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              Abstract 
Background  
COVID-19 was first identified in Wuhan, the capital city of the province of Hubei in China. Due to the presentation of multiple symptoms at the 
same time, it is clinically important to understand the probability of dying from COVID-19 vs. the probability of dying from other causes.  
Methods  
Using data collected in Hubei that identified by age those who died of COVID-19 or its sequelae among the infected, we constructed a life table 
showing the conditional probability of dying at age x from COVID-19 and its sequela among those infected.  Following the relative survival 
perspective, we also computed corresponding data for China that matched the format of the life table we constructed from the Hubei study. We 
then formed ratios of the 10-year conditional portability of dying at age x from COVID-19 for the Hubei COVID-19 victims to the ten-year 
conditional probability of dying at age x from all non-COVID-19 causes for those not infected by COVID-19 in China as a whole. 
Findings  
At every age, the conditional probability of dying from COVID-19 among those infected in Hubei is higher than the conditional probability of 
dying from all non-COVID-19 causes for China as a whole. Following a general age-related mortality pattern, the conditional probability of dying 
from COVID-19 from age 20 onward increases monotonically for those who are infected. Relative to the probability of dying in China from all 
other causes for those not infected, however, it declines monotonically from age 20 to age 70. 
Interpretation 
At younger ages the relative conditional probability of dying from CVOD-19 among the infected is substantially higher than it is for those infected 
who dying of all other causes and while staying higher at all ages, it declines monotonically with age.  The monotonic decline in the ratio from age 
20 to age 70 is a result of the age-related increase in the probability of dying from one or more of a number of competing causes, which, in the 
case at hand is manifested in the fact that non-COVID-19 deaths in China among the uninfected were generally increasing at a faster age-related 
rate than were the COVID-19 deaths to the infected in Hubei. 
 
 
Keywords: China, confidence interval, Gompertz Model, Hubei Province, life table, superpopulation, Wuhan 
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Introduction 

 

As of January 19th, 2022 the total worldwide COVID-19 related deaths from the beginning of the pandemic in 2019 are around 5.55 

million and total infections are around 334 million as of January 19th, 2022 (Ritchie et al., 2022). Some researchers have measured the 

impact of these excess deaths on population life expectancy, while others argued that life expectancy is reduced due to COVID-19 

deaths (Trias-Llimós and Bilal 2020, Andrasfay and Goldman 2021, Castro et al., 2021, Islam et al., 2021; Venkataramani, O’Brien 

and Tsai 2021; Woolf, 2021). In general, the approach considered in these studies is one of the commonly accepted techniques using 

period life tables (Chan, Cheng, and Martin 2021, Yusuf, Martins, and Swanson 2014). However, the middle and older-aged excess 

deaths during 2020-21 influence the computation of life expectancy of newborn babies of 2020-21 in all of them. In essence, these 

studies assume that the current mortality rates among adults will have the same pattern when a current newborn reaches adulthood, 

and, accordingly, survival probabilities were computed.  However, a newborn in 2020 need not be influenced by COVID-19 excess 

adult deaths during 2020-21 because these deaths may not occur every year for the next 20-30 years (Rao, Swanson, Krantz, 2022). 

This problem can be avoided in several ways. One is to examine Person-years of Life Lost (Andersen, Canudas-Romo and Keiding, 

2013; Pifarré i Arolas et al. 2021, Swanson et al. 2022), another is to compute the loss of expected remaining life (Goldstein and Lee 

2020, Heuveline 2021, Rao, Swanson, Krantz (2022)). A third approach is to compare the probability of dying by age of those who 
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have contracted COVID-19 to those who have not been subject to the COVID-10 pandemic, a “relative survival” technique (Stroup et 

al., 2014).  In this paper we take this latter approach in the form of a case study of COVID-19 victims in Hubei, China. 

Background  

Hubei is a province in China of 72,400 square miles and a population in excess of 57 million (Britannica, no date).  COVID-19 

symptoms such as viral sore throat, cough, pneumonia, fever, myalgia and fatigue were first clinically seen among hospitalized 

patients in its capital, Wuhan, during December 2019 (Chen et al., 2020). The first clinical studies were conducted at hospitals in 

Wuhan after ruling out common bacterial and viral pathogens that cause pneumonia (Huang et al. (2020). Clinical information such as 

chest images, complete blood count, sputum tests, coagulation profile, and liver tests were conducted. Due to multiple symptoms 

presenting at the same time, understanding the relative survival of diagnosed COVID-19 patients became clinically important (Stroup 

et al., 2014).  In January 2020, the SARS-CoV-2 virus was officially confirmed and quarantine zones were implemented across the 

province, especially in the city of Wuhan, which was identified as the epicenter of outbreak (Verity et al. 2020). Given this history, it 

is not surprising that one of the first collections of death data by age for COVID-19 victims was collected in Hubei Province, a subject 

to which we now turn. 
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Data and Methods 

In this study we employ the COVID-19 death data by age for Hubei Province taken from Table 1 in Verity et al. (2020). The study 

population was confirmed to be COVID-19 positive and the deaths are directly due to COVID-19 and its immediate sequelae. The 

death and population data were collected such that each subject had less than one year of exposure. No adjustment was made for this 

so the assumption is that each subject had one year of exposure. The data are subject to right censoring and other issues. For details 

see Verity et al. (2020). The data are presented in a manner consistent with a clinical study, which along with the sample size (n= 

44,672, with 1,023 recorded deaths by age) makes it feasible to construct a life table (Swanson, 2021; Swanson, Chow, and Bryan, 

2020), a rarity so far among COVID-19 studies. 

 From these data, the life table shown as Table 1 was constructed using Fergany’s Method (Fergany 1971).  As can be seen in Table 1. 

Fergany’s (1971) method is advantageous because only the age-specific death rates are needed to construct an abridged life table. “In 

addition to its simplicity, it is, in contrast to other methods, self-contained in the sense that beyond making only the assumption of 

approximating the force of mortality by a step function (which is all we observe anyway) no further assumptions, approximations, or 

parameter estimates are required to compute all the life table functions.” (Fergany 1971: 334).  

                                                 (TABLE 1 ABOUT HERE)     
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From a 2016 abridged life table for China (Appendix Table 1) that was by gender (National Bureau of Statistics of China, no date), we 

computed the weighted number of survivors at age x (lx) for both genders combined (Kintner, 2004: 318-319) using the 2020 

population age distribution by gender taken from the National Bureau of Statistics of China as provided by Statistica (no date). We 

then found the  lx values at 20, 30,...70, and 80 for both genders combined (also known as “all sexes”) and computed the conditional 

probabilities of dying (10qx) in the next ten year period given that one had lived to age x. These are shown in Table 1. Because 

everybody who reached age 80 dies in the subsequent “open age” interval, the probability of dying is set to 1.00 at age 80. 

The appendix shows the mathematics underlying the conditional probability of dying and surviving from one age to the next.   

Results 

Starting at age 20, Table 2 shows the 10qx values for the Hubei COVID-19 victims in 2020 and the 10qx values derived from the 2016 

life table for China.  Figure 1 displays these same results in graphic form.  Figure 3 shows the ratio of these same 10qx values in 

graphic form. 

                                                                      (TABLE 2 ABOUT HERE) 

                                                             (FIGURES 1 AND 2 ABOUT HERE) 
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 At age 20, the probability of a person with Covid-19 dying from it (and no other causes) in Hubei before reaching age 30  is 4.27 

times higher than the probability of a person aged 20 in China dying before reaching age 30 of any other cause other than Covid-19, 

which is 0.00449; at age 30, the probability is 3.35 times higher, age 40 it is 2.87 times higher, age 50, 2.80 times higher; and at age 

60 the probability of a person with Covid-19 dying of it before reaching age 70 in Hubei is 1.63 times higher than the probability of a 

person age 70  in China  dying of any cause other than Covid-19 before reaching age 80, which is 0.33607.          

Given that the life table for China as a whole applies to Hubei Province, Table 2 shows the increased mortality risk generated by 

COVID-19 on Hubei’s population. Looking in the other direction, Table 2 shows the increased mortality risk generated by COVID-19 

on China’s population given that the Hubei COVID-19 life table applies to China as a whole.                    

Discussion 

Table 2 shows that those aged 20 in Hubei Province who contracted COVID-19 were at a higher probability of dying from it than 

were non-infected people in China aged 20 dying from all other non-COVID-19 causes. This probability increases monotonically with 

age, but declines relative to the probability for those in China not exposed to COVID-19. As such, beyond age 50 it appears to be 

more deadly for them than was smallpox in the 18th and 19th centuries when Bernoulli presented a strong case that among those who 

are infected, about 12 percent of them will die in any given age group (Gehrman, 2014). Another way to look at the risk of dying is to 

construct a survival model. Using the data in Table 1 for the population aged 20 and over, we constructed a Gompertz model from the 
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deaths found in column 7 using the survival analysis procedure found in the NCSS software package, release 12 ( NCSS 2020). 

Exhibit 1 provides the details of the results.  

                                                                             (EXHIBIT 1 ABOUT HERE) 

With a coefficient of determination equal to 0.95 and a slope parameter of 0.1273, we are presented with a well-fit model in which the 

“actuarial ageing rate” is very high - the rate of dying increases very rapidly with age (Kirkwood, 2014: 1). These comparisons and the 

ratios found in the last column of Table 2 are telling: Once infected, there is a high probability of dying that increases exponentially 

with age. 

The Hubei data are not a random sample, which usually would mean that classical inferential statistics such as confidence intervals 

and margins of error are not appropriate. However, we can take the “superpopulation” perspective (Deming, 1953; Godambe and 

Thompson, 1986. Swanson and Beck, 1994; Swanson and Tayman, 2012: 171-173; Swanson, Tayman, and Beck 1995), which 

provides an alternative framework for inference, an approach often found in wildlife studies, where scientific sampling is extremely 

difficult (e.g., Durkin and Cohen, 2019; Wen et al., 2011). While not perfect, this perspective does provide some idea of the 

uncertainty affecting the Hubei 10qx values. With the superpopulation perspective in mind, we use an approach developed by Chiang 

(1960) to generate uncertainty measures.  Starting with the unbiased estimate of probability of death qˆ = D/ N , where the number of 

deaths is denoted by D within a given age interval and N is the number at the beginning of the interval, Chiang (196)) showed that the 
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standard deviation can be estimated as sqrt(qˆ*(1- qˆ))*N, which leads to the standard error  (se) of death in the interval in question of  

sqrt(qˆ*(1- qˆ)/N).  Translated into the terms we use in Table 1 and elsewhere in this paper, we have se = sqrt(10qx*(1-10qx)/k), where  

k = number alive at age x.   Table 3 provides the standard errors and 95% confidence intervals for the 10qx values of the Hubei 

COVID-19 victims (Table 1). For age zero, there are no reported deaths so a confidence interval is a moot point as is the case for age 

80 and over where the probability of dying is 1.00.  For the other age groups, the estimated standard errors range from 0.00173 for age 

group 30-39 to 0.00795 for age group 70-79. Even where the standard error is the highest, the 95% confidence interval for age group 

70-79 is relatively narrow, from 0.530 to 0.565. If nothing else, these results show the impact that a large sample can have in the 

reduction of statistical uncertainty. 

                                                                                    (TABLE 3 ABOUT HERE) 

Concluding Remarks 

An immediate question is how well the Hubei 10qx values apply elsewhere. As a starting point, we note that Verity et al. (2020: 669) 

found that the case fatality ratios they estimated by age from the Hubei data were consistent with those international cases stratified by 

age. This consistency suggests that the COVID-19 life table (Table 1) may apply beyond Hubei Province. Another consistency is that 

the conditional probability of dying from COVID-19 from age 20 onward increases monotonically for those who are infected, which 

follows a general age-related mortality pattern (Kintner, 2004; Yusuf, Martins, and Swanson, 2014).   Relative to the probability of 
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dying in China from all other causes for those not infected, however, it declines with age, as is seen in the last column of Table 2. This 

decline is a result of the age-related increase in the probability of dying from one or more of a number of competing causes, which, in 

the case at hand is manifested in the fact that non-COVID-19 deaths in China among the uninfected were generally increasing at a 

faster age-related rate than were the COVID-19 deaths to the infected in Hubei.  

If one is interested in comparing Hubei to a country other than China, one should start by comparing the 10qx values for China shown 

in Table 2 with those for the country in question. If they have similar 10qx values, the overall pattern will hold in that there will be a 

decline in the ratio in going from 20 to age 70 (for the reasons just stated), but it may not be as steep as the decline in the ratio seen for 

China, which would be the case with a country that has higher 10qx values than China at the younger ages and lower ones at the older 

ages. The pattern also may not be monotonic, which would be the case for a country that had the same 10qx values as China at every 

age except 50, where it was substantially lower, which would result in  a “bump” in the trend at age 50. 

As noted by Verity et al. (2020) and Tian et al, (202) initial analysis of the survival data of Wuhan needs revision after the epidemic 

unfolds. In the meantime, we trust that the results presented here will assist hospital and clinical settings in long-term and current 

management. 
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Appendix: 

Let ���, �� be the infected individual at age � and at time �. The probability of survival of infected who will live for � time units since acquiring the infection at 

�, say, 
��, ��� ,  is computed as 


��, ��� � ���, � � ��
���, ��                         �1� 

and probability of survival for all infected at age � to survival until � is 

� 
��, ��� ��
�

�

� � ���, � � ��
���, �� ��

�

�

        �2� 

The probability of survival for all infected during ��, � � �� will be 

� � 
��, ��� ���� � 1
�

�

�

�

                     �3� 

Then, the probability of dying of an individual who is at age � to die within ��, � � �� will be 

���, �� �� 1 � � 
��, ��
� ��

�

�

            �4� 

 

The decadal probability of dying from (4) would be  

���, �� ��� 1 � � ���, � � 10�
���, �� ��

�

�

             �5�           
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                                       Source: Verity et al. (2020) with calculations by authors. 

 

 

 

 

 

                               Table 1. Life Table for COVID-19 Sample from Hubei, China 
Proportion Number Number Number of Total Years Life

Dying Living to Dying in Years lived Lived to Expectancy 

Age 
Number of 
COVID-19

Confirmed 
COVID-19 Age-Specifc in Interval Age x Interval in Inteval Age x at Age x

Interval Deaths cases Death Rate nqx lx ndx nLx  Tx  ex

  0-9 0 416 0.00000 0.00000 100,000 0 1,000,000 6,891,126 68.91
 10-19 1 549 0.00182 0.01805 100,000 1,805 990,948 5,891,126 58.91
 20-29 7 3,619 0.00193 0.01916 98,195 1,881 972,514 4,900,178 49.90
 30-39 18 7,600 0.00237 0.02341 96,314 2,254 951,823 3,927,664 40.78
 40-49 38 8,571 0.00443 0.04337 94,060 4,079 920,050 2,975,841 31.64
 50-59 130 10,008 0.01299 0.12181 89,981 10,961 843,815 2,055,791 22.85
 60-69 309 8,583 0.03600 0.30233 79,020 23,890 663,593 1,211,976 15.34
 70-79 312 3,918 0.07963 0.54902 55,129 30,267 380,083 548,383 9.95
 90+ 208 1,408 0.14773 1.00000 24,862 24,862 168,300 168,300 6.77
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                    Sources: Table 1 and Appendix Table 1 with calculations by authors. 

 

 

 

 

 

 

 

 

             Table 2. Ratio of COVID-19 nQx to Non-COVID-19 nQx

age 

HUBEI, ALL 
SEXES COVID 

10qx 

CHINA, ALL 
SEXES NON-
COVID 10qx 

ratio of Hubei 
covid qx to 
China non-

covid qx
20 0.01916 0.00449 4.267567904
30 0.02341 0.00698 3.352158286
40 0.04337 0.01511 2.869813013
50 0.12181 0.04343 2.804804831
60 0.30233 0.12861 2.350693059
70 0.54902 0.33607 1.633654019
80 1.00000 1.00000 1
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    TABLE 3.    Confidence Intervals for the Hubei 10qx values in Table 1. 

Age 
Interval 10qx Standard Error

95% lower 
limit

95% upper 
limit

  0-9 0.00000 NA N/A N/A
 10-19 0.01805 0.00568 0.0069134 0.029186676
 20-29 0.01916 0.00228 0.0146905 0.023622507
 30-39 0.02341 0.00173 0.0200068 0.026805083
 40-49 0.04337 0.00220 0.039055 0.047679238
 50-59 0.12181 0.00327 0.1154053 0.128221326
 60-69 0.30233 0.00496 0.2926171 0.312049787
 70-79 0.54902 0.00795 0.5334355 0.564597614
 80+ 1.00000 N/A 1 1  

Source: Table 1 with calculations by authors 
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Figure 2. Ratio of 10qx values for the Hubei COVID-19 victims in 2020 and the 10qx values derived from the 2016 life table for China.   
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Exhibit 1. NCSS Gompertz Model Results 

Model Estimation Section ────────────────────────────────────────────────────── 
 
Parameter Parameter Asymptotic Lower Upper 
Name Estimate Standard Error 95% C.L. 95% C.L. 
A 28613.79537 3285.08909 19492.92584 37734.66491 
B 0.12727 0.05829 -0.03457 0.28910 
C 48.17947 2.39620 41.52656 54.83237 
 
Iterations 12 Rows Read 8 
R-Squared 0.952728 Rows Used 7 
Random Seed 15117 Total Count 7 
 
Estimated Model 
(28613.7953736265)*EXP(-EXP(-(0.127266198472826)*((AGE)-(48.1794687158782)))) 
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Appendix Table 1. Abridged life table by Gender, China 2016 

 

 

Source: National Bureau of Statistics of China (no date) 

Age m(x,n) q(x,n) l(x) d(x,n) L(x,n) S(x,n) T(x) e(x) a(x,n) m(x,n) q(x,n) l(x) d(x,n) L(x,n) S(x,n) T(x) e(x)
0 0.018735 0.018423 100000.0 1842.3 98333.6 0.978347 7364000.1 73.64 0.10 0.011096 0.010984 100000.0 1098.4 98992.7 0.986657 7943010.6 79.43
1 0.001907 0.007595 98157.7 745.5 390839.7 0.994306 7265666.5 74.02 1.60 0.001292 0.005151 98901.6 509.5 394335.7 0.996649 7844017.9 79.31
5 0.000554 0.002764 97412.2 269.2 486388.0 0.997834 6874826.8 70.57 2.50 0.000232 0.001160 98392.1 114.2 491675.1 0.999108 7449682.2 75.71

10 0.000313 0.001566 97143.0 152.1 485334.5 0.998163 6388438.8 65.76 2.50 0.000125 0.000624 98277.9 61.3 491236.4 0.999236 6958007.1 70.80
15 0.000446 0.002228 96990.8 216.1 484443.1 0.997367 5903104.2 60.86 2.63 0.000195 0.000976 98216.6 95.8 490861.3 0.998750 6466770.7 65.84
20 0.000601 0.003001 96774.8 290.4 483167.4 0.996940 5418661.2 55.99 2.57 0.000305 0.001524 98120.8 149.6 490247.5 0.998363 5975909.4 60.90
25 0.000621 0.003099 96484.3 299.0 481688.9 0.996597 4935493.8 51.15 2.55 0.000344 0.001716 97971.2 168.1 489445.1 0.998160 5485661.8 55.99
30 0.000766 0.003825 96185.3 367.9 480049.5 0.995445 4453804.9 46.30 2.62 0.000400 0.002000 97803.1 195.6 488544.4 0.997694 4996216.7 51.08
35 0.001092 0.005448 95817.4 522.0 477862.8 0.993341 3973755.4 41.47 2.65 0.000537 0.002681 97607.5 261.7 487417.7 0.996822 4507672.3 46.18
40 0.001629 0.008115 95295.4 773.3 474680.6 0.989739 3495892.7 36.68 2.68 0.000758 0.003784 97345.8 368.4 485868.5 0.995262 4020254.6 41.30
45 0.002598 0.012912 94522.1 1220.5 469809.9 0.982924 3021212.0 31.96 2.71 0.001191 0.005937 96977.4 575.7 483566.5 0.992109 3534386.1 36.45
50 0.004482 0.022184 93301.6 2069.8 461787.5 0.970609 2551402.1 27.35 2.72 0.002067 0.010285 96401.7 991.5 479750.5 0.986475 3050819.5 31.65
55 0.007787 0.038257 91231.8 3490.3 448215.3 0.947867 2089614.5 22.90 2.72 0.003543 0.017576 95410.1 1676.9 473262.0 0.975308 2571069.0 26.95
60 0.014202 0.068765 87741.5 6033.5 424848.7 0.911321 1641399.2 18.71 2.70 0.006799 0.033483 93733.2 3138.4 461576.4 0.955289 2097807.0 22.38
65 0.023783 0.112694 81708.0 9208.0 387173.6 0.850471 1216550.5 14.89 2.68 0.012061 0.058701 90594.8 5318.0 440938.7 0.916842 1636230.7 18.06
70 0.042657 0.193739 72500.0 14046.1 329280.1 0.759492 829376.9 11.44 2.63 0.023917 0.113384 85276.8 9669.0 404271.3 0.851081 1195291.9 14.02
75 0.069631 0.297906 58453.9 17413.8 250085.6 0.623996 500096.7 8.56 2.58 0.042596 0.193843 75607.8 14656.0 344067.6 0.731013 791020.6 10.46
80 0.124185 0.472207 41040.1 19379.4 156052.5 0.375818 250011.1 6.09 2.46 0.087761 0.362145 60951.7 22073.4 251517.8 0.437261 446953.0 7.33
85 0.230534          ... 21660.7 21660.7 93958.6          ... 93958.6 4.34 4.34 0.198932          ... 38878.4 38878.4 195435.2          ... 195435.2 5.03
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