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Abstract

We used a publicly available data of 44,672 patients reported
by China’s centre for disease control to study the role of age, sex,
co-morbidities and health-care related occupation on COVID-19
mortality. The data is in the form of absolute numbers and propor-
tions. Using the percentages, retrospective synthetic data of 100
survivors and 100 deaths were generated using random number
libraries so that proportions of ages, genders, co-morbidities, and
occupations were constant as in the original data. Logistic regres-
sion of the four predictor factors of age, sex, co-morbidities and
occupation revealed that only age and comorbidities significantly
affected mortality. Sex and occupation when adjusted for other
factors in the equation were not significant predictors of mortality.
Age and presence of co-morbidities correlated negatively with
survival with co-efficient of -1.23 and -2.33 respectively. Odds
ratio (OR) for dying from COVID-19 for every 10-year increase
in age was 3.4 compared to the previous band of 10 years. OR for
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dying of COVID-19 was 10.3 for presence of any of the co-mor-
bidities. Our findings could help in triaging the patients in emer-
gency room and emphasize the need to protect elderly and those
with comorbidities from getting exposed.

Introduction

COVID-19 pandemic is raging across the world peaking in one
nation after another. It is happening in the digital era with almost
real time updates from across the world. Despite this unique advan-
tage of ease of information sharing, yet no anonymised dataset of
individual patients has been released in the public domain for
research or tailoring of responses or application of artificial intelli-
gence to generate models to predict the outcomes.

Generating and learning from own country’s data is not a lux-
ury at present as healthcare systems have been known to be over-
whelmed even in first world countries. Hence, we had to resort to
extrapolation of data from a publicly available data of 44,672
patients reported by China’s centre for disease control. This
dataset included information of survivors and deaths along with
proportion of age, sex, occupation and comorbidities [1].

Although the general directions of age and co-morbidities
with respect to COVID-19 mortality are known, the strength of
association have not been elucidated to the best of our knowledge
and are pertinent for policy making and building effective
responses.

Materials and Methods

Data of 44,672 patients of whom there were 1023 deaths has
been released in the public domain by China’s Centre for Disease
Control with details on age groups, gender, co-morbidities, and
occupations under creative commons license. The data are in the
form of absolute numbers and proportions. Using the percentages,
retrospective synthetic data of 100 survivors and 100 deaths were
generated using random number libraries so that proportions of
ages, genders, co-morbidities, and occupations were constant as in
the original data.

Logistic regression was performed on the dataset using ages,
genders, co-morbidities and occupation as predictor variables in
relation to outcome of survival or death. Backward elimination of
predictor variables was done removing the variables with p-value
>0.05 till we were left with variables having a significant p-value
(<0.05). Odd’s ratio (OR) for mortality was computed from the
coefficients of logarithmic equation. Generation of data and statis-

tical analysis was done in Python 3.6.
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Results

Base-line characteristics of the sample data are shown in
Table 1. Most of the mortality (81%) was in the ages above 60
years. There was a preponderance of males (63.8%) among those
who died. Occupations listed were those working in service
industry, farmer/labourer, health worker, retiree and rest were
classified as others. As retiree would naturally correlate with
older age group, this was merged in those classified as others
which made up for the bulk of the group. Co-morbid conditions
listed were hypertension, diabetes, cardiovascular disease, cancer
and rest were classified as belonging to ‘none’ category.
Hypertension followed by cardiovascular disease and diabetes
were the predominant co-morbidities in that order; 32.8% of the

deaths occurred in those without any co-morbidities. Table 2
shows the encodings for various categories.

Logistic regression of the four predictor factors of age, sex, co-
morbidities and occupation revealed that only age and comorbidities
significantly affected mortality. Sex and occupation when adjusted
for other factors in the equation were not significant predictors of
mortality. Effects of age, sex, co-morbidities and occupation are
shown in Figures 1-4. Age and presence of co-morbidities correlated
negatively with survival with co-efficient of -1.23 and -2.33 respec-
tively. Odds ratio (OR) for dying from COVID-19 for every 10-year
increase in age was 3.4 compared to the previous band of 10 years.
OR for dying of COVID-19 was 10.3 for presence of any of the co-
morbidities listed. Surface plot of the association between age, sex
and outcome (death or survival) is shown in Figure 5.

Table 1. Baseline demographics of the original dataset. Co-morbidities were only available for 20,812 patients and percentages listed

below were calculated accordingly.

Overall 43,649 1023 2.3

Age, years
0-9 416 (0.95) - -
10-19 548 (1.25) 1(0.1) 02
20-29 3612 (8.27) 7(0.7) 0.2
30-39 7582 (17.37) 18 (1.8) 0.2
4049 8553 (19.54) 38 (3.7) 0.4
50-59 9878 (22.63) 130 (12.7) 1.3
60—69 8274 (18.95) 309 (30.2) 3.6
70-79 3606 (8.26) 312 (30.5) 8.0
>80 1200 (2.74) 208 (20.3) 14.8

Sex
Male 22,328 (51.15) 653 (63.8) 28
Female 21,321 (48.84) 370 (36.2) 1.7

Occupation
Service industry 3426 (7.84) 23 (2.2) 0.7
Farmer/labourer 9672 (22.15) 139 (13.6) 14
Health worker 1711 (3.91) 5 (0.5) 0.3
Other/none 28,840 (66.07) 856(83.6) 2.9

Comorbid condition 20,308 504
Hypertension 2522 (12.41) 161 (39.7) 6.0
Diabetes 1022 (5.03) 80 (19.7 73
Cardiovascular disease 781 (3.84) 92 (22.1) 10.5
Chronic respiratory disease 479 (2.35) 32 (7.9) 6.3
Cancer (any) 101 (0.49) 6 (1.5) 5.6
None 15,403 (75.84) 133 (32.8) 0.9

Table 2. Data encoding done for the purpose of building the logistic regression.

Age 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79
>80

Gender Male Female

Co-morbidities ~ Hypertension Diabetes Cardiovascular disease Chronic respiratory disease ~ Cancer None
Occupation Service industry Farmer/Labourer Health Worker Other
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Discussion

We tried to study the factors affecting mortality in COVID-19
patients. As our own institutional data set was not available due to
early stage of the disease, we used the data of 44,672 COVID-19
patients reported by China’s Centre for disease control (CDC) [1].
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Age was an important risk factor for mortality. Age correlated
negatively with survival with a coefficient of -1.23. Mortality
increased with advancing age. 81% of deaths were in patients
above the age of 60 years. The odds ratio of mortality from
COVID-19 increased by 3.4 times for every 10 years increase in
age (p=0.00). In a retrospective study by Ruan et al., there was a
significant difference in age between death group and discharge
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Figure 1. Bar diagram showing distribution of age among sur-
vivors and non-survivors.

Figure 3. Bar diagram showing distribution of comorbidities
amongst survivors and non-survivors.
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Figure 2. Bar diagram showing distribution of sex amongst sur-
vivors and non-survivors.

Figure 4. Bar diagram showing distribution of occupation among
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survivors and non-survivors.
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group (p<0.001) [2]. In their study, mortality increased with
increase in age. Zhou ef al. in a retrospective study, analysed data
of 191 laboratory confirmed COVID -19 cases and found that
older age was associated with increased odds of death (OR 1.13;
p=0.0043) [3]. Advanced age has been shown to be an independent
predictor of mortality even in SARS [4] and MERS-CoV [5] infec-
tions. Age dependent decline in cell mediated and humoral immu-
nity with a Th2 skewed response may be responsible for increased
mortality in elderly [6].

Presence of any comorbidity like hypertension, diabetes melli-
tus, cardiovascular disease, chronic respiratory disease and cancer
significantly affected the mortality. Patients with any of the comor-
bidities listed in the reported dataset had 10.3 times higher odds of
death due to COVID-19 as compared to those without any comor-
bidity (p=0.00). In a meta-analysis by Yang et al, which included
eight studies with 46,248 patients, authors found that the pooled
odds ratio of hypertension, respiratory system disease, cardiovascu-
lar disease in severe patients as compared to non-severe patients
were 2.36, 2.46 and 3.426 respectively [7]. In another metanalysis by
Li et al., which included six studies with 1527 patients, comorbidi-
ties like hypertension, cardio-cerebrovascular diseases, and diabetes
were more common in severe patients [8]. In a retrospective single
center case series, Guo ef al. observed that patients with underlying
cardiovascular diseases and other co-morbidities had higher inci-
dence of myocardial injury. These patients with co-morbidities who
developed myocardial injury had higher mortality [9]. Presence of
comorbidities was also associated with poor outcomes in SARS [10]
and MERS-CoV infections [11]. There is limited data describing the
relationship between effect of co-morbidities on mortality.

As per our analysis, there was no significant effect of sex and
occupation on mortality. Similar results were also observed by
Zhou et al in their retrospective cohort of 191 patients [3]. Though
it appears that mortality was more in males (Males 63.8%; Females

Survi

with comonbidity

36.2%) in our dataset, after controlling for other variables using
multivariate logistic regression, sex and occupation were found to
have no significant effect (p>0.05 for both) on mortality.

We acknowledge a few limitations of our study. These figures
were derived from a reverse randomised generation of the largest
reported data till date and may be susceptible to some variation
from the true estimate.

Our study is unique in that it has assessed the odds for mortal-
ity for every incremental increase in age of 10 years, thereby quan-
tifying the risk for most age groups which has not been addressed
in any other study till date. Though previous studies [7,8] showed
that presence of co-morbidities is associated with increased sever-
ity of illness, they did not assess for its strength in relation to mor-
tality, which was addressed by the present study. We believe that
armed with this information, policy makers will be able to appro-
priately categorize the risk of each individual in those diagnosed
with COVID-19 as well as those caring for them.

Conclusions

Age and co-morbidities are the two main determinants of mor-
tality in COVID-19. Odds of mortality increase by 3.4 times for
every 10-year increase in age and 10.3 times for presence of any
major co-morbidity.

These findings could help in allocation of scarce resources at
areas of greatest needs like allotment of ICU beds to triaging in the
emergency room . It also highlights the need for older healthcare
workers to be removed from areas of excessive risk for infection to
more administrative positions and to let the younger and healthier
health-care workers be more involved in the caring of COVID-19
patients.
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Figure 5. 3D-Surface plot displaying the relationship between age, comorbidity and outcome. Older age and presence of comorbidity

was associated with mortality
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Also we suggest that in view of various levels of lockdowns
being implemented across the world, that even when the lock-
downs are eased, the senior citizens and those with co-morbidities
need to be protected from getting exposed while the virus moves
in the population towards achieving herd immunity.
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