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COVID-19 Omicron outbreak
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Abstract

Background In April 2022, an outbreak of the SARS-CoV-2 virus Omicron variant in

Shanghai precipitated an extensive lockdown. We assessed changes in healthcare utilization

during this outbreak and investigated the relationship between the stringency of mitigation

strategies and disruptions in healthcare utilization.

Methods Using provincial-level data from routine health information systems covering all

hospitals across Mainland China, we conducted an interrupted time series analysis to

examine changes in healthcare utilization during the Shanghai outbreak. Linear regression

was used to evaluate the direction and magnitude of the association between the relative

changes in the move-out movement index, a proxy for the stringency in population-level

mitigation strategies, and the estimated relative changes in healthcare utilization.

Results Overall, there were 22.9 billion outpatient visits and 1.2 billion discharged inpatients

during the study period from January 2016 to May 2022, including 9.1 billion (39.7%) and

0.46 billion (38.2%) in the post-COVID-19 period (January 2020–May 2022), respectively.

From March through May 2022, the outbreak resulted in an accumulative loss of 23.5 million

(47%) outpatient visits and 0.6 million (55%) discharged inpatients in Shanghai, and a loss

of 150.3 million (14%) outpatient visits and 3.6 million (7%) discharged inpatients in other

regions. We find that for every 10-percentage point reduction in the relative change of move-

out index, a 2.7 (95% CI: 2.0–3.4) percentage point decline in the relative change of out-

patient visits, and a 4.3 (95% CI: 3.5–5.2) percentage points decline in the relative change of

inpatient discharges.

Conclusions The Shanghai COVID-19 Omicron outbreak associates with a substantial

reduction in outpatient visits and inpatient discharges within Shanghai and other regions in

China. The stringency of the COVID-19 lockdown policies associates with more profound

reductions in healthcare utilization.
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Plain language summary
In April 2022, outbreaks in Shanghai

owing to the SARS-CoV-2 virus

Omicron variant prompted China’s

most extensive lockdown since the

2020 Wuhan shutdown. We use

mathematical models to study the

impact of stringent lockdown mea-

sures on the nation’s use of health-

care services. We estimate that

Omicron outbreak have reduced the

number of outpatient visits and

inpatients discharged from hospitals

by 47% and 55%, respectively, in

Shanghai alone, and 14% and 7% at

the nationwide level. We show there

is a direct correlation between

increased level of strictness of lock-

down strategies and reduction in

healthcare usage. Our findings high-

light the importance of investing in

preparations of future pandemics, so

that access to essential healthcare

facilities is unaffected
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The first cases of the COVID-19 pandemic were reported in
Wuhan, China, in late 20191. Owing to strict containment
measures and a centralized epidemic response system, the

initial wave of the pandemic in China was quickly controlled2–4.
Since March 2020, reported COVID-19 incidence and mortality
in China have remained at very low levels compared to most
countries5. Locally transmitted COVID-19 infections in China
occurred after containment measures were relaxed. However,
these outbreaks have been minor, even while other regions in the
world continued to struggle to control repeated waves of COVID-
192,6. The Delta variant of the SARS-CoV-2 virus, first identified
in India in late 20207, quickly became the dominant strain
worldwide, causing an expansive wave of new infections8. In
response to the spread of this highly transmissible variant, China
adopted a “Dynamic zero-COVID” policy, which mandated that
cases of infection be kept at or near zero using a strict and timely
trace and manage approach (to “find one, end one”), sometimes
accompanied by lockdown mandates6.

In March 2022, COVID-19 cases in China hit a 2-year high
owing to an outbreak of the Omicron variant in Shanghai9. To
reduce the spread of the pandemic, Shanghai announced a phased
lockdown in late March followed by a city-wide lockdown
beginning on April 3. Mitigation measures included movement
restrictions, home confinement, and suspension of all non-
essential production and commercial activities9,10. The lockdown
in Shanghai—China’s most populous city—represented the most
extensive lockdown since the Wuhan shutdown in the initial
phase of the pandemic in 2020. Despite the efficacy of the lock-
down in Shanghai in ultimately stopping widespread virus
transmission, it nonetheless produced a broad range of secondary
social, economic, and health consequences9,11,12. In addition, at
least 71 cities in 21 provinces reported COVID-19 cases related to
the Shanghai outbreak by the end of March 202213. In pursuit of
zero-COVID, localized COVID-19 lockdowns proliferated across
China; as of the second week of April 2022, this has led to full or
partial lockdowns in 45 cities (with a combined 373 million
people) that accounted for 40% of China’s economic output14.

Studies that assess COVID-19-induced changes in healthcare
utilization in China have only assessed changes in healthcare uti-
lization in the first few months of the pandemic or have covered
small geographic areas or a limited number of health facilities15–18.
Thus, little is known about the susceptibility and resilience of
healthcare services at local or national levels during successive
waves of COVID-19 under the Dynamic Zero-COVID policy. In
this study, we examine changes in patterns of healthcare utilization
in Shanghai and other regions in China during the Shanghai
COVID-19 Omicron Outbreak in 2022. We also explore the rela-
tionship between the stringency of the COVID-19 containment
response and the magnitude of the disruptions in healthcare uti-
lization. We estimate that Omicron outbreaks reduce the number
of outpatient visits and inpatients discharged from their hospital
stay by 47% and 55%, respectively, in Shanghai alone, and 14% and
7% at the nationwide level. We show that the increased level of
stringency of regional and local lockdown measures is strongly
related to the reduction in healthcare utilization.

Methods
Data sources and outcomes. Healthcare service utilization data
were from the Center for Health Statistics and Information,
National Health Commission of China. Healthcare service utili-
zation volumes in both public and private hospitals at all levels
(i.e., primary, secondary, tertiary hospitals, and unclassified hos-
pitals) are required to be reported directly on a monthly basis to
the provincial-level electronic direct-reporting platforms. Pro-
vincial Health Commissions verify and review the data at the

primary level, investigate missing reports, and report monthly
aggregates to the National Health Commission. The National
Health Commission provides technical training and support to
staff at the provincial and county level involved in the reporting
process, and oversees and checks the quality of data at the sec-
ondary level. The monthly number of hospital visits (outpatient
and emergency department visits) and number of inpatients
discharged from hospitals between January 2016 and May 2022
by region (province, municipality, and autonomous region) in
mainland China (except Hong Kong and Macau) were obtained.
Yearly population estimates by region were extracted from China
Statistical Yearbooks. Daily counts of COVID-19 cases by pro-
vince were obtained from the COVID-19 Data Repository pro-
vided by the Center for Systems Science and Engineering at Johns
Hopkins University19.

Variable definitions. The primary outcomes were aggregate,
province-level monthly number of hospital visits (outpatient and
emergency department visits) and number of inpatients discharged
from hospitals. The move-out movement index, a mobility index
sourced from the Baidu Migration Index (BDMI), was used to
represent how extensive were local lock-down measures and served
as a proxy for the stringency index (with low mobility indicating
more stringent restrictions)20,21. The BDMI is the most widely used
mobility data in China. It is derived based on travel data from over
120 billion daily location requests from mobile phone apps,
including Baidu Map that uses Baidu’s location services20. The
move-out movement index of a specific area (city or province) is
measured as the daily proportion of users that travel out of this
region. The BDMI also provides other indices at different spatial
scales, including a measure of within-city mobility intensity and one
of inter/intra-provinces mobility intensity. These latter indices were
not used since Baidu stopped updating them after May 202020. As
the move-out movement index for each provincial capital reflects
both the inter- and intra-provinces mobility intensity, we used it as
the proxy for the average stringency level in each province.

The analysis of de-identified, publicly available summary data
does not constitute human subjects research as defined by
regulation (45 CFR 46.102[d]). Therefore, no additional ethical
approval was sought for conducting the study from authors’
affiliated institutions.

Statistics and reproducibility. We used an interrupted time
series analysis22 to estimate changes in healthcare utilization
associated with the Shanghai COVID-19 Omicron outbreak
beginning in March 2022. Given a disperse variation structure in
monthly counts of utilization, we modeled the outcomes using a
segmented negative binomial regression parameterization defin-
ing both pre-COVID-19 trends (January 2016 to December 2019)
and distinct post-COVID-19 periods that reflected different
pandemic periods as experienced within China. We included a
linear effect of time to capture the long-term secular trend of
healthcare utilization in the pre-COVID period. We also included
fixed-effect monthly indicators and the number of spring festival
days to account for observed seasonal patterns and the effect of
the spring festival. The negative binomial model equation (Eq. 1)
estimating monthly utilization was expressed as follows:

EðlnðYtÞÞ ¼ β0 þ β1Tt þ β2 Lockdownþ βrec1ðTt � Tt1Þ

þ βrec2ðTt � Tt2Þ þ ∑
5

i¼3
βSHiOmicronti þ ∑

12

j¼2
βmjMtj

þ β3SFt þ offsetðlnðPtÞ
ð1Þ
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Here, Yt represents healthcare utilization volume, β0 represents
the estimated volume at the beginning of the pre-pandemic
period, β1 represents the monthly change over the pre-COVID
period, Tt represent the time since the start of the study period, β2
is the change in healthcare utilization during the initial lockdown
period (February-March 2020, denoted by the indicator variable
Lockdown), βrec1 represents the average monthly change in
utilization during the initial recovery period from April to June
2020 when the first wave had been controlled and lockdowns had
mostly been lifted throughout China, and βrec2 represents the
average monthly change in utilization during the subsequent
recovery period from July 2020 onward, during which time
COVID-19 cases have remained at a low level nationwide. Tt-Tt1

and Tt-Tt2 represent the times from March 2020 and June 2020,
respectively. βSHi is the change in utilization in each month
during the Shanghai Omicron outbreak, and Omicronti is the
indicator of each month of the Shanghai Omicron outbreak from
March to May 2022. Mtj is the indicator of calendar month with
the month of January as the reference category, SFt is the number
of days of the spring festival holiday, and Pt represents the
catchment population of hospitals in each province. Newey-West
standard errors with autocorrelation of up to three lags were used.

We reported the incidence rate ratio (IRR) of estimates for
model-fitted (factual) versus model-expected (counterfactual; i.e.,
had the Shanghai outbreak not occurred) estimates, quantified as
exp(βSHi), for each month from March to May 2022. Secondarily,
we estimated the overall change, calculated as the difference
between the sum of fitted monthly outcomes in the presence of
the Omicron outbreak (i.e., factual estimate) and that in the
absence of the outbreak (i.e., counterfactual estimate), over the
entire period (March to May 2022). We simulated 1000
predictions per month under each scenario (factual estimate
and counterfactual estimate) using the estimated coefficients and
their variance-covariance matrix of the multivariate normal
distribution derived from the model. The 2.5 and 97.5 percentiles
of the simulated values represented the 95% confidence interval of
the difference. P-values were calculated as the smaller of the
proportion of simulated values falling above or below zero
(depending on the direction of the comparison), multiplied by
two to indicate a 2-sided p-value.

We conducted regression analyses for outpatient visits and
inpatient volume separately and repeated the analyses for
Shanghai and each of the other provinces. We also used linear
regression to evaluate the association between the relative changes
in move-out movement index and the estimated relative changes
in healthcare utilization. The change in the move-out movement
index was calculated as the average relative change in the daily
move-out movement index of a month compared to that of the
same month in the prior year.

All analyses were conducted in R-Version 4.0.2 (R Project for
Statistical Computing). A two-sided p < 0.05 was deemed to be
statistically significant. This study is reported as per the
Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines for cohort studies.

Reporting summary. Further information on research design is
available in the Nature Portfolio Reporting Summary linked to
this article.

Results
The total number of hospitals in the analysis increased from
27,226 in 2016 to 36,451 in 2022, serving a total population of
approximately 1.4 billion people. Significant increasing trends in
monthly hospital outpatient visits and inpatient volume were
observed across the pre-COVID period. These temporal trends

were accounted for in the regression model. In total, there were
about 22.9 billion outpatient visits and 1.2 billion discharged
inpatients during the study period from January 1, 2016 to May
31, 2022, including 9.1 billion (39.7%) outpatient visits and 0.46
billion (38.2%) discharged inpatients in the post-COVID period
(Table 1). A total of 224,131 COVID-19 cases were reported in
the study period, including 81,752 (36.5%) before April 2020, and
27,667 (12.3%) from April 2020 to February 2022. Since the
Shanghai outbreak, 114,603 (51.2%) COVID-19 cases were
reported among all provinces, municipalities, and autonomous
regions except Tibet and Ningxia, ranging from 12 in Xinjiang to
58,579 in Shanghai (median: 457; Interquartile Range: 737)
(Table 2).

Model-based estimates of change in healthcare utilization after
the Shanghai Omicron Outbreak. Immediately after the onset of
the outbreak in Shanghai in March 2022, there was a statistically
significant decrease in both outpatient visits (IRR= 0.81, 95% CI:
0.73–0.90; p < 0.0001) and inpatient discharges (IRR= 0.70, 95%
CI: 0.66–0.74; P < 0.0001) in Shanghai (Table 3). A statistically
significant decrease in outpatient visits (IRR= 0.86, 95% CI:
0.82–0.89; p < 0.0001) was also observed in other provinces of
China in March, but not in inpatient visits (IRR= 1.01, 95%
CI:0.97–1.04; p= 0.72). Following the city-wide lockdown in
Shanghai in April 2022, a more precipitous decline in healthcare
utilization was observed, with a 71% (IRR= 0.29, 95% CI:
0.26–0.31; p < 0.0001) and 80% (IRR= 0.20, 95% CI: 0.19–0.22;
p < 0.0001) decrease in outpatient and inpatient volume, respec-
tively, in Shanghai, with corresponding decreases of 22%
(IRR= 0.78, 95% CI: 0.75–0.82; p < 0.0001) and 14% (IRR= 0.86,
95% CI: 0.83–0.90; p < 0.0001), respectively, in other provinces.
Similar, though somewhat less extreme, patterns were observed
for May, 2022. During the entire 3-month period March–May,
2022, decreases in outpatient and inpatient volume were statis-
tically significant (p < 0.0001) in Shanghai and the rest of China.

By the end of May 2022, the Omicron outbreak resulted in a
cumulative loss of 23.5 million (47%, 95% CI: 44–50%;
p < 0.0001) outpatient visits and 0.6 million (55%, 95% CI:
53–57%; p < 0.0001) discharged inpatients in Shanghai, and a
cumulative loss of 150.3 million (14%, 95% CI: 12%–16%;
p < 0.0001) outpatient visits and 3.6 million (7%, 95% CI: 4–10%;
p < 0.0001) inpatient discharges in other regions. Overall,
decreases were statistically significant in all regions for outpatient
visits, and in 21 regions for inpatient discharges.

Association between mobility index and healthcare utilization.
There was a positive association between the relative change in
the move-out movement index and the magnitude of change in
outpatient visits or inpatient volume. For each 10-percentage
point reduction in the relative change (compared to the prior
year) in the move-out index (e.g., relative reduction from −50%
down to −60%), a 2.7 (95% CI: 2.0–3.4; p < 0.0001) percentage
point decline in the relative change (compared to the counter-
factual estimates) of outpatient visits (e.g., relative reduction from
−15% down to −17.7%), and a 4.3 (95% CI: 3.5–5.2; p < 0.0001)
percentage points decline in the relative change of inpatient
discharges, was found (Fig. 1).

In February 2022, simultaneous decreases in both the move-
out movement index and outpatient visits were found in two (2/
31) regions that accounted for 23.8% of monthly COVID-19
cases and 5.3% of the population in China. In contrast,
simultaneous decreases in both the move-out movement index
and outpatient visits were found in 23 regions (94.8% of COVID-
19 cases; 79.7% of population) in March 2022, and all of the 31
regions in April 2022 (Figs. 1, 2). A similar pattern was observed
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with respect to the move-out movement index and inpatient
discharges (Figs. 1, 2).

Discussion
This is a comprehensive examination of national patterns of
healthcare utilization in China under China’s Dynamic zero-
COVID policy during the Omicron outbreak centered in
Shanghai. We observed dramatic reductions of more than 70% in
both outpatient visits and inpatient discharges in Shanghai.
Importantly, we observed notable reductions in healthcare

utilization in other provinces as well. In total, nationwide in
China, the magnitude of lost outpatient visits from March
through May, 2022 was over 170 million, and of lost inpatient
discharges was over 4 million. There was also clear evidence that
the reduction in healthcare utilizations was strongly related to the
level of stringency of regional and local lockdown measures.

Pressure on patients and healthcare providers, institutions, and
systems imposed by the COVID-19 pandemic has been repeat-
edly and widely reported, both in China and worldwide16,23,24.
Our findings regarding unmet needs in healthcare services during
the lockdown in Shanghai are consistent with previously

Table 1 Number of outpatient visits and inpatient discharges, Jan 2016—May 2022.

2016 2017 2018 2019 2020 2021 2022 (January-
May)

2022 (March-
May)

Shanghai Outpatient visitsa 150,312 153,178 159,422 169,181 133,036 169,125 59,851 26,332
Inpatients
Dischargeda

3409 3687 3997 4510 3632 4299 1158 490

Other
regions

Outpatient visitsa 3,022,489 3,204,599 3,376,381 3,554,440 3,153,946 4,014,284 1,557,986 945,411
Inpatients
Dischargeda

165,234 178,612 191,145 197,586 178,701 194,107 80,150 49,190

Total Outpatient visitsa 3,172,801 3,357,777 3,535,803 3,723,621 3,286,982 4,183,409 1,617,837 912,743
Inpatients
Dischargeda

168,643 182,299 195,142 202,096 182,333 198,406 81,308 49,680

Number of
hospitals

27,226 28,751 30,294 32,476 33,972 35,112 36,451 36,451

aNumbers measured in thousand.

Table 2 Population and number of COVID-19 cases in each region of Mainland China, Jan 2020–May 2022.

Region Population in 2022 (million) COVID-19 Cases

2020 2021 Jan-22 Feb-22 Mar-22 Apr-22 May-22 Jan-May, 2022

Shanghai 242.4 1516 1587 662 585 2104 51098 5457 59906
Anhui 632.4 993 16 0 3 25 28 0 56
Beijing 215.4 987 224 137 131 290 386 1227 2171
Chongqing 310.2 590 21 2 7 71 7 14 101
Fujian 394.1 513 850 92 107 1215 242 243 1899
Gansu 263.7 182 174 0 12 313 0 0 325
Guangdong 1134.6 2046 1411 304 924 1907 462 249 3846
Guangxi 492.6 264 358 93 400 364 108 47 1012
Guizhou 360 147 13 1 1 12 5 6 25
Hainan 93.4 171 19 0 1 5 92 0 98
Hebei 755.6 373 1085 15 3 476 46 7 547
Heilongjiang 377.3 964 1071 29 19 323 546 32 949
Henan 960.5 1299 342 1015 11 162 77 276 1541
Hubei 591.7 68149 168 3 37 34 7 1 82
Hunan 689.9 1021 201 8 3 91 61 8 171
Jiangsu 805.1 684 941 5 149 232 195 29 610
Jiangxi 464.8 935 24 0 0 77 333 14 424
Jilin 270.4 157 432 2 14 28458 11148 82 39704
Liaoning 435.9 351 444 17 215 555 63 30 880
Inner Mongolia 253.4 364 822 5 407 85 67 3 567
Ningxia 68.8 75 47 0 0 0 0 0 0
Qinghai 60.3 18 12 0 0 2 63 52 117
Shaanxi 386.4 507 1712 607 0 395 56 6 1064
Shandong 1004.7 862 181 32 57 1444 141 18 1692
Shanxi 371.8 224 42 2 16 26 108 2 154
Sichuan 834.1 853 468 53 88 290 297 283 1011
Tianjin 156 309 280 461 76 661 15 172 1385
Tibet 34.4 1 0 0 0 0 0 0 0
Xinjiang 248.7 980 1 15 0 1 8 3 27
Yunnan 483 229 1588 64 75 110 53 30 332
Zhejiang 573.7 1306 710 202 47 417 427 28 1121
Total 13965.3 87070 15244 3826 3388 40145 66139 8319 121817
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published estimates10,25,26. Several reasons have been cited for
declining healthcare utilization during the COVID-19 pandemic.
In part, the observed declines in healthcare utilization may be
explained by a reduction in need. For instance, decreased mobility
has led to lower incidence of road traffic injuries27. Reduced
economic activity has been accompanied by lower levels of air
pollutants and thus lower incidence of pollution-related condi-
tions including stroke, ischemic heart diseases and chronic
obstructive pulmonary diseases27,28. Bans on gatherings and
requirements for social distancing and mandatory mask wearing
have likely contributed to the reduced spread of other infectious
disease including flu, infectious diarrhea, and Hand-foot-and-
mouth disease29. However, the declines in healthcare utilization
have also been shown to reflect unmet healthcare needs, due to
multiple reasons including the public’s fear of COVID-19 con-
tagion risks in health facilities, the suspension or cancellation of
non-COVID-19 care, barriers imposed by lockdown policies (e.g.,
curfews, transport closures and home confinement), as well as
financial barriers due to loss of remuneration or health
insurance15,24,30,31. The redeployment of health workers or health
facilities towards prevention and care for COVID-19 has likely
also depressed care for other diseases16,24,31. For the Shanghai
outbreak, not only were health workers from health facilities
within Shanghai redeployed to provide care for COVID-19, but
also, a large number of health workers from other regions were
deployed to Shanghai, which likely adverse impacted healthcare
utilization for regions outside Shanghai32.

The interruptions in care due to the COVID-19 pandemic have
been demonstrated to adversely impact conditions as varied as
cancer33, cardiovascular diseases34, mental health35, preterm
birth delivery36, and maternal and child mortality37. Vulnerable
populations have been disproportionately affected, including
women, racial and ethnic minorities, rural residents that his-
torically lack access to subspecialty healthcare services, those with
chronic diseases, and those with low socioeconomic status15,38–40.
There is increasing concern that persistent unmet need for
healthcare services could reverse China’s decades of progress in
promoting healthcare accessibility, health outcomes, and
equity24,41,42.

A critical question for policymakers, both inside and outside of
China, is how to balance population-level mitigation measures
aimed at stemming the morbidity and mortality due to COVID-
19 infections with the potential adverse consequences of those
measures on healthcare utilization. Our findings from the
Shanghai Omicron Outbreak demonstrate that strict lockdown
measures can stem a COVID-19 outbreak, but also have notable
collateral impacts on healthcare utilization for other diseases. The
COVID-19 pandemic has proven to be far more pervasive and
persistent than many first surmised, in response to which some
governments have repeatedly implemented lockdowns24,31,43.
China, for its part, has maintained the enforcement of zero-
COVID strategy for more than one year. It has been argued that
the unintended consequences of the COVID-19 response,
including collateral impacts on public health from disruptions in
the continuity of healthcare, may have outweighed the cumulative
effects on morbidity and mortality from COVID-19 itself44.
Given the resilience and persistence of the SARs-CoV-2 virus and
the likelihood that waves of COVID-19 will continue to impact
China, there is an urgent need to invest in strategies, both within
and beyond health systems, to ensure accessibility to non-
COVID-19 related healthcare, to compensate for missed services,
and to prevent the exacerbation of extant unmet needs for
healthcare.

Excessive epidemic control measures and the abuse of related
tools in China have been repeatedly reported and criticized,
particularly since the reoccurrence of COVID-19 outbreaks inT
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Fig. 1 The estimated change in healthcare utilization and move-out movement index by region, February–May 2022. Quadrant I (green dots), II (yellow
dots), III (red dots), and IV (blue dots) represents the upper right, bottom right, bottom left and upper left quadrant, respectively. The shading quadrant,
quadrant III, denotes regions with corresponding decreases in both the move-out movement index and patient volume. The size of the is scaled
proportionally to represent the number of monthly confirmed COVID-19 cases. The circles symbolize areas reporting zero monthly case.
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Shanghai45,46. To address this, the central government has taken
steps to attempt to optimize COVID prevention and control
policies, rectify irregular virus containment practices and to
refrain from making the policies rigidly uniform. On June 5 2022,
the State Council’s Joint Prevention and Control listed nine
practices that should be prohibited in response to growing
complaints that local governments were imposing excessive travel
restrictions, such as refusing to provide healthcare service for
patients with acute or critical illness47. The National Health
Commission launched a message board on June 28 2022 to
receive and help address problems submitted by the public. By
July 6, the commission had received nearly 14,000 complaints
about excessive COVID-19 restrictions imposed by local gov-
ernments, with approximately 500 complaints still received
per day through the end of July47. These reports suggest the
challenges inherent in a strategy that prioritizes reducing virus
transmission over other consideration of public health, even as
the recent outbreak in Shanghai has been successfully contained.
Likely given these challenges, it has been reported that Chinese
officials began to recalibrate its Dynamic Zero-COVID policy in
November 2022, and had officially ended the Zero-COVID policy
nationwide by early January 202346,48,49.

Our analysis has several strengths. We estimated the change of
hospital-based healthcare utilization in Shanghai and other
regions of China using administrative data that represented the
complete census of all hospitals in the country. The longitudinal
data, spanning multiple years before and after the outbreak,
provided near real-time surveillance of health system perfor-
mance, and revealed a comprehensive trajectory of healthcare
utilization at the sub-national level. Additionally, the corre-
sponding move-out movement indices enabled the examination
of the correlation between the stringency of COVID-19 con-
tainment response and the magnitude of the disruptions in
healthcare utilization. However, our study is also subject to lim-
itations. First, given the nature of the aggregated data, we were
not able to examine healthcare utilization patterns by individual
characteristics (e.g., sex, age, or disease type), nor was it feasible to
examine the heterogeneity in outcomes by hospital type. We were
unable to examine potential changes in the quality of healthcare

or the full indirect impact on health outcomes either. Second, the
data from the routine health information system generally did not
include the telemedicine consultations provided through hospital
or third-party platforms. Third, data on the number of tests,
which could be associated with the number of confirmed cases
was not available. Although some sparsely populated regions
distant from the epicenter of the outbreak (such as Tibet and
Ningxia) were reported to have had few or no cases, there is some
uncertainty whether these low estimates are attributable to an
actual absence of cases or a relatively lower number of tests
conducted in these areas. Finally, given the data, we were unable
to delineate those factors (e.g., changes in need or behaviors),
beyond mobility restrictions, that may have also been responsible
for declines in healthcare services.

This study provides a comprehensive assessment of changes of
healthcare utilization in China associated with the Shanghai out-
break to date. Nearly all regions in China, regardless of local
COVID-19 severity or traditional performance of health systems,
have experienced significant reductions in both outpatient visits
and inpatient discharges since the Shanghai outbreak. These find-
ings highlight the general need, both within China and beyond, to
develop and design resilient healthcare systems able to anticipate,
prepare for, and recover from public health emergencies, while
ensuring continuity in the provision of essential healthcare service
and protecting public health. Considering the prolonged nature of
the COVID-19 pandemic, this study offers evidentiary benchmarks
that may help guide public health researchers and policy makers as
they navigate the remainder of the COVID-19 pandemic and
anticipate potential future public health emergencies.

Data availability
Data underlying Fig. 1 could be found in Supplementary Data 1. Data underlying Fig. 2
could be found in Supplementary Data 1 and 2. The datasets generated and analyzed
during the current study could be obtained from H.X. upon request.

Code availability
The essential analysis codes used to produce the results are available in the Github
https://github.com/xiaohongpku/Shanghai-COVID-19-project
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