Clinical Infectious Diseases

IR IDSA

Infectious Diseases Society of America hiv medicine association

OXFORD

Risk Factors for Death Among the First 80 543 Coronavirus

Disease 2019 (COVID-19) Cases in China: Relationships
Between Age, Underlying Disease, Case Severity, and Region

Yanping Zhang,"* Wei Luo,"* Qun Li,"* Xijie Wang,2 Jin Chen,' Qinfeng Song,2 Hong Tu," Ruiqi Ren,' Chao Li,' Dan Li,' Jing Zhao,' Jennifer M. McGoogan,'
Duo Shan,' Bing Li,' Jingxue Zhang,” Yanhui Dong,? Yu Jin,” Shuai Mao,” Menbao Qian,' Chao Lv,' Huihui Zhu,' Limin Wang,' Lin Xiao,' Juan Xu,'
Dapeng Yin,' Lei Zhou,' Zhongjie Li,' Guoging Shi,' Xiaoping Dong,' Xuhua Guan,’ George F. Gao,' Zunyou Wu,"" and Zijian Feng'®

'Chinese Center for Disease Control and Prevention, Beijing, China; “Peking University, Beijing, China; and *Hubei Center for Disease Control and Prevention, Wuhan, China

Background. Knowledge of COVID-19 epidemiology remains incomplete and crucial questions persist. We aimed to examine
risk factors for COVID-19 death.

Methods. A total of 80 543 COVID-19 cases reported in China, nationwide, through 8 April 2020 were included. Risk factors for
death were investigated by Cox proportional hazards regression and stratified analyses.

Results.  Overall national case-fatality ratio (CFR) was 5.64%. Risk factors for death were older age (>80: adjusted hazard ratio,
12.58; 95% confidence interval, 6.78-23.33), presence of underlying disease (1.33; 1.19-1.49), worse case severity (severe: 3.86;
3.15-4.73; critical: 11.34; 9.22-13.95), and near-epicenter region (Hubei: 2.64; 2.11-3.30; Wuhan: 6.35; 5.04-8.00). CFR increased
from 0.35% (30-39 years) to 18.21% (>70 years) without underlying disease. Regardless of age, CFR increased from 2.50% for no
underlying disease to 7.72% for 1, 13.99% for 2, and 21.99% for >3 underlying diseases. CFR increased with worse case severity from
2.80% (mild) to 12.51% (severe) and 48.60% (critical), regardless of region. Compared with other regions, CFR was much higher in
Wuhan regardless of case severity (mild: 3.83% vs 0.14% in Hubei and 0.03% elsewhere; moderate: 4.60% vs 0.21% and 0.06%; severe:
15.92% vs 5.84% and 1.86%; and critical: 58.57% vs 49.80% and 18.39%).

Conclusions. Older patients regardless of underlying disease and patients with underlying disease regardless of age were at el-
evated risk of death. Higher death rates near the outbreak epicenter and during the surge of cases reflect the deleterious effects of

allowing health systems to become overwhelmed.
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As the first country to encounter coronavirus disease 2019
(COVID-19), experience a large outbreak, and achieve epi-
demic control [1, 2], a broad range of epidemiologic studies
have been conducted in China [3-21]. These studies used data
from China’s 4 complementary infectious disease informa-
tion systems [2, 22]. However, most have included few cases
from small areas or single centers during short periods in
January-February 2020 [3-21]. To date, the largest COVID-
19 case series in China included all 72 314 patients with se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
as of 11 February 2020 [6, 22]. This report provided the first
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epidemiologic curves, a timeline of discovery and response
events, and distributions of cases across age, case severity,
geography, and time. Importantly, it highlighted higher case-
fatality ratios (CFRs) among older adults and adults with un-
derlying disease [6, 22].

However, patient data were abruptly cut off on 11 February
and analyzed immediately while many remained hospitalized.
Therefore, for many of these patients, the dataset did not in-
clude follow-up through the entire course of illness to recovery
or death. Moreover, in April 2020, Wuhan officials added 1615
records of confirmed COVID-19 cases (325 survivors and 1290
deaths), most of which had occurred in January and February
but had gone unreported due to overwhelmed systems during
the case surge. Thus, our understanding of COVID-19 epi-
demiology in China remains incomplete, and many gaps in
the evidence persist. For instance, risk factors for death from
COVID-19 in China have been identified but have yet to be
quantified and thoroughly investigated in a large cohort [23,
24]. Therefore, our primary aim was to investigate risk factors
for death and explore the relationships between them using all
confirmed COVID-19 cases nationwide followed for their en-
tire clinical course in the complete first “wave” of the epidemic
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in China. Second, we aimed to more fully characterize COVID-
19 epidemiology.

METHODS

Design

A nationwide retrospective cohort study design was used to in-
vestigate all confirmed COVID-19 cases in China as of 8 April
2020, followed through 16 May 2020. This study was approved
by the Chinese Center for Disease Control and Prevention
Institutional Review Board. Individual informed consent was
not required.

Data

In China, all COVID-19 cases must be entered into the
Notifiable Infectious Disease Reporting System (NIDRS)
within 2 hours of discovery [2, 25]. Since all NIDRS case re-
ports contain individuals’ unique national identification (ID)
numbers, the system contains no duplicate reports [2, 25]. Each
NIDRS case record must be investigated by local public health
specialists within 24 hours of reporting [2]. Investigation re-
sults are collected, stored, and managed in the Epidemiological
Investigation Information System (EIIS) [2]. Each record in
EIIS contains both the individual’s national ID number and
NIDRS case report number to prevent duplicate records and fa-
cilitate records matching [2].

Cases

The case definition in China—positive SARS-CoV-2 poly-
merase chain reaction (PCR) test results and documented
symptoms—has been consistent throughout the pandemic
and our entire study with 1 exception: in Hubei Province (in-
cluding in Wuhan City), early in the outbreak when testing
had not yet scaled up sufficiently, some patients were clin-
ically diagnosed based on symptoms and lung imaging [6].
Notably, this case definition excludes asymptomatic in-
fection. Thus, all data from all records in NIDRS and EIIS
with positive SARS-CoV-2 PCR test results and documented
symptoms through 8 April 2020 were included, but extracted
approximately 6 weeks later on 16 May 2020. This delay was
required to ensure records of all previously unreported cases
and deaths had been completed, quality checked, and re-
leased and to allow all patients to be followed through their
entire clinical course to recovery or death.

Deaths

Since all persons with positive SARS-CoV-2 PCR test results
were hospitalized in isolation in China [2], all deaths occurred
in hospitals and thus were ascertained by physicians. All deaths
among COVID-19 cases were recorded as COVID-19 deaths
regardless of any other circumstances surrounding their deaths
(eg, coinfection, myocardial infarction, stroke). No deaths were
ascertained postmortem as COVID-19.

Variables

For occupation, the health worker category was defined as any
type of active employment in any health facility. For underlying
disease, having no major pre-existing clinical diagnosis was
categorized as “no” while having any was categorized as “yes”
Cases with a single underlying disease were further categorized
by disease (eg, hypertension) and by number of diseases (eg, >3
diseases). For case severity, categories were mild, moderate, se-
vere, and critical. Mild cases had mild clinical symptoms and no
sign of pneumonia on imaging. Moderate cases had fever and
respiratory symptoms with radiological findings of pneumonia.
Severe cases were characterized by dyspnea, respiratory rate
(RR) 30 or more breaths per minute, oxygen saturation of 93%
or less, PaO, to FiO, ratio (ie, ratio of arterial oxygen partial
pressure to fractional inspired oxygen) less than 300 for adults,
and any one of the following for children: (1) tachypnea (RR,
>60 breaths/minute for infants aged <2 months, >50 breaths/
minute for infants aged 2-12 months, >40 breaths/minute for
children aged 1-5 years, and >30 breaths/minute for children
>5 years) independent of fever and crying; (2) oxygen satura-
tion of 92% or less; (3) labored breathing (ie, moaning, nasal
fluttering, and infrasternal, supraclavicular, and intercostal re-
traction), cyanosis, and intermittent apnea; (4) lethargy and
convulsion; or (5) difficulty feeding and signs of dehydration.
Critical cases had respiratory failure, septic shock, and/or organ
failure that required intensive care. For region, 3 were defined
as China except for Hubei Province, Hubei except Wuhan City,
and Wuhan only. For epidemic stage, cases were categorized
into 5 periods based on the date of symptom onset.

Analysis

Cases and deaths are presented as numbers and cases at the
national level only as percentages calculated as the number
of cases in a category (numerator) divided by the total
number of cases (denominator). Incidence and mortality
were calculated as the number of cases and deaths, respec-
tively (numerator), divided by the total population (denom-
inator), presented as /100 000. CFR was calculated as the
number of deaths (numerator) divided by the total number
of confirmed cases (denominator), presented as a percentage.
Univariate and multivariate Cox regression models, based on
survival analysis, were used to examine risk factors associ-
ated with death from COVID-19, producing unadjusted and
adjusted hazard ratios (aHRs) and 95% confidence inter-
vals (CIs). Age, sex, residence, underlying disease, case se-
verity, and region variables were adjusted in the multivariate
model (STATA version 14.0; StataCorp, College Station, TX,
USA). Stratified analysis with chi-square test was used to ex-
amine the relationships between variables. Regional differ-
ences were evaluated using Pearson chi-square and Fisher’s
exact test. National and regional epidemiological curves
were plotted as daily number of confirmed cases versus date
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of symptom onset. Confirmed cases by province and date of
symptom onset were presented as a heatmap time series to
illustrate geographic spread of COVID-19 (RStudio v3.6.3;
RStudio, PBC, rstudio.com).

RESULTS

Participants

A total of 80 543 confirmed COVID-19 cases were used in the
analysis (asymptomatic infections excluded but summarized in
Supplementary Table 1). In Table 1, most were aged 40-69 years
(60.68%) and were urban residents (75.81%). A total of 34 320
cases (42.61%) had information on underlying disease in
their records. Among them, 25 743 had no underlying disease
(75.01%), 4923 had 1 underlying disease (14.34%), 1458 had 2
underlying diseases (17.00%), and 391 had 3 or more underlying
diseases (4.56%). Among those with 1 underlying disease, hy-
pertension was most common (53.14%). Most cases were mild
(41.96%) or moderate (39.17%) at diagnosis; severe cases were
less common (14.89%) and critical cases were rare (3.46%).

Risk Factors for Death

In Table 2, compared to being younger than 30 years, older age was
associated with greater risk of death: 3.5 times greater for 50-59
(aHR, 3.52; 95% CI, 1.91-6.51), approximately 7 times greater for
60-69 (aHR, 6.71; 95% CI, 3.66-12.30), 9 times greater for 70-79
(aHR, 8.95; 95% CI, 4.86-16.48), and 12.5 times greater for 80 years
or older (aHR, 12.58; 95% CI, 6.78-23.33). Having any underlying
disease (compared with none) was associated with a 33% greater risk
of death (aHR, 1.33; 95% CI, 1.19-1.49). Having only vascular di-
sease (aHR, 1.43; 95% CI, 1.07-1.91) or only kidney disease (aHR,
2.19; 95% CI, 1.13-4.24) and having 2 diseases (aHR, 1.43; 95% CI,
1.21-1.69) or 3 or more diseases (aHR, 2.16;95% CI, 1.68-2.77) were
also associated with greater risk of death. Compared with mild cases,
severe (aHR, 3.86; 95% CI, 3.15-4.73) and critical (aHR, 11.34; 95%
CI, 9.22-13.95) cases had a significantly higher risk of death. Finally,
increased risk of death was associated with diagnosis in Hubei (aHR,
2.64;95% CI, 2.11-3.30) and Wuhan (aHR, 6.35; 95% CI, 5.04-8.00),
compared with elsewhere.

Age Versus Underlying Disease

In Table 3, among those with no underlying disease, CFR in-
creased significantly with age from 0.7% for 40-49 years
to 1.9% for 50-59 years, 6.7% to 60-69 years, and 18.2% for
70 years or older (P <.001). Significant increases in CFR with
increasing age were observed for those with 1 underlying di-
sease (P < .001), 2 diseases (P < .001), and 3 or more diseases
(P =.001). Conversely, CFR also increased significantly with
the number of underlying diseases for single age groups. For ex-
ample, for those aged 50-59 years, CFR significantly increased
from 1.9% for no underlying disease to 2.8% for 1 underlying
disease, 6.2% for 2 diseases, and 10.2% for 3 or more diseases
(P <.001). Significant increases in CFR with increasing age

were also observed for single, specific underlying conditions
(Supplementary Table 2). Among those with a single underlying
disease, CFR remained highest in the oldest age groups. For ex-
ample, in the 70-years and older age group, CFR was 33.3% for
liver disease, 26.7% for kidney disease, 26.3% for cancer, 21.0%
for diabetes, 20.9% for hypertension, and 20.4% for vascular
disease.

Case Severity and Region

Figure 1 shows progression from initial case severity at diag-
nosis through worst status reached during hospitalization to
final outcome of recovery or death. Among those diagnosed
as mild (56.2%) or moderate (30.0%), most did not progress
further (74.2% and 93.3%, respectively) and recovered (97.2%
and 97.8%, respectively). However, among those already se-
vere (12.1%) or critical (1.6%) at diagnosis and among those
who were ever severe (15.5%) or critical (3.7%) during hos-
pitalization, CFRs were high (>12% and >47%, respectively;
Supplementary Table 3). As shown in Table 4, those diagnosed
at the critical case status had very high CFRs in all regions
(58.87% in Wuhan, 49.80% in Hubei, and 18.39% in the rest
of China), regardless of proximity to the outbreak epicenter.
However, the highest regional CFR was observed in Wuhan
(7.59%) and increasing CFR with increasing proximity to the
outbreak was observed across all age groups and regardless of
underlying disease or case severity.

COVID-19 Epidemiology
Nationally, incidence was 579 per 100 000 population.
Incidence was highest for 60- to 69-year-olds (13.38/100 000)
and urban residents (7.38/100 000). Altogether, 4545 deaths
were recorded for national mortality of 0.33 per 100 000 and a
CEFR of 5.64%. Elevated mortality and CFR were observed for
individuals aged 80 years and older (3.38/100 000; 32.08%), re-
tirees (12.90%), severe and critical cases (12.51% and 48.60%),
cases with underlying disease (8.69%), and cases with symptom
onset early in the epidemic (15.84%) (Table 1). Notably, CFR
increased with age, numbers of underlying diseases, and case
severity, and decreased with later epidemic stage in all regions
(Table 4). Additional data on cases, incidence, deaths, mortality,
and CFRs by region are presented in Supplementary Table 4.
As shown in Supplementary Figure 1, the epidemiologic
curves for the national level and the 3 regions have similar
shapes but notably different amplitudes, with Wuhan clearly
having the largest numbers of daily confirmed cases. Daily
cases remained at a very low level through 31 December
2019 and then began to increase on 1 January 2020 at both
national and regional levels. At the national level, daily new
cases from early to mid-January increased to more than
2000 per day. For most of the period from 23 January to 5
February, the number of daily new cases exceeded 3000, with
a peak of 3734 cases on 1 February. Then, the number of cases
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Table 1. Characteristics of COVID-19 Cases and Incidence, Deaths, Mortality, and Case-Fatality Ratios in China

Characteristics Cases,” n (%) Incidence® Deaths, n Mortality® CFR, %
Overall 80 543 (100) 5.79 4545 0.33 5.64
Age, y
<10 936 (1.16) 0.56 2 <0.01 0.21
10-19 1035 (1.29) 0.69 3 <0.01 0.29
20-29 6101 (7.57) 2.54 19 0.01 0.31
30-39 12 928 (16.05) 6.65 70 0.04 0.564
40-49 14 796 (18.37) 5.92 166 0.07 112
50-59 17 925 (22.26) 10.78 556 0.33 3.10
60-69 16 156 (20.06) 13.38 1325 1.10 8.20
70-79 7499 (9.31) 10.16 1388 1.88 18.51
>80 3167 (3.93) 10.54 1016 3.38 32.08
Sex
Male 39 843 (49.47) 5.60 2912 0.41 7.31
Female 40 700 (50.53) 5.98 1633 0.24 4.01
Residence
Urban 61 060 (75.81) 7.38 3960 0.48 6.49
Rural 16 322 (20.26) 2.91 457 0.08 2.80
Missing 3161 (3.92) 128 4.05
Occupation
Service industry 6487 (8.05) 83 1.28
Farmer/laborer 14 148 (17.57) 492 3.48
Health worker 3282 (4.07) 23 0.70
Retiree 18 373 (22.81) 2371 12.90
Other/none 38 253 (4749) 1576 4.12
Underlying disease
Missing 46 223 (57.39) 3157 6.83
No 25 743 (31.96) 643 2.50
Yes? 8577 (10.65) 745 8.69
One disease 4923 (57.40) 380 772
Hypertension 2616 (30.50) 210 8.03
Diabetes 732 (8.53) 47 6.42
Vascular disease 502 (5.85) 54 10.76
Lung disease 692 (8.07) 37 535
Kidney disease 105 (1.22) 10 9.62
Liver disease 161 (1.88) 5 3.1
Cancer 115 (1.34) 17 14.78
Two diseases 1458 (17.00) 204 13.99
Three or more diseases 391 (4.56) 86 21.99
Missing 1805 (21.04) 75 4.16
Case severity
Mild 33 799 (41.96) 945 2.80
Moderate 31 547 (39.17) 721 2.29
Severe 11 994 (14.89) 1500 12.51
Critical 2784 (3.46) 1353 48.60
Missing 419 (0.52) 26 6.21
Region
China except Hubei 12 958 (16.09) 0.97 121 0.01 0.93
Hubei except Wuhan 17 795 (22.09) 36.98 643 1.34 3.61
Wuhan only 49 790 (61.82) 45709 3781 34.71 759
Epidemic stage
Early (8-31 December) 202 (0.25) 32 15.84
Rise (1-22 January) 14105 (17.51) 1203 8.53
Plateau (23 January-5 February) 47 183 (58.58) 2572 5415
Decline (6-29 February) 18 803 (23.35) 731 3.89
Late (1 March-8 April) 250 (0.31) 7 2.80

Abbreviations: CFR, case-fatality ratio; COVID-19, coronavirus disease 2019.

“Proportions for cases were calculated using all cases (N = 80 543) as the denominator except for subcategories under “Yes” for the Underlying disease variable, which use total cases
with underlying disease (n = 8577) as the denominator for each different number of underlying diseases and uses total with 1 underlying disease (n = 4923) as the denominator for each
different single specific disease.

®Incidence and mortality are expressed as /100 000 population. For additional context, historical values for mortality in China, nationally, and in Wuhan City specifically are provided in
Supplementary Table 5.
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Table 2. Risk Factors for Death Among Confirmed COVID-19 Cases in China

Unadjusted Adjusted
Characteristics HR (95% ClI) P HR (95% Cl) P
Age,y
<30 1 1
30-39 1.81 (1.14-2.87) .012 1.24 (.61-2.52) 547
40-49 3.65 (2.38-5.60) <.001 2.28(1.20-4.34) .012
50-59 9.21 (6.12-13.85) <.001 3.62 (1.91-6.51) <.001
60-69 20.71 (13.83-31.02) <.001 6.71 (3.66-12.30) <.001
70-79 39.64 (26.46-59.40) <.001 8.95 (4.86-16.48) <.001
>80 50.55 (33.66-75.92) <.001 12.58 (6.78-23.33) <.001
Sex
Male 1 1
Female .68 (.64-.72) <.001 .84 (.75-.95) .005
Residence
Urban 1 1
Rural .57 (.52-.63) <.001 1.03 (.89-1.19) 702
Underlying disease
No 1 1
Yes 2.68 (2.41-2.99) <.001 1.33 (1.19-1.49) <.001
Hypertension 1.92 (1.65-2.24) <.001 1.18 (1.00-1.38) .050
Diabetes 1.86 (1.39-2.49) <.001 1.36 (.99-1.86) .057
Vascular disease 2.38 (1.82-3.11) <.001 1.43 (1.07-1.91) .015
Lung disease 1.07 (.78-1.49) .663 .96 (.69-1.35) .825
Kidney disease 3.12 (1.68-5.81) <.001 2.19 (1.13-4.24) .020
Liver disease .84 (.35-2.02) .699 1.64 (.68-3.97) 270
Cancer 2.32 (1.44-3.75) .001 1.63 (.94-2.51) .088
Two diseases 2.38 (2.06-2.75) <.001 1.43 (1.21-1.69) <.001
Three or more diseases 4.20 (3.39-5.20) <.001 2.16 (1.68-2.77) <.001
Case severity
Mild 1 1
Moderate .81 (.74-0.90) <.001 .73 (.57-.95) .018
Severe 3.50 (3.22-3.80) <.001 3.86 (3.15-4.73) <.001
Critical 6.41 (5.83-7.05) <.001 11.34 (9.22-13.95) <.001
Region
China except Hubei 1 1
Hubei except Wuhan 3.43 (2.83-4.17) <.001 2.64 (2.11-3.30) <.001
Wuhan only 5.61 (4.67-6.73) <.001 6.35 (5.04-8.00) <.001

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio.
#Pvalues < .05 were considered statistically significant.

decreased gradually and averaged 550 from 6 to 29 February. At the provincial level, Supplementary Figure 2 shows the

Finally, from 1 March and through 8 April, daily new cases spread of the epidemic using a time series of heatmaps. While

were less than 50. on 31 December only 3 provinces had cases who had begun to

Table 3. Stratification of COVID-19 Cases, Deaths, and Case-Fatality Ratios by Age and Number of Underlying Diseases in China

No. of Underlying Diseases

0 1 2 >3
Age, y Cases,n  Deaths,n CFR, % Cases,n Deaths,n CFR, % Cases,n Deaths,n CFR, % Cases,n Deaths,n CFR, %
<30 4182 10 0.2 87 1 1.1 4 0 0 0 0
30-39 5680 20 0.4 289 6 2.1 26 2 77 5 0 0
40-49 5822 43 0.7 764 12 1.6 112 4 3.6 15 8 20.0
50-59 5580 104 1.9 1445 41 2.8 322 20 6.2 59 6 10.2
60-69 3029 202 6.7 1360 121 8.9 488 55 1.3 135 21 15.6
>70 1450 264 18.2 978 199 20.3 506 123 24.3 177 56 316

Abbreviations: CFR, case-fatality ratio; COVID-19, coronavirus disease 2019.
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Mild 33,420

Mild 45,023

Recovered 75,565

Moderate 31,273

Moderate 24,029

I Severe 9,719

mm Critical 1,313

Figure 1.

Severe 12,408 =

. Death 4,519

[l critical 2,983

Changes in case severity status (disease progression) over time from initial diagnosis to final outcome in China. Status at initial diagnosis is shown at the left,

worst status reached during hospitalization is shown in the center, and final outcome is shown at the right. Case status is color-coded as mild in green, moderate in yellow,
severe in orange, and critical in red. Likewise, final outcome is color-coded as recovery in blue and death in purple. Flow between states is indicated and the thickness of
bands is proportional to numbers of cases. It is important to note that, in China, all confirmed COVID-19 cases were hospitalized in isolation regardless of the severity of
their condition and that all cases remained until either recovery or death, with recovery defined as completely free of all COVID-19-associated symptoms and consistently
negative on SARS-CoV-2 PCR testing. Finally, among a total of 80 543 participants, 459 had missing data for case severity status (299 at diagnosis only and 160 at diagnosis
and during hospitalization), and therefore, 80 084 participants (99.4%) were included in this analysis. Abbreviations: COVID-19, coronavirus disease 2019; PCR, polymerase

chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

have symptoms, by 31 January, all 31 provinces had cases and
Wuhan and neighboring areas had already been heavily affected.
By contrast, relatively little change was observable between 1
March and 8 April. Province-level incidence and mortality are
presented in Supplementary Table 5 and, for context, historical
overall mortality values for China and for Wuhan are provided
in Supplementary Table 6.

DISCUSSION

This study of all 80 543 confirmed COVID-19 cases in China
through 8 April 2020 is the first to provide an epidemiological de-
scription of a complete cycle from initial outbreak through rapid
epidemic expansion to achievement of long-term control at a
national level. The main result was the independent nature of 4
important risk factors for death: older age, greater numbers of un-
derlying diseases, worse case severity at diagnosis, and close prox-
imity to the outbreak epicenter. This important finding indicates
that even otherwise healthy older adults and even young adults
but with pre-existing disease are at elevated risk of death from
COVID-19, which has implications for prevention and vaccine-
prioritization strategies. Moreover, it highlights the deleterious
consequences of late diagnosis and overwhelmed health systems.

The CFRs were higher in our cohort compared with the prior
report of cases up to 11 February 2020, [6] both overall (5.6%
vs 2.3%, respectively) and when disaggregated, for 2 reasons.
First, we included follow-up time sufficient to ensure that all
cases achieved either recovery or death, whereas the prior paper
did not. The prior paper’s data cutoff occurred very early in the
epidemic and many patients were still hospitalized at the time
the data were analyzed. Second, we included approximately
1300 deaths that were not previously reported, most of which
occurred during the prior report’s study period but were not
included.

Up to now, the best available evidence on risk factors for
COVID-19 death has come from meta-analyses of mostly small
studies from China [23, 24, 26-28]; however, they were limited
by heterogeneity, particularly with respect to how age groups
were categorized and comorbidities were defined (ie, disease
that pre-existed SARS-CoV-2 infection was often not differ-
entiated from disease that emerged during COVID-19 disease
progression). This presents challenges in isolating risk factors
for death. More recently, a very large study in Mexico reported
odds of death to be 7-fold greater for those aged 61-80 years;
12-fold greater odds for those aged more than 80 years; 24-31%
greater for those with hypertension, obesity, diabetes, chronic
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Table 4. Regional Distribution of COVID-19 Cases, Deaths, and Case-Fatality Ratios by Age, Case Severity, Underlying Disease, and Epidemic Stage in
China

Region
China Except Hubei Hubei Except Wuhan Wuhan Only
Deaths,” CFR, Deaths,” CFR, Deaths,” n CFR,
Characteristics Cases,” n (%) n (%) % Cases,” n (%) n (%) % Cases,” n (%) (%) % P
Overall 12 958 (16.09) 121 (2.7) 0.93 17 795 (22.09) 643 (14.1) 3.61 49 790 (61.82) 3781 (83.2) 759 <.001¢
Age, y
<10 318 (2.45) 0(0) 0 152 (0.85) 0(0) 0 466 (0.94) 2(0.1) 0.43 .66
10-19 375 (2.89) 0(0) 0 237 (1.33) 0(0) 0 423 (0.85) 3(0.1) 0.71 .25
20-29 1591 (12.28) 1(0.8) 0.06 1733 (9.74) 8(1.2) 0.46 2777 (5.58) 10 (0.3) 0.36 .095
30-39 2796 (21.58) 3(2.5) 0.1 3196 (17.96) 18 (2.8) 0.56 6936 (13.93) 49 (1.3) 0.71 .001°
40-49 2814 (21.72) 1(0.8) 0.04 3825 (21.49) 38 (5.9) 0.99 8157 (16.38) 127 (3.4) 1.66 <.001¢
50-59 2547 (19.66) 12 (9.9) 0.47 4369 (24.55) 106 (16.5) 2.43 11 009 (22.11) 438 (11.6) 3.98 <.001¢
60-69 1634 (12.61) 31 (25.6) 1.90 2643 (14.85) 194 (30.2) 734 11 879 (23.86) 1100 (29.1) 9.26 <.001¢
70-79 641 (0.49) 39 (32.2) 6.08 1276 (7.17) 193 (30.0) 15.13 5682 (11.21) 1156 (30.6) 20.71 <.001¢
>80 242 (1.87) 34 (28.1) 14.05 364 (2.05) 86 (13.4) 23.63 2561 (5.14) 896 (23.7) 34.99 <.001¢
Underlying disease
Missing 1754 (13.54) 16 (13.2) 0.91 576 (3.24) 17 (2.6) 2.95 43 893 (88.16) 3124 (82.6) 712
No 8427 (65.03) 35 (28.9) 0.42 13 087 (73.564) 287 (44.6) 2.19 4229 (8.49) 321 (8.5) 7.59 <.001¢
Yes 2777 (21.43) 70 (57.9) 2.52 4132 (23.22) 339 (52.7) 8.20 1668 (3.35) 336 (8.9) 20.14 <.001¢
One disease 1500 (54.0) 35 (50.0) 2.33 2536 (61.4) 186 (54.9) 7.33 887 (63.2) 159 (47.3) 17.93 <.001¢
Two diseases 441 (15.9) 19 (27.1) 4.31 706 (17.1) 93 (27.4) 13.17 311 (18.6) 92 (27.4) 29.58 <.001¢
Three or more 117 (4.2) 11 (15.7) 9.40 170 (4.1) 39 (11.5) 22.94 104 (6.2) 36 (10.7) 34.62 <.001°
diseases
Missing 719 (25.9) 5(71) 0.70 720 (17.4) 21(6.2) 2.92 366 (21.9) 49 (14.6) 13.39
Case severity
Mild 2908 (22.44) 1(0.8) 0.03 6475 (36.39) 9 (1.4) 0.14 24 416 (49.04) 935 (24.7) 3.83 <.001f
Moderate 81565 (62.93) 5(4.1) 0.06 8190 (46.02) 17 (2.6) 0.21 15202 (30.53) 699 (18.5) 4.60 <.001¢
Severe 1401 (10.81) 26 (21.5) 1.86 2105 (11.83) 123 (19.1) 5.84 8488 (17.05) 1351 (35.7) 15.92 <.001¢
Critical 485 (3.74) 89 (73.6) 18.39 992 (6.57) 494 (76.8) 49.80 1308 (2.63) 770 (20.4) 58.87 <.001¢
Missing 10 (0.08) 0(0) 0 33(0.19) 0(0) 0 376 (0.76) 26 (0.7) 6.91
Epidemic stage
Early (8-31 De- 2(0.02) 0(0) 0 3(0.02) 1(0.2) 3.8 197 (0.40) 31(0.8) 15.74 .58
cember)
Rise (1-22 Jan- 2452 (18.92) 35 (28.9) 1.43 3041 (17.09) 160 (24.9) 5.26 8612 (17.30) 1008 (26.7) 11.70 <.001¢
uary)
Plateau (23 Jan- 8414 (64.93) 70 (57.9) 0.83 11 635 (65.38) 403 (62.7) 3.46 27 134 (54.50) 2099 (55.5) 774 <.001¢
uary-5 February)
Decline (6-29 2064 (15.93) 16 (13.2) 0.78 3112 (17.49) 79 (12.3) 2.54 13 627 (27.37) 636 (16.8) 4.67 <.001¢
February)
Late (1 March-8 26 (0.20) 0(0) 0 4(0.02) 0(0) 0 220 (0.44) 7(0.2) 3.18 1.0
April)

Abbreviations: CFR, case-fatality ratio; COVID-19, coronavirus disease 2019.

®Proportions for cases were calculated using all cases (N = 80 543) as the denominator for overall and regional total cases (n = 12 958, n = 17 795, n = 49 790) as the denominator for all
other variable categories in each region, respectively, except for subcategories under “Yes"” for the Underlying disease variable, which use total cases with underlying disease (n = 2777,
n =4132, n = 1668) in each of the regions, respectively, as the denominator for each different number of underlying diseases.

PProportions for deaths were calculated using all deaths (N = 4545) as the denominator for overall and regional total deaths (n = 121, n = 643, n = 3781) as the denominator for all other
variable categories in each region, respectively, except for subcategories under “Yes" for the Underlying disease variable, which use total deaths with underlying disease (n = 70, n = 339,
n = 336) in each of the regions, respectively, as the denominator for each different number of underlying diseases.

°Pvalues were calculated for all groups using Pearson chi-square except for age group <10 years and 10-19 years and epidemic stage Early and Late, which were calculated using Fisher’s
exact test.

YStatistically significant differences were found between any 2 out of the 3 regions (China except Hubei, Hubei except Wuhan, Wuhan only).
“Statistically significant differences were found in 2 groups: China except Hubei vs Hubei except Wuhan, China except Hubei vs Wuhan only.
‘Statistically significant differences were found in 2 groups: China except Hubei vs Wuhan only, Hubei except Wuhan vs Wuhan only.

obstructive pulmonary disease, or immunosuppression; and more vulnerable to death, facilitating targeted prevention inter-
85% greater for those with chronic kidney disease. However, vention and vaccine distribution.

the relationship between age and underlying disease was not We also found that, although overall incidence was 5.79 per
explored [29]. Our results provide a clearer picture of groups 100 000 and mortality was 0.33 per 100 000, these national-level
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measures hid dramatic geographic and demographic differ-
ences, such as very high incidence and mortality in Hubei and
in Wuhan among older and urban adults. Overall, for the 81%
of cases that were mild or moderate, CFR was under 3%, but
the 15% who were severe faced a CFR of 12.5% and the 3.5% of
cases who were critical had a CFR of nearly 50%. Yet, in Wuhan,
where the health system quickly became overwhelmed, 17% of
cases were severe and had a CFR of 16% and nearly 3% were
critical with a CFR of almost 60%.

Even for countries that, like China, took aggressive action
to try to contain the infection and break the chain of human
transmission [2], enormous numbers of people fell ill and died.
For instance, in Italy, the first Western nation to be affected by
COVID-19, the number of cumulative cases increased 100 000-
fold and deaths increased 429-fold in March 2020 alone [30].
Still lacking therapeutics and vaccines, the only defenses were
traditional public health methods [2]. China provides not only
an example of how decisive action to thoroughly implement
these countermeasures can bring COVID-19 under control [2]
but also a cautionary tale of how quickly a new emerging in-
fectious disease can overwhelm a health system. Evidence of
China’s struggles during the January and February 2020 “surge”
of cases is observable in the data. Higher incidence values were
to be expected in Wuhan and outlying areas in Hubei, but these
areas also suffered higher mortality and CFRs compared with
elsewhere in China, which reflects the enormous strain on the
local health system during the surge. These areas also suffered
reporting delays (ie, 325 survivors and 1290 deaths never before
included in other studies) and incompleteness of records due to
stresses on the public health system. These issues have also been
observed, for example, in Italy where the CFR in Milan was much
greater than in some parts of southern Italy, and in the United
States the CFR in New York was greater than in other states like
Minnesota. Many national, state, and city public health systems
have also experienced disruption to timely case and death re-
porting due to the overwhelming stress of case surges.

However, CFR was not only elevated because of health
system strain. Delayed testing because of insufficient capacity
and inexperience with a new disease meant late presentation
and suboptimal clinical management early in the pandemic.
Case-fatality ratios were elevated early in the outbreak in all
regions of China compared with later in the outbreak because
diagnosis and clinical management improved over time. This
has been observed in many nations as they began dealing with
COVID-19 for the first time. As physicians and nurses learned
from their own experience (and that of others) how to care for
patients with COVID-19 and as best practices were developed
and more broadly shared, CFRs naturally declined.

Limitations
Major strengths of this study were its nationwide scope,
very large size, and complete inclusion of all cases in China’s

COVID-19 epidemic wave followed for their entire clinical
course. Nevertheless, our study had some important limita-
tions. First, because of China’s official case definition, char-
acteristics of asymptomatic infections were not examined.
Second, the data were compiled under the crushing pressure
of a rapidly spreading epidemic. This limited our ability to ex-
plore other variables (eg, smoking, obesity) and outcomes (eg,
rehospitalizations, post-acute phase complications), which
are now of interest. Third, this also meant that some records
were incomplete or may have contained errors. For example,
57% of records contained no information on underlying con-
ditions, requiring our analyses on this variable to be limited
to a subset of cases. Fourth, clinically diagnosed cases during
the early outbreak when testing was scarce may have included
some misdiagnoses, thereby exaggerating the total case count.
Finally, although all confirmed cases were immediately hospi-
talized, and therefore all deaths among them occurred in the
hospital and were recorded as COVID-19 deaths regardless of
other contributing factors, there remained a small possibility of
under-ascertainment of COVID-19 deaths.

Conclusions

In conclusion, this study provides new, high-quality evidence of
the epidemiology of COVID-19 from a very large nationwide
cohort that includes complete follow-up of all cases in the entire
first wave of COVID-19 from the first case to epidemic con-
trol in China. It further demonstrates how quickly COVID-19
can affect large numbers of people over expansive geographical
areas, even with early and aggressive action taken to thoroughly
implement countermeasures. Most important, it supports and
extends prior observations of poorer outcomes for individuals
who are older, have underlying conditions, and are diagnosed
at later disease stages or where healthcare services are over-
whelmed. These results provide important evidence for pre-
vention intervention, vaccine prioritization, and health system

planning that can be applied globally.
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