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ABSTRACT

OBJECTIVE

To assess excess all cause and cause specific
mortality during the three months (1 January to

31 March 2020) of the coronavirus disease 2019
(covid-19) outbreak in Wuhan city and other parts of
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605 urban districts and rural counties in China’s
nationally representative Disease Surveillance Point
(DSP) system.

PARTICIPANTS
More than 300 million people of all ages.

MAIN OUTCOME MEASURES

Observed overall and weekly mortality rates from all
cause and cause specific diseases for three months (1
January to 31 March 2020) of the covid-19 outbreak
compared with the predicted (or mean rates for 2015-
19) in different areas to yield rate ratio.

RESULTS

The DSP system recorded 580819 deaths from
January to March 2020. In Wuhan DSP districts (n=3),
the observed total mortality rate was 56% (rate ratio
1.56, 95% confidence interval 1.33 to 1.87) higher
than the predicted rate (1147 v 735 per 100000),
chiefly as a result of an eightfold increase in deaths
from pneumonia (n=1682; 275 v 33 per 100000;
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WHAT IS ALREADY KNOWN ON THIS TOPIC

In China the major outbreak of covid-19 that started in Wuhan city, Hubei
province during late December 2019 led to a nationwide lockdown during late
January 2020, which was subsequently lifted in early April 2020

Although various estimates have been made about the number of covid-19
related deaths in Wuhan city and elsewhere, no study has systematically
examined the overall and cause specific mortality across different parts of China
during the three months of the covid-19 outbreak

WHAT THIS STUDY ADDS

In this nationally representative study covering more than 300 million people,
Wuhan city experienced significant excess deaths not only from pneumonia,
chiefly covid-19 related, but also from several other major diseases

Outside of Wuhan city, overall mortality did not increase, and, if anything, the
observed mortality rates from various types of pneumonia (except that caused by
severe acute respiratory syndrome coronavirus 2), chronic respiratory diseases,
and road traffic incidents were lower than the predicated rates, all of which
coincided closely with the lockdown
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8.32, 5.19to 17.02), mainly covid-19 related, but

a more modest increase in deaths from certain

other diseases, including cardiovascular disease
(n=2347; 408 v316 per 100000; 1.29, 1.05 to 1.65)
and diabetes (n=262; 46 v 25 per 100000; 1.83,
1.08 to 4.37). In Wuhan city (n=13 districts), 5954
additional (4573 pneumonia) deaths occurred in
2020 compared with 2019, with excess risks greater
in central than in suburban districts (50% v 15%). In
other parts of Hubei province (=19 DSP areas), the
observed mortality rates from pneumonia and chronic
respiratory diseases were non-significantly 28% and
23% lower than the predicted rates, despite excess
deaths from covid-19 related pneumonia. Outside
Hubei (=583 DSP areas), the observed total mortality
rate was non-significantly lower than the predicted
rate (675 v 715 per 100000), with significantly lower
death rates from pneumonia (0.53, 0.46 to 0.63),
chronic respiratory diseases (0.82, 0.71 to 0.96), and
road traffic incidents (0.77, 0.68 to 0.88).

CONCLUSIONS

Except in Wuhan, no increase in overall mortality

was found during the three months of the covid-19
outbreak in other parts of China. The lower death rates
from certain non-covid-19 related diseases might

be attributable to the associated behaviour changes
during lockdown.

Introduction

In China the emergence of a severe acute respiratory
syndrome-like atypical pneumonia was first reported
during mid-December 2019 in Wuhan city, Hubei
province.! ? This led to identification in early January
2020 of a novel B coronavirus that the Word Health
Organization subsequently designated as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and
that causes an illness called coronavirus disease 2019
(covid-19).? Coinciding with festivities for the Chinese
lunar new year during January 2020,*> however, SARS-
CoV-2 spread rapidly to many other provinces in China
and then worldwide within a short period.*” By early
July 2020, more than 10 million people worldwide were
reported to have been infected with SARS-CoV-2, among
whom more than 500000 were reported to have died
from covid-19.

In China, unprecedented nationwide measures
were introduced and implemented from late January
2020 to contain, suppress, and eliminate the initial
outbreak and further transmission of SARS-CoV-2. The
nationwide lockdown, first implemented in Wuhan on
23 January 2020, coupled with other measures such as
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widespread testing, contact tracing, and quarantine of
infected people at home and subsequently in purpose
built temporary hospitals,”*" successfully controlled
the epidemic by the end of March. Consequently, the
lockdown was lifted in all provinces of China from early
or mid-April 2020, including Wuhan city.

By the end of March, more than 80000 people had
been infected in China (about 50000 in Wuhan) and
more than 4600 (about 3870 in Wuhan) deaths were
recorded as being due to covid-19. Previous studies
in China have reported on the molecular, clinical, and
epidemiological characteristics of SARS-CoV-2 and
covid-19,* *2 1 in addition to the effects of different
preventive measures to contain and suppress the
outbreak.' ' No study has, however, systematically
examined overall and cause specific mortality across
different parts of China during the covid-19 outbreak.
Such evidence is needed to help assess the likely
detrimental impact of the outbreak on human health
and the healthcare system, and to inform future public
health emergency responses and the provision of health
services during major outbreaks.

We investigated the excess total and cause specific
mortality during three months of the covid-19 outbreak
(January-March 2020) across different regions of China,
based on a nationally representative sample of more
than 300 million people.’

Methods

Study population

We obtained information on our study population
from China’s Disease Surveillance Points (DSP) system,
which was established during the mid-1980s to provide
nationally representative mortality statistics for
China.” '® ' The DSP system currently comprises 605
surveillance areas, involving more than 300 million
people—more than 20% of the total population in China
(see supplementary fig 1). Each surveillance area covers
an urban district or a rural county, which was randomly
selected using a multistage cluster sampling method
across all 31 provinces (or equivalent) in mainland
China to ensure representativeness at provincial and
national levels. For each DSP, the population data (eg,
number, age, and sex distributions) were extracted and
updated annually from the National Bureau of Statistics.

Mortality surveillance

In each DSP area, local Centers for Disease Control and
Prevention (CDC) managed the death registry at district
or county level. Qualified medical staff in local hospitals
usually determined the causes of death and coded these
according to ICD-10 (international classification of
diseases, 10th revision) codes. For deaths that occurred
outside of hospital without recent medical attention,
trained staff at local community health centres
determined the causes of death using standardised
procedures.’” *® To minimise any underreporting of
deaths, regular checks and updates were conducted
using other data sources (eg, police stations, the civil
affairs department), supplemented by active surveys
every three years involving a random sample (5-6%)
of households in all catchment areas. Dedicated local
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hospital (for deaths in hospital) or health centre (for
deaths outside of hospital) staff reported all deaths
online through China CDC’s Death Information System.
Before an online report was submitted to China CDC, the
information in death certificates that had been uploaded
online were reviewed and checked, and, if necessary,
coded or recoded by local (district or county) CDC staff.
Any deaths that occurred outside of DSP catchment
areas would be linked back to the original address of
residence. Once China CDC had received these reports
it undertook additional checks to ensure completeness,
consistency, and data quality, including the proportion
of ill defined causes of death (typically <5%).

In Wuhan city, apart from the three DSP districts, the
remaining 10 non-DSP districts also reported deaths
using an identical online system from 1 January 2019.
We also included these data in our analyses. Among
the 13 districts, six were in central city and seven in
suburban areas (see supplementary fig 1).

Reporting of covid-19 deaths
As covid-19 is a newly emerged infectious disease
without a formal ICD code in the online reporting
systems, most early deaths from covid-19, whether
confirmed or suspected, during the outbreak in Wuhan
were typically notified as “viral pneumonia without
known organism” (ICD-10 codes J12, J12.8, and J12.9)
or “unspecific pneumonia” (ICD-10 code J18.9). From 2
February 2020, the China Health Commission requested
that any pneumonia related deaths, including those
from covid-19, were to be reported online to China CDC
within five days through its DSP mortality surveillance
reporting system and separately through its infectious
disease surveillance system.’ For confirmed covid-19
deaths a new ICD-10 code (U07.1) was used, whereas
for suspected covid-19 deaths (without microbiological
confirmation), an existing code (J12.8) was used.
During April 2020 in Wuhan city, local health
authorities conducted further systematic cross checks
of death records from different sources (eg, hospitals,
infectious disease reporting system, death registries,
civil affairs departments, directors of funeral services),
resulting in the identification of 1290 additional deaths
from covid-19, including a proportion of deaths with a
clinical diagnosis but no microbiological confirmation
of covid-19.7 21 Of these 1290 deaths, 89% were
already captured in the DSP system and about 23% were
reclassified as covid-19 from other causes. So, unlike
other diseases, the reporting of deaths due to covid-19
and other pneumonias caused by other pathogens (ie,
not SARS-CoV-2) or pneumonia probably due to SARS-
CoV-2 but not initially recorded as such was likely to be
complete by late May 2020.

Statistical analyses

The main analyses involved deaths at any age during
the first quarter of 2020 in DSP areas that were reported
to China CDC by 22 May 2020. Supplementary table
1 shows the main diseases and corresponding ICD-
10 codes. The deaths were classified into three broad
categories: infectious diseases (also included were a
small number of deaths from maternal, perinatal, and
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nutritional conditions), chronic non-communicable
diseases, and injuries. Within each category, we also
examined a limited number of individual diseases
separately, including deaths due to different types of
pneumonia (eg, unspecified viral pneumonia, covid-19
related pneumonia), cardiovascular disease (myocardial
infarction, ischaemic stroke, haemorrhagic stroke, and
hypertensive heart disease), or injury (eg, road traffic
incident, suicide, and fall).

Analyses were conducted and presented separately
for three main areas in DSP according to the severity
of the covid-19 epidemic: Wuhan (n=3 DSP districts),
Hubei province without Wuhan (n=19 DSP areas), and
China without Hubei province (n=583 DSP areas). Apart
from three DSP districts, 2019-20 data from the other 10
non-DSP districts in Wuhan were also available, which
we examined and compared both overall and separately
in central and suburban districts, in combination with
the three DSP districts.

Based on the 2015-19 data, we estimated any
possible delays in reporting of deaths for each week
across different DSP areas in 2020 (see supplementary
table 2). The weekly adjustment ratio was calculated
as the mean weekly number of deaths occurring during
January-March in 2015-19 that were reported by 22 May
each year divided by the mean weekly number of deaths
for the same period reported by the end of February
the following year (when the database for the previous
year was frozen). We adjusted the deaths in 2020 for
probable delay in reporting (except for pneumonia
related deaths), calculated by dividing the observed
weekly mortality rates by the adjustment ratio for each
province (see supplementary table 2).

Because the population data for 2020 are not currently
available, we used the 2019 population in each DSP area
to calculate weekly or quarterly mortality rates in 2020
(see supplementary table 3), which were then multiplied
by 52 or 4, respectively, to yield annual mortality rates
to facilitate comparisons. While estimating weekly
mortality, we applied the same denominators over time
(ie, assuming a constant weekly population), as the
number of weekly deaths (<40 000) was small compared
with the size of the study population (>300 million).
Based on the mortality rates calculated separately for
2015-19 and the five year trends, we estimated the
predicted rates for 2020, overall and by time period
and areas. In addition, we also calculated the mean
mortality rates for 2015-19 to facilitate comparisons by,
for example, age, sex, and place of death. We calculated
these separately by individual DSP areas (at district
or county level) and then summed accordingly with
necessary weighting by population sizes.

For each disease, the weekly expected number of
deaths from 1 January to 31 March 2020 were generated
by modelling the observed weekly number of deaths
occurring during 2015-19 (see supplementary fig
2) using Farrington surveillance algorithms.?? The
Farrington algorithms, implemented by the surveillance
package in R, used over-dispersed Poisson generalised
linear models with spline terms to estimate trends
in weekly counts of deaths that could account for
seasonality, along with the lower and upper 95%
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confidence intervals of weekly predicted counts. For
each disease, we calculated the weekly observed and
predicted mortality rates along with corresponding
95% confidence intervals from the weekly observed and
predicted number of deaths divided by the population
in different DSP areas, respectively. To further enable
comparison, the observed and predicted weekly
mortality rates (and 95% confidence intervals) were
summed from January to March in 2020 and then
multiplied by 4 to yield annual mortality rates. To
estimate the excess mortality during the study period,
the rate ratios for mortality due to each disease were
calculated by dividing the observed mortality rates by
the predicted mortality rates, with each 95% confidence
interval calculated similarly by the corresponding upper
and lower bounds of mortality rates.

Patient and public involvement

The mortality data of the study population were
collected through the DSP system, which included age,
sex, national identification number, residential address,
cause of death and ICD-10 code, and date and place of
death. The information used in this report is managed
by China CDC and is not accessed by patients and their
families. No members of the public were directly involved
in the study design, outcome measures, analysis of data,
or interpretation of study results.

Results

Overall, 580819 deaths occurred during the first
quarter of 2020 in DSP areas that were reported by 22
May 2020. In three Wuhan DSP districts, the observed
all cause mortality rate (n=6698 deaths; 1147 observed
v 735 predicted per 100000) was 56% (rate ratio 1.56,
95% confidence interval 1.33 to 1.87) higher than the
predicted rate (table 1). This was chiefly because of a
more than eightfold increase in deaths from pneumonia
(n=1682; 275 v 33 per 100000; 8.32, 5.19 to 17.02),
including not only covid-19 related pneumonia
(n=1178; 193 per 100000) but also unspecified
viral pneumonias (35 v 1 per 100000) and other
pneumonias. For non-covid-19 related pneumonia,
most of the excess deaths occurred before mid-February
2020 (see supplementary fig 3). Apart from pneumonia,
mortality rates from certain non-communicable
diseases were also increased, including cardiovascular
disease (n=2347; 408 v 316 per 100000; 1.29, 1.05
to 1.65), particularly hypertensive heart disease
(n=345; 60 v 30 per 100000; 2.0, 1.24 to 4.25) and
diabetes (n=262; 46 v 25 per 100000; 1.83, 1.08 to
4.37). For deaths attributable to injury, the observed
mortality rate was non-significantly 16% lower than the
predicted rates. The mortality rates for individual types
of injury differed by cause, with lower rates for road
traffic incidents and higher rates for suicides and falls.
When deaths from all other diseases were aggregated,
the observed mortality rate was 92% higher (n=263;
46 v 24;1.92, 1.17 to 4.32). The results were generally
similar, albeit slightly higher, when the 2020 mortality
rates were compared with the mean rates for 2015-19
that did not account for mortality trends over time (see
supplementary table 4).
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In other parts of Hubei, the observed overall mortality
rates were comparable with the predicted rates (table
1). Although there were excess deaths from covid-19
related pneumonia (n=133) as well as from unspecified
viral pneumonia, the observed mortality rates from all
pneumonia were non-significantly 28% lower than the
predicted rates; chiefly as a result of the lower rates for
non-viral pneumonia (0.33, 0.23 to 0.53). The results
were similar when the 2020 rates were compared with
the mean rates for 2015-19 (see supplementary table
4). As in Wuhan DSP areas, the observed mortality
rates from road traffic incidents were significantly lower
than predicted, whereas the rates from suicide were
significantly higher than predicted.

Outside of Hubei province, the observed overall
mortality rate was non-significantly 6% lower than
the predicted rate (675 v 715 per 100 000; table 1).
For a few specific diseases the observed mortality
rates were significantly lower than the predicted rates,
including for total pneumonia (10 v 18 per 100 000;
0.53, 0.46 to 0.63), chronic obstructive pulmonary
disease (50 v 62 per 100000; 0.82, 0.71 to 0.95),
and road traffic incidents (9 v 11 per 100000; 0.77,
0.68 to 0.88). For pneumonia, with the exception
of a small number of deaths from covid-19 related
pneumonia (n=49), significant reductions were found
in deaths from unspecified viral pneumonia (0.43,
0.32 to 0.62) and non-viral pneumonia (0.53, 0.46
to 0.63), with similar findings when the 2020 data
were compared with the mean rates for 2015-19 (see
supplementary table 4).

In Wuhan DSP areas, in addition to the rapid increase
followed by rapid decrease in deaths from pneumonia,
similar, albeit more modest, increases were found in
deaths from myocardial infarction, ischaemic stroke,
chronic obstructive pulmonary disease, and diabetes
(fig 1). In other parts of Hubei or other regions of China,
the observed weekly mortality rates did not differ
significantly from the predicted rates during January-
March 2020, except for lower mortality rates from
chronic obstructive pulmonary disease and road traffic
incidents during the lockdown period. For pneumonia,
when the figures were plotted separately from those for
Wuhan using different scales, a small albeit significant
increase was found in mortality during February in other
parts of Hubei, mimicking, albeit to a lesser extent, that
observed in Wuhan (see supplementary fig 4). In other
regions of China, however, the weekly mortality rates for
pneumonia were consistently lower than the mean rates
in 2015-19 throughout the entire first quarter of 2020,
with somewhat greater differences during than before or
after the lockdown (see supplementary fig 4).

The rising trends in overall mortality rates in Wuhan
DSP areas were chiefly observed among people aged 50
years or older, driven not only by pneumonia but also by
other diseases (fig 2 and supplementary fig 5). In other
Hubei areas, the weekly pneumonia mortality rates
appeared consistently lower among those aged 80 years
orolder (fig 2), while there were smaller increases among
those younger than 80 years (see supplementary fig 5).
Outside of Hubei, the mortality rates for pneumonia
overall appeared consistently lower among those aged

Table 1 | Observed and predicted 2020 mortality rates from selected major diseases across different Disease Surveillance Point (DSP) areas

Wuhan Hubei without Wuhan China without Hubei
Observed Predicted Observed Predicted Observed Predicted
per per per per per per
Causes of death 100000 100000* Rateratio (95%Cl) 100000 100000* Rate ratio (95% CI) 100000 100000* Rate ratio (95% Cl)
All causes 1147.2 734.7 1.56 (1.33 to0 1.87) 867.3 871.2 1.00 (0.86t0 1.16) 675.4 715.4 0.94 (0.86 to 1.04)
Infectious diseasest 290.1 47.8 6.07 (4.02t010.98) 27.6 31.3 0.88 (0.68t0 1.22) 20.3 29.0 0.70 (0.61t0 0.81)
Pneumonia: 275.2 33.1 8.32(5.19t017.02) 11.4 15.8 0.72 (0.50t0 1.16) 9.5 17.8 0.53 (0.46 t0 0.63)
Unspecified viral 34.6 0.6 56.39 (9.95t0 )% 1.8 0.5 3.34(0.96t0c0)t 0.4 0.9 0.43(0.32t00.62)
Other 48.0 32.5 1.48 (0.92 t0 3.10) 5.0 15.3 0.33(0.23t00.53) 9.0 16.9 0.53 (0.46 t0 0.63)
Covid-19 192.6 0.0 = 4.6 0.0 = 0.0 0.0 =
Other 14.9 16.1 0.92 (0.51 to 2.85) 16.2 15.3 1.06 (0.77t0 1.63) 10.8 11.3 0.95 (0.84 to 1.08)
Non-communicable diseases 757.6 625.5 1.21 (1.03to 1.46) 744.1 760.1 0.98 (0.85t0 1.14) 606.7 635.7 0.95 (0.87 to 1.05)
Cancer 186.4 182.7 1.02 (0.81to0 1.33) 179.1 166.3 1.08 (0.94t01.25) 153.9 155.1 0.99 (0.93 to 1.06)
Cardiovascular disease: 408.1 316.0 1.29 (1.05t0 1.65) 416.1 424.8 0.98 (0.831t01.18) 334.0 349.8 0.95 (0.86 to 1.07)
Myocardial infarction 139.9 114.0 1.23 (0.93 t0 1.73) 150.4 157.6 0.95 (0.78t0 1.20) 135.9 145.9 0.93 (0.84 to 1.04)
Ischaemic stroke 96.9 77.3 1.24 (0.831t02.19) 70.0 64.0 1.03 (0.841t0 1.30) 82.2 85.2 0.96 (0.86 t0 1.07)
Haemorrhagic stroke 56.6 45.7 1.25(0.91t01.91) 90.8 88.5 1.09 (0.88t0 1.42) 58.5 61.0 0.96 (0.87 to 1.08)
Hypertensive heart disease 59.9 29.9 2.00 (1.24t0 4.25) 483 58.7 0.82(0.631t01.13) 24.4 25.6 0.95 (0.841t0 1.10)
Chronic respiratory disease: 55.6 51.8 1.07 (0.72t01.87) 73.4 94.9 0.77 (0.60to 1.04) 55.2 67.2 0.82(0.7110 0.96)
Chronic obstructive pulmonary
disease 45.5 40.5 1.13(0.73t0 2.15) 64.9 86.8 0.75(0.581t0 1.01) 50.2 61.6 0.82(0.71100.95)
Diabetes 45.6 24.9 1.83 (1.08 t0 4.37) 17.5 17.7 0.99 (0.72t0 1.49) 18.5 19.6 0.94 (0.84 to 1.07)
Chronic kidney disease 7.2 4.8 1.51 (0.60 to o0)* 8.5 7.8 1.10 (0.70t0 2.16) 4.3 4.8 0.89 (0.76 t0 1.07)
Other 54.6 49.3 1.11(0.77 to 1.84) 49.5 48.6 1.02 (0.84101.28) 40.8 39.1 1.04 (0.95t0 1.15)
Injury 53.7 46.2 1.16 (0.77 t0 2.03) 83.6 74.8 1.12(0.88t0 1.47) 37.7 40.9 0.92 (0.84101.02)
Road traffic incident 4.6 7.2 0.63 (0.28 to oo)¥ 9.4 15.0 0.63 (0.44t00.99) 8.7 113 0.77 (0.68t0 0.88)
Suicide 11.7 7.0 1.66 (0.74 to o0)t 32.2 19.9 1.62(1.15t02.53) 5.3 4.9 1.09 (0.93 to 1.30)
Fall 24.5 17.1 1.43(0.81103.92) 22.0 19.0 1.16 (0.83t0 1.77) 12.4 12.8 0.97 (0.87 to 1.09)
Other 13.0 15.1 0.86 (0.45 10 2.87) 20.0 20.8 0.96 (0.641t01.64) 11.3 12.3 0.92(0.77t0 1.11)
All other diseases 45.8 23.8 1.92 (1.17 t0 4.32) 11.9 9.0 1.33(0.86102.48) 10.8 10.9 0.99 (0.86 to 1.15)

*Sum of rates from different diseases might not add up to the category sum or overall total owing to rounding in the models.
tIncludes a small number of deaths from maternal, perinatal, and nutritional diseases.
$For certain less common diseases, the upper limits of the rate ratio become infinitely large because they involved zero predicted cases in certain circumstances.
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50 years or older, with little difference in mortality rates
from other diseases.

In the whole of Wuhan city (ie, three DSP districts and
10 non-DSP districts), 5954 additional deaths occurred
during January-March 2020 than in the same period of
2019, representing a 33% increase in overall mortality
rate (table 2). (If the Wuhan DSP adjustment ratio is
applied for possible delay in reporting deaths, then the

increase in overall mortality in 2020 was 42%.) Among
the total excess deaths, 61% (n=3653/5954) were due
to covid-19 related pneumonia, 15% (920/5954) to
other types of pneumonia (mainly unspecified viral
pneumonia), and the remainder (1381/5954, 23%) to
a range of other diseases (cardiovascular disease and
hypertensive heart disease in particular, and diabetes).
As in the Wuhan DSP areas, much of the increase in

All causes Pneumonia Cancer
Hubei China Hubei China Hubei China
without without without without without without
Wuhan DSP Wuhan Hubei Wuhan DSP Wuhan Hubei Wuhan DSP Wuhan Hubei
3 2500 ; ; ; ; ; 0~ ; ; ; ; ; 50 ; ; ; ; ;
t=) ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
S : : : : : : : : : : : : : ; : : : :
o : : : : : : : : : : : : ] ] : : : :
=] : : : : : : : : : : : ] : : : :
T 2000 ' ' ' 750 ' ' ' ' ' 200 ; ! : ' '
& E E E E - - E E E E E E P d ) : :
o E E E E Z Z E E E E E E : : AT : ;
B 1500 i S P 500+ —— b 150 & e B
2 E E E E ' ' E E E E E E E : E E E E
I : : : : : : : : : : : :
5 1000 — e 250 i e P 100+ o o
= | PR e o P o o P P
el [N ey L L o L o o
500 ! : : : : i —_— T 50 : : : : :
Myocardial infarction Ischaemic stroke COPD
Hubei China Hubei China Hubei China
without without without without without without
Wuhan DSP Wuhan Hubei Wuhan DSP Wuhan Hubei Wuhan DSP Wuhan Hubei
S 250 : : : : : 00 : : : : : 00 ; ; ; ; ;
o ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
S ! : : : : : : : : : : : : : : : : :
o ! : : : : : : : : : : : : : : : : :
=4 : : : : : : : :
T 150 : : : : : 150 :
] : : : : : : : :
& : : : : : : : :
2 ’ : : : E : : :
© 100 ; ; ! ! : ' 100 — !
z — | | [PPSR v
= I |
£ 50— E E E E - 50 :
2 T B S N RN
0 : : H H : H 0 : :
Diabetes Road traffic injury Suicide
Hubei China Hubei China Hubei China
without without without without without without
Wuhan DSP Wuhan Hubei Wuhan DSP Wuhan Hubei Wuhan DSP Wuhan Hubei
S 100 : : : : : 40 : : : : : 60 ; ; ; ; ;
o ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
S : : : : : : : : : : : : : : : : : :
o : : : : : : : : : : : : : : : : : :
=] : : : : : : : : : : : : :
T 75 : : : : : 30 : : : 45 ! ! ! !
] ; : : : : : : : H : : : : : : ; : :
& p : : : : : : : ; : : : : : : : : :
2 P P P P S P P P P
® S0 ! ! ! ! ! 20 ! ; i ! ! 30 ! ] i ! !
2 | E : : : : : ; i : : E ; : :
= b e T — | N N [ =
o o P o A P T P e
ot : : : : : ot ! : : : : ot : : : : :
1 7 13 1 13 1 7 13 1 7 13 1 7 13 1 7 13 1 7 13 1 7 13 1 7 13
N Yoo N Yoo N ) N v o N v v N Yoo N Yoo N NS
SN A T N AT o N o AN A S N AP AN o N A R A2 RN W
RGN G SRCHINCHR RUR RGN GER SRCRCR SRUN RGN SRCHIN R RN

Weeks from January to March

Weeks from January to March

Weeks from January to March

Fig 1 | Trends in weekly observed (dashed orange lines) versus predicted (blue solid lines) mortality rates for selected major diseases between 1
January and 31 March 2020 in China across different Disease Surveillance Point areas. First vertical dotted line indicates the time when lockdown
was implemented in Wuhan. Second vertical dotted line indicates when temporary makeshift hospitals were closed in Wuhan that provided central
quarantines for all people who tested positive for severe acute respiratory coronavirus 2 during the coronavirus disease 2019 outbreak. For
different diseases, the ranges of mortality rates vary in y axis. The shaded areas indicate 95% confidence intervals for predicted mortality rates.
COPD=chronic obstructive pulmonary disease
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Fig 2 | Age specific trends in weekly all cause, pneumonia, and other disease mortality rates during 1 January and 31 March 2020 compared with
2015-19 in China across different Disease Surveillance Point (DSP) areas. Dashed orange lines indicate observed mortality rates in 2020 and blue
solid lines indicate mean mortality rates in 2015-19. For different diseases, the ranges of mortality rates in the y axis differ between Wuhan DSP

areas and elsewhere

non-covid-19 related pneumonia occurred before mid-
February 2020 (see supplementary fig 3). A significant
decrease in deaths from road traffic incidents and a
significant increase in deaths from suicide and falls
were found (table 2).

In Wuhan city, the excess all cause mortality was
substantially greater in the six central districts than
in the seven suburban districts (50% v 15%; table 2),
as were changes in weekly overall mortality rates (see
supplementary fig 6). Unlike in the central districts,
little difference was found in the weekly mortality from
other non-pneumonia diseases between 2020 and 2019

in suburban districts. In both central and suburban
districts, the excess mortality was greater in men than in
women, especially for pneumonia (see supplementary
fig 7). For deaths from pneumonia, the increase in 2020
was seen both inside and outside of hospital (fig 3). For
deaths from causes other than pneumonia, however,
there were contrasting patterns, with significant
reductions in hospital deaths and significant increases
in non-hospital deaths in 2020 compared with 2019.
The contrasting patterns were evident only in central
districts, with little difference observed in suburban
districts.
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Table 2 | Number of observed deaths from major diseases during the first quarter of 2019 and 2020 in central and
suburban districts of Wuhan city
Central districts (n=6)

Suburban districts (n=7) All Wuhan city (n=13)

Causes of death 2020 2019 Ratio 2020 2019 Ratio 2020 2019 Ratio
All causes 13767 9181 1.50 10415 9047 1.15 24182 18228 1.33
Infectious diseases* 4197 781 5.37 1490 387 3.85 5687 1168 4.87
Pneumonia: 4022 539 7.46 1302 212 6.14 5324 751 7.09
Unspecified viral 500 6 83.33 191 15 1273 691 21 32.90
Other 797 533 1.50 183 197 0.93 980 730 1.34
Covid-19 2725 0 = 928 0 = 3653 0 =
Other 175 242 0.72 188 175 1.07 363 417 0.87
Non-communicable diseases 8553 7623 1.12 8106 7924 1.02 16659 15547 1.07
Cancer 2010 2124 0.95 2223 2046 1.09 4233 4170 1.02
Cardiovascular disease: 4628 3886 1.19 4500 4379 1.03 9128 8265 1.10
Myocardial infarction 1668 1426 1.17 1313 1411 0.93 2981 2837 1.05
Ischaemic stroke 1142 938 1.22 928 867 1.07 2070 1805 1.15
Haemorrhagic stroke 512 529 0.97 978 972 1.01 1490 1501 0.99
Hypertensive heart disease 681 376 1.81 404 309 1.31 1085 685 1.58
Chronic respiratory disease: 582 618 0.94 515 715 0.72 1097 1333 0.82
Chronic obstructive pulmonary disease 479 499 0.96 361 550 0.66 840 1049 0.80
Diabetes 544 287 1.90 236 230 1.03 780 517 1.51
Chronic kidney disease 91 59 1.54 96 82 1.17 187 141 1.33
Other 698 649 1.08 536 472 1.14 1234 1121 1.10
Injury 527 476 1.11 571 589 0.97 1098 1065 1.03
Road traffic incident 29 97 0.30 61 153 0.40 90 250 0.36
Suicide 118 69 1.71 113 60 1.88 231 129 1.79
Fall 281 183 1.54 252 217 1.16 533 400 1.33
Other 99 127 0.78 145 159 0.91 244 286 0.85
All other diseases 490 301 1.63 248 147 1.69 738 448 1.65

*Includes a small number of deaths from maternal, perinatal, and nutritional diseases.

4500. Apart from pneumonia, about 1400 additional
deaths were due to several chronic diseases. When

Discussion
Using nationally representative mortality data that

covered one fifth of the total population in China and
the whole of Wuhan city, the present study showed
that during three months of the covid-19 outbhreak
(January to March 2020), deaths in Wuhan significantly
increased not only from pneumonia, mostly related to
covid-19, but also from several other major diseases.
The excess mortality rates were greater in central than
suburban districts and coincided with the increase and
decrease of the covid-19 epidemic. Outside of Wuhan,
however, no increase was found in overall mortality
and, if anything, the observed mortality rates from
various types of pneumonia (except that caused by
SARS-CoV-2), chronic respiratory diseases, and road
traffic incidents were lower than the predicated rates,
all of which coincided closely with the lockdown.

Comparison with other studies

In Wuhan city, the most recent official figures released on
17 April 2020 suggested that 3869 deaths were directly
attributable to covid-19."> %° ** Based on more careful
and comprehensive analyses, our study indicated that
during three months of the covid-19 outbreak, about
6000 more deaths occurred in January to March 2020
compared with the same period in 2019, including
3653 deaths from covid-19 related pneumonia and 920
excess deaths from other types of pneumonia, primarily
unspecified viral pneumonia. Most of the excess deaths
from non-covid-19 related pneumonia occurred before
mid-February (ie, before testing for covid-19 became
widely available), suggesting a high proportion of the
deaths could be due to covid-19, which would increase
the total estimated number of covid-19 deaths to around

thebmj | BMJ2021;372:n415 | doi: 10.1136/bmj.n415

examined separately by location of deaths, significant
reductions were found in hospital deaths and significant
increases in non-hospital deaths, suggesting that
difficulty in accessing hospital services or a reluctance
to seek hospital care during the outbreak probably
explained much of the observed excess mortality from
non-pneumonia related diseases. Coinciding with the
initial spread of covid-19 in Wuhan, much of the excess
mortality was restricted to central districts, with much
smaller numbers of excess deaths in suburban districts
of Wuhan (and other parts of Hubei province).

Consistent with previous reports in China and
elsewhere,?> 2 2% the excess deaths from covid-19 related
and other pneumonias in Wuhan city were significantly
greater in older than in younger adults, especially
among those aged 70 years or older. Moreover, given age,
the excess risks were greater among men than among
women, consistent with previous findings in China and
elsewhere.?”?’ The reasons for differences in excess risks
between men and women cannot be properly explored
in the present study, which could reflect lower risks of
infection, decreased susceptibility to SARS-CoV-2, or
better survival prognosis after infection among women.
In China, the prevalence of tobacco smoking is much
higher in men than in women.?* Whether this might
explain some of the differences in mortality between
men and women warrants further investigation.

In China, much of the primary healthcare activities
related to long term management of chronic diseases
(eg, diabetes, hypertension, and ischaemic heart
disease) is mainly undertaken through hospitals.'’
During the outbreak, access to essential lifesaving drugs
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Fig 3 | Trends in weekly hospital and non-hospital mortality rates from all causes, pneumonia, and other diseases during 1 January and 31 March
2020 compared with 2019 across different districts of Wuhan city, China. Dashed orange lines indicate observed mortality rates in 2020 and blue
solid lines indicate observed mortality rates in 2019

such as insulin, and acute procedures such as stenting,
or the ability to monitor and manage major diseases
and associated risk factors (eg, blood pressure, blood
glucose levels) through hospital visits was severely
compromised, leading to an exacerbation of established
diseases and an increased risk of deaths (eg, diabetic
crisis). Evidence also suggests that covid-19 might cause
microclots in the circulatory system,’®*! and embed in
the heart, resulting in myocarditis,’®>? both of which, if
true, could increase the risk of cardiovascular diseases
such as myocardial infarction and ischaemic stroke.
Similarly, it has been hypothesised that SARS-CoV-2
might affect the pancreas and thereby increase the risk

of new onset diabetes, as well as cause exacerbation of
existing diabetes, leading to increased risk of deaths.*?
The excess mortality rates were particularly high for
hypertensive heart disease, which could be due to
poor control of hypertension during the lockdown
and possible interaction of SARS-CoV-2 infection with
certain antihypertensive drugs, such as angiotensin
converting enzyme inhibitors. Alternatively, this might
be partly or wholly due to coding issues. Indeed, in
Wuhan city, 13% of all deaths attributed to hypertensive
heart disease during 2020 (i.e., coded as underlying
cause of deaths on death certificates) were also found to
have myocardial infarction, coronary heart disease, or
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sudden cardiac death as contributing causes. Although
no evidence of immediate excess mortality from cancer
was found, the long term adverse impacts of the covid-19
outbreak on cancer survival (and other major diseases)
cannot be excluded owing to delayed diagnosis.

Outside of Wuhan city in Hubei and other regions of
China, the situation is totally different. Although a small
increase in deaths from covid-19 related pneumonia
occurred, these were more than offset by a reduction
in deaths from other types of pneumonia, which was
particularly evident after the lockdown. Likewise, there
was also a reduction in mortality from chronic respiratory
diseases, mainly chronic obstructive pulmonary disease,
consistent with reduced respiratory infections that could
otherwise exacerbate chronic obstructive pulmonary
disease to cause death. It is possible that the lockdown
along with improved personal hygiene, such as wearing
face masks and regular hand washing, might reduce
the risks of transmission of other pathogens that cause
pneumonia. Consistent with our study findings, the
2019-20 winter influenza season in Hong Kong was
much shorter than that during 2015-19, resulting in a
more than 60% decrease in the number of deaths from
laboratory confirmed influenza in adults.>* During
lockdown all unnecessary travel was suspended,
leading to an expected reduction in deaths from road
traffic incidents; however, as in Wuhan city, significant
excess deaths occurred from suicide in Hubei (but not in
other regions of China), perhaps owing to poor mental
wellbeing associated with the covid-19 outbreak, a stricter
lockdown in Hubei province than elsewhere in China,
and inadequate social support for mental wellbeing.
Although the proportional excess risks were similar
(around 60%), the absolute increases in suicide mortality
were much greater in other parts of Hubei than in Wuhan,
reflecting a higher burden of mental disorders in resource
poor rural areas outside of Wuhan city. Consistent with
our study findings, a recent study in China also showed
that mental health symptoms were common during the
covid-19 outbreak, especially among residents in Hubei
and those with confirmed or suspected infection or those
who had contact with someone with covid-19.?®

Strengths and limitations of this study

The chief strengths of the present study include the
large sample size, the use of nationally representative
samples covering all regions of mainland China, well
characterised mortality data (eg, <5% with ill defined
causes of death), the ability to examine and compare
mortality data between 2020 and 2015-19, and the
availability of cause specific mortality data in Wuhan
city beyond the three DSP districts. However, our
study also has several limitations. Firstly, individual
data collected through routine death registries were
too limited to enable more detailed analyses by
certain risk factors (eg, smoking status, adiposity) and
disease histories (eg, hypertension, diabetes, coronary
heart disease). Secondly, although appropriate, the
applied adjustments for probable delay in reporting
death across different DSP areas could still result
in under-estimation or overestimation of the likely
excess mortality, especially in Wuhan city and for non-
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pneumonia related deaths. However, the consistent
results for excess mortality from Wuhan DSP calculated
based on trend over a prolonged period and from Wuhan
central districts based on 2020 and 2019 comparisons
indicated that any underreporting for the whole of
Wuhan city is likely to be small. Thirdly, without proper
linkages to covid-19 test results, it is difficult to reliably
assess the true excess mortality attributed directly or
indirectly to covid-19. Moreover, there are challenges in
determining and assigning a single underlying cause of
death, especially during the early stages of the outbreak
and among patients with multiple pre-existing diseases,
as is the case with hypertensive heart disease. However,
any misclassifications might only affect risk estimates
for specific diseases and not overall mortality. Fourthly,
although nationally representative, the DSP system
currently covers only one fifth of the total population,
and for specific causes of death our ability to reliably
detect modest changes over time was still limited
because of relatively small number of events in different
areas. Fifthly, we were not able to directly examine the
impact of the covid-19 outbreak on hospital admissions,
routine clinical examinations (eg, for cancer diagnosis),
and case fatality rates, as the DSP system does not
routinely collect such information.

Conclusion

Nationwide evidence about trends in total and cause
specific mortality during three months of the initial
outbreak of covid-19 in China shows that in Wuhan
city (especially in central districts where the outbreak
was particularly serious), the death rate from all causes
was about 50% higher during the first quarter of 2020,
with the excess mortality due to not only pneumonia but
also several other major diseases. Outside of Wuhan,
no evidence was found of any significant increase in
overall mortality, suggesting the success of the rapid
control of the spread of SARS-CoV-2 in addition to
appropriate maintenance of healthcare services during
the nationwide lockdown. Moreover, the lockdown and
the associated behavioural changes (eg, wearing face
masks, regular hand washing, social distancing, and
restricted travel) also seemed to have other unintended
health benefits in addition to the intended effects of
reducing the spread of SARS-CoV-2. These findings
call for the establishment of unified nationwide death
registries that cover the entire population of China.
Furthermore, the findings highlight the need for rapid
and coordinated actions during major outbreaks of
infectious diseases to contain, suppress, and eradicate
transmission and minimise detrimental effects on
human health and societal and economic activities.
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