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ABSTRACT
Introduction The China Healthy Cities (Counties) public 
health initiative has been at the forefront of China’s 
efforts to counteract the growing challenges in the 
urban environment since the 1990s. It primarily focuses 
on improving the urban living environment. However, 
the nationwide health impacts of the initiative remain 
unexplored.
Methods We constructed nationwide county- level and 
city- level panel data from 1996 to 2012 using data on 
under- 5 mortality rates (U5MR), the list of China healthy 
cities and counties and socioeconomic factors. We 
used a two- step staggered difference- in- differences 
approach that exploits variations in the timing of 
achieving the title of China Healthy City/County. 
Subgroup analyses by region were performed.
Results We included 707 cities in the China Healthy 
Cities study, and 1631 counties in the China Healthy 
Counties study. Our results indicate substantial and 
significant reductions in U5MR associated with the 
public health initiative in China. The association varies 
across regions with different socioeconomic statuses. 
China Healthy Cities were significantly associated 
with a reduction of 0.7/1000 (95% CI −1.2 to −0.2) in 
under- 5 mortality 5 years after cities gained the title 
and a decrease of 1.4/1000 (95% CI −2.2 to −0.6) 10 
years afterward. Cities from western China saw the 
largest statistically significant gains with 3.2/1000 
and 7.2/1000 reductions in child mortality after 5 
and 10 years, respectively. China Healthy Counties 
were also associated with significant reductions in 
under- 5 mortality 8 years after achieving the title; it 
was associated with 2.6/1000 reductions in under- 5 
mortality nationwide and 3.8/1000 reductions in 
eastern China. Our results are robust to heterogeneous 
treatment effects across cities/counties over time and 
various model specifications.
Conclusion Our results suggest significant reductions 
in under- 5 mortality associated with this public 
health intervention focusing on living environment 
conditions. Future research could explore differential 
effects across regions and clarify the underlying causal 
mechanisms.

INTRODUCTION
As the world becomes more and more urban-
ised over the coming decades, sustainable 
development challenges are increasingly 
concentrated in cities, particularly in low- 
income and middle- income countries with 
the fastest urbanisation pace. One of these 
challenges is the short supply of essential 
public services needed to maintain a healthy 
environment. China has seen the most 
massive rural- to- urban migration in human 
history since its 1978 economic reforms, with 

Key questions

What is already known?
 ► The China Healthy Cities (Counties) public health 
initiative has been at the forefront of China’s public 
health efforts to counteract growing urban health 
challenges for decades.

 ► Previous studies have shown an association be-
tween the initiative and improved urban living envi-
ronmental conditions.

What are the new findings?
 ► We first evaluated the health impact of perhaps the 
most influential public health initiative in China’s 
history—China Healthy Cities (Counties)—with a 
comprehensive nationwide county/city- level panel 
data file.

 ► Our results suggest substantial and significant re-
ductions in under- 5 mortality associated with the 
public health initiative in China.

What do the new findings imply?
 ► Public health initiatives that focus on improving the 
urban living environment can have significant effects 
on health outcomes.

 ► Such programmes might be particularly important 
for areas facing severe health challenges, such as 
low- income and middle- income countries facing 
rapid urbanisation and environmental pollution.
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the urbanisation rate increasing from 17.9% in 1978 
to 56.1% in 2015.1 However, most of the cities failed to 
provide essential public health services such as garbage 
collection, sewage systems, flushing toilets and green 
spaces, especially in the late 1900s and early 2000s.2 To 
address these environmental risk factors and improve 
cities’ livability, China launched a public health improve-
ment initiative that includes China Healthy Cities in 
1989 and China Healthy Counties in 1997.3 The initiative 
resembles the WHO Healthy Cities project and primarily 
encourages investment in urban infrastructure, sanita-
tion, green space and environmental protection.4–6 Since 
then, it has been at the forefront of China’s public health 
efforts to counteract growing urban health challenges.

Prior studies have shown that a set of selected China 
Healthy Cities performed better than non- Healthy Cities 
regarding sewage and waste treatment, health promotion 
and infectious disease control.7–9 For instance, compared 
with a group of matched comparison cities, China 
Healthy Cities were associated with a 32 percentage 
points increase in the proportion of urban domestic 
sewage treated and a 30 percentage point increase in 
the proportion of urban domestic garbage treated.7 
Another descriptive study shows favourable performance 
for seven healthy cities from Henan province on urban 
environment, health and economy.9 Despite this prelim-
inary evidence, the national health impacts of this initia-
tive remain unclear. Given the initiative’s broad outreach 
and cities/counties’ considerable investments in public 
health improvements such as establishing or upgrading 
sewage treatment plants and waste disposal plants,10 
there is an urgent need for rigorous evaluations.

In this article, we compiled comprehensive and balanced 
panel data on all Chinese counties and cities from 1996 
to 2012 and investigated the impact of the public health 
initiative on population health measured by county- level 
and city- level under- 5 mortality rates (U5MR). U5MR is 
a good proxy for a city’s health because almost 20% of 
all child deaths occur before age 5, and thus, the levels 
and trends of U5MR are of particular relevance in under-
standing public health trends.11 Given the importance 
of early- life experiences for healthy ageing, this measure 
additionally captures the potential contributions of the 
initiative to future improvements over the life course. 
In addition, using other health outcomes, such as life 
expectancy or adult mortality, might introduce bias into 
the study since these outcomes can take a long time to 
change and may be subject to early life as well as later- life 
influences, thus complicating our identification strategy.

To guide our analysis, we used Mosley and Chen’s 
analytical framework for the study of child survival in 
low- income and middle- income countries.12 The frame-
work states that socioeconomic determinants affect child 
mortality through five categories of proximate deter-
minants: maternal factors (age, parity, birth interval), 
environmental contamination (air, food/water/fingers, 
skin/soil/inanimate objects and insect vectors), nutrient 
deficiency, injury and personal illness control. The China 

Healthy Cities (Counties) Initiative addresses a wide 
range of community- level socioeconomic determinants 
and should impact child health primarily through the 
environmental contamination channel. For example, 
one of the most significant financial commitments of 
the initiative is to establish or upgrade waste treatment 
facilities and sewer systems. Previous research has shown 
remarkable improvements in urban domestic sewage and 
garbage treatment.7 Improvements in water quality and 
urban sanitation could reduce child mortality, as shown 
in other studies conducted in major cities of the USA13 
and the developing world.14 Moreover, since the initia-
tive has its roots in the Patriotic Health Campaign that 
has a focus on infectious diseases, participating cities 
and counties also put lots of effort into health education 
and controlling for disease vectors—the ‘four pests’ of 
rats, flies, mosquitos and bed bugs.15 These efforts could 
reduce child mortality via reducing the transmission of 
infectious diseases.15 16

BACKGROUND ON THE CHINA HEALTHY CITIES (COUNTIES) 
INITIATIVE
Before introducing the initiative, it is worth describing 
the three- tier system of China’s administrative units. 
The country is divided into provinces, autonomous 
regions and municipalities (Beijing, Tianjin, Shanghai 
and Chongqing) directly under the central government. 
Provinces and autonomous regions are then divided into 
prefecture- level cities, which include districts, counties 
and county- level cities. Counties and county- level cities 
are divided into townships. The administrative units 
eligible for the China Healthy Cities include individual 
districts under the four megacities (Beijing, Shanghai, 
Tianjin and Chongqing), districts as a whole under 
prefecture- level cities, and county- level cities. In this 
paper, all these types of units are referred to as cities. The 
administrative units eligible for the China Healthy Coun-
ties only include counties; typically, only the township 
where the county government is located participates in 
the initiative.

China launched the China Healthy Cities initiative 
in October 1989 to tackle the rising public health chal-
lenges resulting from poor urban planning 10 years after 
the 1978 Chinese economic reform. The initiative has 
historical roots in China’s Patriotic Health Campaign in 
the early 1950s, another public health initiative aiming at 
poor sanitation conditions and infectious disease control 
in urban areas. The initiative was further expanded to 
counties, towns, and villages in 1997, known as China 
Healthy Counties/Towns/Villages. As of 2017, there 
are a total of 338 cities (nearly 48% of Chinese cities) 
named as China Healthy Cities and a total of 417 coun-
ties (about 26% of Chinese counties) named as China 
healthy counties.

China Healthy Cities
Initially, cities needed to be nominated by the provincial 
government to join the initiative. After 1994, cities were 
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allowed to participate voluntarily. A city needs to meet 
a comprehensive range of standards and go through 
several rounds of assessment to become a China Healthy 
City. Zhang and Li provide a systematic introduction of 
these procedures through which a city wins the title of 
‘China Healthy City’.2 Li et al also report a case study, 
which describes how the initiative is operated and imple-
mented at a city level.10 In this paper, we only briefly 
summarise the procedures.

Before applying for the title, a city needs to make 
improvements to meet the national standards, which 
include both objective and subjective indicators. City offi-
cials then ask agencies from the provincial government 
for initial assessments. Once passing the evaluation, 
the city submits its application to the agency within the 
central government—the Office of National Patriotic 
Health Campaign Committee (the Office). The Office 
will then send out experts for inspection, which is done 
in disguise. Based on feedback from the investigation, 
the city has to make further improvements to meet 
the standards for being a healthy city. Then, the Office 
organises experts for another comprehensive (technical) 
assessment of a wide range of health and environmental 
indicators of the city. If the city can achieve a good score 
from this round of assessments, the Office would name 
the city as one of China Healthy Cities.

In practice, the evaluation process involves lots of back 
and forth. There is a small number of cities that tried 
but failed to achieve the title. We included these cities 
in the control group along with cities that never partic-
ipated in the initiative. As such, the estimates presented 
in this paper are likely to underestimate the total impact 
of the initiative. Additionally, the Office reviews healthy 
cities’ performance every 3 years. Cities that fail to meet 
the requirements during the reassessment phase would 
be given the warning to make improvements. If they fail 
again, they will be stripped of their titles. Up to 2017, 
some Healthy Cities had received these warnings, but no 
city lost the title. The standards for a healthy city have 
many criteria in ten domains: governance, health educa-
tion, urban sanitation, environment protection, public 
spaces and drinking water, food safety, infectious disease 
prevention and control, control of disease vectors, 
hygiene in communities and workplaces, and hygiene of 
urban villages and rural–urban continuum (see online 
supplemental appendix section 1 for more details).

China Healthy Counties
Procedures for counties to become a national hygienic 
county are very similar to those used for China Healthy 
Cities as described above. Most of the national standards 
for China Healthy Counties follow those listed for China 
Healthy Cities, with few exceptions. Instead of require-
ments for urban villages and rural–urban continuum, 
standards for China Healthy Counties added several 
requirements for affiliated villages. For example, the 
standard requires that at least 90% of affiliated villages 
residents should have running water.

METHODS
Data sources and measures
We chose U5MR as an indicator of population health. 
U5MR is defined as the number of deaths among chil-
dren under 5 years of age per 1000 live births. We used 
1996–2012 U5MR measures for 2851 counties/districts 
(99.8% of Chinese counties/districts) estimated by 
Wang et al based on various data sources, including the 
China Census and the national Annual Report System on 
Maternal and Child Health.17 18 The study period from 
1996 to 2012 is of significant interest. It corresponds to 
China’s most rapid urbanisation and the second- fastest 
reductions in U5MR. As shown in figure 1, the U5MR 
in China decreased dramatically from 1970 to 1986, 
remained flat in 1986–1990 and dropped at a fast pace 
again after 1991.

China Data Online compiles a rich set of socioeco-
nomic variables for individual counties and aggregate 
measures for all districts under a specific city, based on 
yearbooks of statistics published by the Bureau of Statis-
tics.19 It includes annual data, starting from 1996, in 
several domains, including population, land, general 
economy, health systems and education. We extracted 
these socioeconomic variables and matched them to the 
list of healthy cities, the list of healthy counties and the 
U5MR dataset, according to the county/city name and 
administrative code. Besides, since China Healthy Cities 
were implemented at the district level among Beijing, 
Tianjin, Shanghai and Chongqing, we additionally 
collected district- level social- economic variables for these 
four megacities based on their 1996–2012 yearbooks 
of statistics. Missing values in the countylevel/city- level 
socioeconomic variables were imputed by linear inter-
polation. There is a small proportion of missing values, 
and they were very likely to be missing at random (online 
supplemental table A1).

The list of China’s healthy cities and counties up to 
2017, along with the year when they gained the title, was 

Figure 1 Temporal trends of under- 5 mortality in China, 
1970–2017 notes: data on under- 5 mortality were from the 
world bank. The left y- axis represents under- 5 mortality, 
and the right y- axis represents annual changes in under- 5 
mortality.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2021-007154 on 9 M

arch 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjgh-2021-007154
https://dx.doi.org/10.1136/bmjgh-2021-007154
https://dx.doi.org/10.1136/bmjgh-2021-007154
https://dx.doi.org/10.1136/bmjgh-2021-007154
http://gh.bmj.com/


4 Yue D, et al. BMJ Global Health 2022;7:e007154. doi:10.1136/bmjgh-2021-007154

BMJ Global Health

from the National Health Commission of the People’s 
Republic of China.

Study design
We employed a quasi- experimental design that exploits 
variations in the timing of achieving the title of ‘China 
Healthy City/County’. Our analysis assumes that the 
accreditation process (giving the title to cities/counties) 
incentivised cities to make extra reforms in public health 
improvements that they otherwise would not have made. 
Our study design incorporates lessons learnt from the 
growing literature on difference- in- differences (DiD) 
analysis with staggered adoption of treatment.20–24 Due 
to differences in scope and criteria, we evaluated China 
Healthy Cities and Healthy Counties separately. To iden-
tify heterogeneous effects across regions with different 
levels of socioeconomic development and U5MR, we 
performed subgroup analyses by east, central and west 
China.

China Healthy Cities prevails among prefecture- level 
cities (districts as a whole under a prefecture- level city), 
county- level cities and districts of four municipalities 
(Beijing, Tianjin, Shanghai and Chongqing) directly 
under the central government, the unit of analysis, there-
fore, includes all three types of divisions and is herein-
after referred to as a city. The unit of analysis for the 
China Healthy Counties study is the county. As shown in 
online supplemental figure A1, our study includes almost 
all cities and counties in China. Among 2851 counties/
districts with U5MR data,17 707 cities (some districts 
were aggregated to prefecture- level cities) are included 
in the China Healthy Cities study, and 1631 counties are 
included in the China Healthy Counties study. These 
cities (counties) contain both Healthy cities/counties 
(hereinafter referred as ‘treated units’ or ‘ever- treated 
units’) and non- Healthy comparison cities/counties 
(‘untreated units’). As such, it is a balanced panel data 
with N=707 and T=17 for the China Healthy Cities study 
and N=1631 and T=17 for the China Healthy Counties 
study.

As of 2017, a total of 338 cities have clinched the title of 
China Healthy City. We dropped some cities from the anal-
ysis due to changes in administrative regions or the lack 
of measures necessary for this study—318 healthy cities 
were kept in the treatment group. We further restricted 
the sample to those that gained the title of China Healthy 
City before 2012 since outcome data are only available 
from 1996 to 2012. Finally, we included 176 treated cities, 
of which 110 are from east China, 32 are from central 
China, and 34 are from west China. online supplemental 
figure A2 illustrates the inclusion and exclusion criteria 
for the China Healthy Cities study. Based on similar 
criteria, we included 126 treated counties in the China 
Healthy Counties study (see online supplemental figure 
A3). Among the treated counties included in the anal-
yses, 26 are from east China, 52 are from central China 
and 48 are from west China.

Empirical strategy
To investigate the association between the public health 
initiative and U5MR, we applied a two- step econometric 
regression model for DiD analyses similar to previous 
studies using the staggered DiD framework.24–28 The first 
step is a non- parametric event study- style equation.

 

U5MRct = α +
∑
τ
δτPτ ,ct + π11

(
tauL

)
+

π21
(
tauR

)
+ λt + γc + βXct + ϵct   

(1)

where  U5MRct  is the U5MR in city  c  in year  t . We 
constructed a normalised/event time τ   that equals to 
zero in the year when cities/counties gained the title. 
For treated cities and counties, τ   ranges from −13 to 
14. For untreated cities and counties, it is always zero. 
We included a restricted range of τ   from −8 to 10 in the 
model. Note, there is a trade- off between consistency and 
efficiency in this case. The longer the time before the 
named year (τ  =0), the less comparable (compromising 
consistency) it is between cities/counties, while the closer 
it is to the named year, the smaller the sample size we will 
have (compromising consistency and losing efficiency). 
To choose the left bound, we require that there should 
be no obvious turning points in the temporal trends of 
U5MR. Otherwise, it would indicate other policy interven-
tions were in place at that time. Based on this, we chose 
 τ   = −8 as the left bound of the evaluation time window. 
Given our goal is to estimate the 5- year effect and 10- year 
effect, we used τ   =10 as the right bound. Nevertheless, 
we demonstrate that our results are robust to different 
choices of the restrictive range (online supplemental 
tables A2 and A3).

 Pτ ,ct includes a set of indicator variables for τ   for a city/
county  c  in year  t .  1

(
tauL

)
  =1 denotes τ   is on the left of 

restricted range ( τ < −8 ) and  1
(
tauR

)
  =1 means the right 

of the range ( τ > 10 ).  λt  represents year fixed effects 
that account for national secular trends.  γc  denotes city/
county fixed effects, which controls for permanent unob-
served determinants of U5MR across cities/counties.  Xct  
include time- varying socioeconomic variables for city/
county  c  in year  t  to capture the differential growth rates 
in socioeconomic variables across cities and counties. 
These include population at the year- end, area of the 
administrative region, gross domestic product, value- 
added of primary industry, value- added of secondary 
industry, number of student enrolments in secondary 
schools, number of student enrolments in primary 
schools, and number of beds in hospitals. SEs are clus-
tered at the city/county level.

The publicly available database for U5MR includes 
both the point estimates and 95% confidence intervals 
for U5MR.17 Since the U5MR measures are predicted 
values, the above regression is weighted by the inverse 
of the relevant standard errors to account for uncertain-
ties. We use two ways to retrieve standard errors of U5MR 
based on 95% CIs. The first one is based on the upper 
bound of CIs:  se1u5mr =

(
upper bound − mean

)
/1.96

 , and the second is from the lower bound as 
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 se2u5mr =
(
mean − lower bound

)
/1.96 . We use  se1u5mr  

in our main analyses.  se2u5mr  values are very similar 
to  se1u5mr  in magnitude and result in no meaningful 
changes in regression estimates (results available on 
request). A treated city/county is included if it has at least 
one observation 2 years before and after gaining the title.

The coefficients ( δτ   s) on indicator variables ( Pτ ,ct ) for 
 τ   are of interest, and measure U5MR in years before and 
after gaining the title, purged of potential confounding 
factors included in the model. Coefficients ( δτ   s) are 
normalised so that they are equal to zero in  τ = −1 . We 
plot these coefficients in graphs against τ   to present a 
visual impression of the trajectory differences in U5MR 
between treated and untreated units and guide the model 
specification in the second step. These graphs exhibit an 
indication of no mean shift but an apparent trend break 
(see figures 3 and 4).

The second step formally tests whether the initiative 
is associated with reductions in U5MR with a parametric 
trend break model.

 δ̂τ = θ0 + θ1Iτ + θ2τ + θ3
(
Iτ × τ

)
+ ϵ  (2)

Where  Iτ   is an indicator variable that equals 1 for treated 
units after they gained the title (including the named 
year) and equals 0 before the named year. The coeffi-
cient  θ1  captures the mean shift in U5MR after the policy. 
Empirical researchers commonly adjust for the extrap-
olation of a linear trend during the pretreatment time 
to account for potential violations of the parallel trends 
assumption.22 24 27 29 This approach provides valid esti-
mates if the difference is exactly linear.26 Our event- study 
graphs suggest that a linear trend can indeed capture 
these pre- existing trends quite well. Thus, due to the 
inclusion of event time τ  , the model controls for pre- 
existing differential trends, measured by  θ2  . By doing 
so, we only require the timing of winning the title to be 
uncorrelated with deviations of U5MR from a linear time, 
which is plausible in our study.

The addition of the interaction term between  Iτ   and 
 τ   allows health impacts to evolve over time. The regres-
sion is weighted by the inverse of standard errors of  δτ   . 
For China Healthy Cities, we report the initiative’s effect 
5 years after gaining the title (5 year effect) as  θ1 + 5θ3
 , and the ten- year effect as  θ1 + 10θ3  . For China Healthy 
Counties, we report the 5- year effect ( θ1 + 5θ3 ), and the 
8- year effect ( θ1 + 8θ3 ), due to the late administration of 
the initiative. We use a linear regression model to fit the 
above two equations to avoid incidental parameter prob-
lems in panel data.30

RESULTS
Tables 1 and 2 document the number of healthy cities 
and counties, respectively, along with the corresponding 
U5MR, stratified by three regions with different soci-
oeconomic development statuses. Table 1 shows that 
U5MR among cities has steadily declined from 34 per 
1000 live births to 11.9 per 1000 live births during the 

study period. Gradients in U5MR of cities across regions 
have also dramatically reduced; the difference in U5MR 
between west China and east China dropped from 
24.7/1000 live births in 1996 to 7.5/1000 per live births 
in 2012. Meanwhile, a rising number of cities won the 
title of ‘China Healthy City’ nearly every year starting 
from 1990, and most of them concentrated in east China. 
Likewise, table 2 displays downward and convergent 
trends in U5MR for counties across regions. The U5MR 
of overall counties decreased from 61.6 to 19.5 per 1000 
live births between 1996 and 2012, but west China still 
saw the highest level of U5MR. Figure 2 illustrates the 
variation of Healthy Cities and Counties across space and 
time. In addition, we present summary statistics of U5MR 
and socioeconomic variables in 2012 by whether cities 
(counties) have won the title up to that year (see online 
supplemental table A4).

Figures 3 and 4 present the event study- style graphs 
of the impact of China Healthy Cities and Counties on 
U5MR. The graphs demonstrate that the treated units 
generally have a lower level of U5MR on average, but the 
upward trends during the pre- treatment periods suggest 
that untreated units were catching up in reducing U5MR 
before the initiative. However, they change linearly across 
time. Our second step trend break model in equation 2, 
thus, controls for the differential pretrends with a linear 
time functional form. From these graphs, we can see that 
the initiative was in general associated with reductions in 
U5MR, especially for cities in west China, and counties in 
the east China. We also see that the initiative’s effect on 
U5MR among western counties was not sustained 7 years 
after the intervention.

Table 3 displays the health impact of the initiative on 
U5MR from the two- step econometric model. Panel A of 
table 3 shows that China Healthy Cities were significantly 
associated with 0.72 reductions (95% CI −1.2 to −0.2; 
p=0.008) in U5MR 5 years later, and 1.38 decreases (95% 
CI −2.2 to −0.6; p=0.002) 10 years later. It implies that 
among children under 5 years of age per 1 million live 
births in cities, China Healthy Cities were associated with 
720 reductions in child deaths 5 years after the initiative 
and 1380 fewer child deaths 10 years later. Cities from 
west China had seen the most substantial effects; 3.22 
reductions (95% CI −5.7 to −0.8; p=0.013) in U5MR 5 
years after and 7.18 decreases (95% CI −11.0 to −3.4; 
p=0.001) 10 years after the initiative, both were statisti-
cally significant. The 5- year and 10- year effects of China 
Healthy Cities in the east and central China were smaller 
and not statistically significant.

Panel B of table 3 documents estimates for the China 
Healthy Counties study. It shows that China Healthy 
Counties were associated with 2.59 reductions (95% CI 
−4.66 to −0.52; p=0.008) in U5MR among those living in 
counties 8 years after gaining the title. The 8- year health 
effects also differ considerably across regions. Counties 
from east China saw statistically significant 3.75 reduc-
tions (95% CI −6.71 to −0.80; p=0.016) in U5MR related 
to the initiative. However, the initiative had no detectable 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2021-007154 on 9 M

arch 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjgh-2021-007154
https://dx.doi.org/10.1136/bmjgh-2021-007154
http://gh.bmj.com/


6 Yue D, et al. BMJ Global Health 2022;7:e007154. doi:10.1136/bmjgh-2021-007154

BMJ Global Health

effect on U5MR among counties from central China. We 
also failed to detect statistically significant decreases in 
U5MR for counties from the west, even though the 8- year 
effect (95% CI −6.95 to 0.27; p=0.067) is of public health 
importance. It reflects substantial variations in the initia-
tive’s effect on U5MR in the west. For example, the event- 
study graph for the west in figure 4 displays an upward 
trend in U5MR towards the later event years, indicating 
the lack of sustainability of some healthy cities in the west.

Robustness checks
First, based on the estimates from the first step (equation 
1), we check the validity of estimators from the two- step 
regression models using a structural break analysis with 
unknown breakpoints (online supplemental appendix 
section 2). We identified (statistically) significant trend 
breakpoints for cities from west China at τ  =5, for all 
counties at τ   =2, and for counties from east China at τ   =5 

(online supplemental table A5). The breakpoint year for 
the full city sample was at the named year ( τ = 0 ), which 
is only marginally significant. These results corroborate 
our main analyses.

Second, to address the concern that Healthy Cities/
Counties (‘ever treated’) may be systematically different 
from non- Healthy Cities/counties (‘never treated’), we 
excluded the never- treated group from the analysis. In this 
exercise, our non- parametric event study uses the ‘not- 
yet- treated’ cities/counties as the comparison group. For 
instance, suppose we have cohort 2003 (defined as cities/
counties won the title in 2003) and cohort 2009 (cities/
counties won the title in 2009), this exercise considers 
cohort 2003 as the treatment group, and cohort 2009 as 
the comparison group during the evaluation time period 
from 1992 to 2009; during this period, cohort 2009 is 
the not- yet- treated group. Results of this exercise are 

Table 1 Number of China Healthy Cities and under- 5 mortality rates (U5MR), by year and region

All cities East Central West

No, Healthy cities U5MR No, Healthy cities U5MR No, Healthy cities U5MR No, Healthy cities U5MR

1990 1 1 0 0

1991 0 0 0 0

1992 7 7 0 0

1993 3 1 1 1

1994 2 2 0 0

1995 10 7 1 2

1996 3 34.0 3 24.2 0 34.7 0 49.9

1997 1 32.5 1 23.2 0 33.2 0 47.7

1998 2 30.9 2 22.3 0 31.6 0 44.7

1999 5 29.3 4 21.3 0 30.2 1 42.0

2000 5 27.4 3 20.0 2 28.1 0 39.0

2001 2 26.0 1 19.0 0 26.6 1 37.3

2002 10 24.2 6 17.8 2 24.7 2 34.8

2003 19 22.2 16 16.2 2 22.8 1 31.7

2004 5 20.7 4 15.2 0 21.4 1 29.4

2005 5 19.2 3 14.1 0 19.8 2 27.1

2006 15 17.6 9 13.1 4 18.3 2 24.5

2007 15 16.5 9 12.3 2 17.1 4 22.7

2008 18 15.6 9 11.5 7 15.9 2 22.2

2009 13 14.3 9 10.8 2 14.8 2 19.8

2010 0 13.4 0 10.1 0 13.7 0 18.4

2011 35 12.6 13 9.5 9 13.0 13 17.4

2012 0 11.9 0 9.0 0 12.3 0 16.5

2013 0 0 0 0

2014 69 27 20 22

2015 1 1 0 0

2016 0 0 0 0

2017 72 25 22 25

Data are the number of healthy cities and average levels of U5MR, by region and year. U5MR data are only available from 1996 to 2012.
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reported in online supplemental figures A4 and A5. We 
found no meaningful changes. This suggests that our 
DiD design is robust to the inclusion of the never- treated 
cities, regardless of any unmeasured differences between 
these two groups.

Third, recent papers have demonstrated that estimates 
from two- way fixed effects estimators can be severely 
biased due to selective treatment timing.21 23 31 32 For 
example, units that gained the title early during the initia-
tive might experience different effects of participating in 
the initiative relative to later participants. Estimates robust 
to heterogeneous treatment effects have been proposed 
in recent studies with the Sun and Abraham paper giving 
a special focus on the event- study design.20 21 32 Intui-
tively, Sun and Abraham estimate the treatment effect 
for each cohort of cities (eg, cohort 2003 defined above) 
at different event years (years since winning the title), 

and then compute the weighted average of the effects 
by event years. We applied this method in our first- stage 
event study and then reestimated the second step para-
metric model accounting for pre- existing trends. We 
found consistent estimates (see online supplemental 
figures A6 and A7). This suggests that our findings are 
not biased by potential heterogeneous treatment effects 
across units over time.

Lastly, our estimates are robust to different model 
specifications (online supplemental appendix sections 2 
and 3). Our two- step model is more efficient than the 
conventional one- step approach in the inference of DiD 
studies with panel data.25 33 Estimates from the one- step 
approach are numerically equivalent to those from our 
two- step approach, but some estimates became statis-
tically insignificant due to the loss of efficiency (online 
supplemental table A6). Our estimates are robust to the 

Table 2 Number of China healthy counties and under- 5 mortality rates (U5MR), by year and region

All counties East Central West

No, Healthy 
counties U5MR

No, Healthy 
counties U5MR

No, Healthy 
counties U5MR

No, Healthy 
counties U5MR

1990 0 0 0 0

1991 0 0 0 0

1992 0 0 0 0

1993 0 0 0 0

1994 0 0 0 0

1995 0 0 0 0

1996 0 61.6 0 34.5 0 49.0 0 81.8

1997 0 58.9 0 33.2 0 46.6 0 78.3

1998 1 55.9 0 31.8 0 43.8 1 74.3

1999 0 52.9 0 30.5 0 41.3 0 70.2

2000 5 49.6 1 29.2 3 38.5 1 65.8

2001 2 45.7 0 27.3 0 35.4 2 60.5

2002 4 42.3 0 25.6 3 32.6 1 55.9

2003 7 38.8 3 23.5 3 29.7 1 51.4

2004 18 35.6 4 22.1 9 27.0 5 47.1

2005 16 32.7 4 20.5 6 24.6 6 43.4

2006 10 29.9 4 18.9 3 22.3 3 39.7

2007 12 27.7 3 17.4 3 20.3 6 36.9

2008 17 26.5 2 16.2 9 18.7 6 36.0

2009 0 23.9 0 14.9 0 17.4 0 31.9

2010 34 22.4 5 13.9 13 16.3 16 30.0

2011 0 20.7 0 13.0 0 15.1 0 27.7

2012 0 19.5 0 12.1 0 14.3 0 26.0

2013 97 12 29 56

2014 0 0 0 0

2015 0 0 0 0

2016 0 0 0 0

2017 192 47 46 99

Data are the number of healthy counties and average levels of U5MR, by region and year. U5MR data are only available from 1996 to 2012.
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use of city/county- level per- capita measures on socioeco-
nomic characteristics (online supplemental table A7), 
the control of urbanisation rates (online supplemental 
table A8) and the adjustment of health insurance expan-
sion during the study period (online supplemental table 
A9).

DISCUSSION
This paper provides the most comprehensive evalua-
tion, to date, of the health impacts of a long- existing and 
nationwide public health initiative in China. We found 
substantial and significant reductions in U5MR associ-
ated with this public health initiative. The association 
varies considerably across regions; cities from western 
China saw the largest gains from China Healthy Cities, 
while counties from eastern China benefited the most 
from China Healthy Counties.

Our study reveals considerable heterogeneous results 
across regions. For China Healthy Cities, we failed to 
find detectable health impacts in eastern and central 
China, probably because these cities already had a low 
U5MR, and thus it may take a longer time for the effect 
to be seen. In addition, regional differences in economic 
development and implementation and enforcement of 
the national standards could also explain the hetero-
geneous effects of the initiative across regions. For 
example, cities in the west had worse public health infra-
structure investments than those in the east and central 
China, making their U5MR more sensitive to improved 
public health conditions.34 For China Healthy Counties, 
we find a significant health impact associated with the 
initiative but only in east China. Among western counties, 
the event graph indicates a short- term effect on U5MR 
reductions. However, the effect was not sustained. China 
Healthy Counties does not receive as much political 
and financial support as the China Healthy Cities, and 
the investment in improving public health thus heavily 
depends on the county’s own economy. Counties in east 
China are more affluent and could maintain the public 
health investments. In contrast, many western counties 

Figure 2 Treatment distribution across units and time 
notes: Panel A displays the spatial- temporal distribution of 
cities included in the China Healthy Cities study, in which the 
dark grey represents the accumulative distribution of healthy 
cities. Panel B displays the spatial- temporal distribution of 
counties included for the China Healthy Counties study; 
the dark grey represents the accumulative distribution of 
healthy counties and the light grey area denotes non- healthy 
comparison counties in that year.

Figure 3 Event study graphs for the China Healthy Cities 
study, by region notes: coefficients (δτ  s) of indicator 
variables for τ   from the first step of our two- step approach 
were plotted against the event time (τ  ). Coefficients ( δτ   s) 
represent under- 5 mortality purged of city fixed effects, year 
fixed effects and other confounders. Additionally, coefficients 
( δτ  S) are normalised so that they are equal to zero in τ  =-1. 
The solid blue linear line is a linear fit of U5MR when τ  <0, 
and the solid red line represents a linear fit after the initiative 
(τ  >=0). U5MR, under- 5 mortality rate.

Figure 4 Event study graphs for the China Healthy 
Counties study, by region notes: coefficients (δτ  s) of 
indicator variables for τ   from the first step of our two- 
step approach were plotted against the event time (τ
 ). Coefficients (δτ  s) represent under- 5 mortality purged of 
city fixed effects, year fixed effects and other confounders. 
Additionally, coefficients (δτ  s) are normalised so that they are 
equal to zero in τ  =-1. The solid blue linear line is a linear fit of 
U5MR when τ  <0, and the solid red line represents a linear fit 
after the initiative (τ  >=0). U5MR, under- 5 mortality rate.
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usually get government loans to establish public health 
infrastructures and make improvements in the urban 
living environment. However, it is not sustainable for 
these cities to maintain such investments and human 
resources after gaining the title. Besides, China Healthy 
Counties only require the township where the county 
government was located to participate, but our county- 
level U5MR was estimated for the whole county. There-
fore, the health impact of China Healthy Counties might 
be underestimated.

Like other complex public health interventions, the 
health initiative’s complexity makes it difficult to under-
stand which mechanisms are most effective in improving 
population health. The lack of city- level/county- level 
environment and health measures in China imposes 
further barriers to empirical analyses. Some studies have 
attributed the initiative’s success in improving the urban 
living environment and population health to its inter-
sectoral collaboration across government units.2 7 10 35 
Other studies have also suggested that the initiative has 
effectively motivated the local governments to improve 
the urban living environment and public health through 
awards and competitions.2 10 The winning mentality of 
this national favourable title actually help mobilise the 
public, facilitate intersectoral collaboration and motivate 

city/county leaders to make investments to improve the 
living environment. It is also worth noting that winning 
the honourable title could give city/county leaders signif-
icant political capital.2 The performance of government 
officials in the campaign is also built into the assessment 
and promotion system.2 Therefore, accreditation plays 
an important role in motivating local governments to 
improve public health. Despite sparse evidence on mech-
anisms, our findings can still guide the generalisation 
of the China Healthy Cities/Counties initiative in other 
Chinese cities and counties. The initiative is standardised 
as a package of public health interventions and will be 
implemented as a whole once cities/counties plan to 
pursue the title.

Our study has limitations. Since cities/counties 
received the accreditation (or the title) after they have 
already chosen to implement policies for public health 
improvements, our study assumes that they would not 
have made as much improvement without the accredi-
tation process. Similarly, we cannot guarantee all unob-
served confounding factors are balanced between healthy 
cities/counties and control cities/counties due to the lack 
of random assignment. Thus, our estimates only indicate 
correlation, not causation. However, our staggered DiD 
study design with comparison groups can account for 

Table 3 Regression estimates of the public health Initiative and under- 5 mortality rates

All regions East Central West

Panel A: China Healthy Cities

  Time trend 0.39*** (0.03) 0.17*** (0.02) 0.06 (0.10) 0.53*** (0.13)

  Policy −0.06 (0.15) −0.10 (0.12) −0.61 (0.59) 0.74 (0.72)

  Policy×time trend −0.13*** (0.03) −0.02 (0.03) −0.03 (0.12) −0.79*** (0.15)

  Constant −16.56*** (0.13) −19.87*** (0.11) 2.32*** (0.52) 29.75*** (0.63)

  5- year effect −0.72*** (0.24) −0.18 (0.19) −0.76 (0.93) −3.22*** (1.14)

  10- year effect −1.38*** (0.37) −0.26 (0.30) −0.92 (1.45) −7.18*** (1.79)

  Observations 19 19 19 19

  First- step N 645 268 216 161

  First- step N*T 10 965 4556 3672 2737

Panel B: China Healthy Counties

  Time trend 0.40*** (0.08) 0.28** (0.12) −0.02 (0.05) 0.74*** (0.14)

  Policy 0.94* (0.48) 1.45** (0.66) 0.45 (0.32) −0.30 (0.82)

  Policy×time trend −0.44*** (0.10) −0.65*** (0.14) 0.05 (0.07) −0.38** (0.17)

  Constant −45.53*** (0.40) −42.30*** (0.57) 10.21*** (0.25) −1.53** (0.70)

  5- year effect −1.27 (0.73) −1.80 (1.04) 0.73 (0.46) −2.20 (1.27)

  8- year effect −2.59** (0.97) −3.75** (1.39) 0.89 (0.62) −3.34* (1.69)

  Observations 19 19 19 19

  First- step N 1631 365 477 789

  First- step N*T 27 727 6205 8109 13 413

Data are regression estimates (95% CI) from the second step of our two- step econometric approach. Separate analyses for China Healthy 
Cities and China Healthy Counties. Estimates from subgroup analyses by region were also reported. First- step N represents the number 
of cities/counties included in the first step regression analysis (equation 1). First- step N*T represents the number of city/county- year 
observations included in the first step regression analysis (equation 1).
*P<0.05, **p<0.01, ***p<0.001.
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any changing health problems common to both healthy 
cities/counties and non- healthy counties, including 
state- mandated basic public services and other policies. 
Our statistical model has adjusted for potential differ-
ential selection in the participation of the public health 
initiative and adjusted for city/county fixed effects, year 
effects, and several time- varying socioeconomic variables. 
Our results are also robust to various sensitivity analyses 
with different controls and model specifications. Another 
limitation is that our analysis only included 1996–2012 
U5MR, which is after the China Healthy Cities initiative 
launched in 1989. We do not observe trends in U5MR 
before the initiative. Therefore, our pretrends analysis 
measures changes in U5MR after the initiative began but 
before cities/counties took it up.

Despite the limitations, this paper provides a rigorous 
health impact assessment of the massive public health 
improvement initiative in China. Our findings suggest 
that improving the social and physical living environ-
ment in urban settings is a plausibly effective approach 
for improving population health. Our study provides 
much- needed evidence for policy- makers in China to 
keep supporting and promoting the initiative across the 
country. Furthermore, the China Healthy Cities initiative 
resembles the WHO Healthy Cities Network and provides 
a comparison of the efficacy of the network in low- middle 
and middle- income countries.5 36–39
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Section 1. National Standards for China Healthy Cities 

 

The standards for a healthy city have more than 100 criteria in ten domains: governance, health 

education, urban sanitation, environment protection, public spaces and drinking water, food 

safety, infectious disease prevention and control, control of disease vectors, hygiene in 

communities and workplaces, and hygiene of urban villages and rural-urban continuum. Since 

the first version was published in 1989, the standards for being a healthy city had been updated 

three times in 1994, 2005, and 2010, respectively. But no dramatic changes were made for the 

main indicators. These four versions of standards include similar indicators, and the 

requirements became slightly more stringent in later years. For example, the criteria for green 

spaces per capita were 4 squared meters (m2) in the 1989 version, ≥ 5 m2 in 1994, ≥ 7.5 m2 in 

2005, and ≥ 8.5 m2 in 2010.  Since this study focuses on the 1996-2012 period, we summarize 

the primary criteria listed in the 2005 version of the standards.  

 

1. Governance. Incorporate the Patriotic Health Campaign (a public health campaign) into the 

socioeconomic development plan. Assure adequate personnel, sufficient budget, and 

appropriate work conditions for the Patriotic Health Campaign. 

2. Health education. Health promotion should be conducted in schools, hospitals, communities, 

workplaces, and other public spaces to increase the proportion of residents with healthy 

behaviors to  ≥ 70%.  

3. Urban sanitation. Urban sanitation should be included in the city's development plan. Urban 

domestic garbage disposal rate must be  ≥ 80%, green coverage rate in the built-up area 

should be ≥ 36%, green spaces per capita ≥ 7.5 m2, rivers and lakes should be clean.  

4. Environment protection. Days with Air Quality Index/Air Pollution index less than 100 should 

be ≥ 70%, the rate of urban sewage treated by sewage treatment plants needs to reach ≥ 

50%, and no big pollution event can have happened in the past three years. 
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5. Public spaces and drinking water. Public spaces should meet the national standards of 

hygiene. The quality of drinking water should meet national standards.  

6. Food safety. There should be effective enforcement of laws related to food safety.  

7. Infectious disease prevention and control. Effective enforcement of related laws. Hospitals 

should set up specific institutions and personnel for infectious disease regulation. 

Wastewater and solid waste discharged by medical care institutions are processed 

according to the national requirements. The percentage of children receiving recommended 

vaccinations should be ≥ 95%. No infectious disease outbreaks in the past two years. 

8. Control of disease vectors. Meet the national standards for pest control for at least three out 

of the four designated pests (rats, flies, mosquitos, and bed bugs).  

9. Hygiene in communities and workplaces. Public toilets should meet national standards. 

Garbage collection facilities should be sufficient. Periodical health education programs 

should be conducted.  

10. Hygiene of urban villages and rural-urban continuum. Garbage collection facilities and sewer 

systems need to be adequate. The number of public toilets meets national standards. The 

streets should be clean.   
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Section 2. Structural Break Model 

 

The event study-style graphs presented in Figure 3 and Figure 4 lay the foundation for the 

structural break analysis. Based on the estimates from the first step (equation 1), we check the 

validity of estimators from the two-step regression models using a structural break analysis with 

unknown breakpoints. If these identified breakpoints occur during or after the introduction of 

treatment (𝜏 = 0), it will support the plausible effects of the public health initiative.  

 

Thus, we apply a structural break analysis to check our DiD estimates' credibility. Specifically, 

we plot 𝛿�̂�s from the first step event-study model (equation 1) against normalized 𝜏, which is 

essentially a single-group time-series type of study design. We adopted a Quandt likelihood 

ratio test from the time-series literature to test for the break with unknown change point 

(Andrews, 1993; Greenstone & Hanna, 2014) and applied critical values developed by Andrews 

(1993) for significance testing (Andrews, 1993).  

 

Results from the structural break analysis are documented in Table A8. We identified 

(statistically) significant trend breakpoints for analyses based on cities from west China (𝜏=5, 

five years later), all counties (𝜏 =2, two years later), and counties from east China (𝜏 =5, five 

years later) in the temporal trends of U5MR, adjusting for confounders. The breakpoint year for 

the full city sample was at the named year (𝜏 = 0), which is only marginally significant. These 

results imply that the China Healthy Cities (Counties) initiative was significantly associated with 

reductions in U5MR among these cities/counties, and there were lagged effects. They are 

consistent with the patterns displayed in event study-style graphs (Figure 3 and Figure 4) and 

also substantially corroborate findings in Table 3 from our two-step regression models.  
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Section 3. One-Step Approach 

 

Both the two-step approach and the one-step approach yield consistent estimators. However, 

the two-step approach is more efficient, mainly because the two-step approach does not need 

to collapse data to the group level and because the one-step approach requires knowledge or 

efficient estimation of the variance-covariance matrix to implement GLS or FGLS, respectively 

(Donald & Lang, 2007; Greenstone & Hanna, 2014) . These two approaches should produce 

numerically similar estimates but smaller standard errors for the two-step approach. As a 

sensitivity analysis, we performed the one-step approach as specified below: 

 𝑈5𝑀𝑅𝑐𝑡 = 𝛼 + 𝜃11(𝐶𝐻𝐶𝑟𝑎𝑛𝑔𝑒) + 𝜃21(𝐶𝐻𝐶)𝜏 ∗ 1(𝐶𝐻𝐶𝑟𝑎𝑛𝑔𝑒)𝜏 + 𝜃31(𝐶𝐻𝐶𝑟𝑎𝑛𝑔𝑒)𝜏 ∗ 𝜏+ 𝜃41(𝐶𝐻𝐶)𝜏 ∗ 𝜏 ∗ 1(𝐶𝐻𝐶𝑟𝑎𝑛𝑔𝑒)𝜏 +  𝜋11(𝑡𝑎𝑢𝐿) + 𝜋21(𝑡𝑎𝑢𝑅) + 𝜆𝑡 + 𝛾𝑐 + 𝛽𝑋𝑐𝑡 + 𝜖𝑐𝑡 
 

Where 1(𝐶𝐻𝐶𝑟𝑎𝑛𝑔𝑒)=1 if 𝜏 is within the restricted range. (𝐶𝐻𝐶)𝜏=1 for China healthy 

cities/counties after gaining the title (including the naming year). 1(𝑡𝑎𝑢𝐿)=1 indicates τ is on the 

left of restricted range and 1(𝑡𝑎𝑢𝑅)=1 indicates the right. 𝜆𝑡, time fixed effects (accounting for 

national trends). 𝛾𝑐, city/county fixed effects (controlling for permanent unobserved determinants 

of U5MR across cities/counties). 𝑋𝑐𝑡  include population at the year-end, area of the 

administrative region, gross domestic product (GDP), value-added of primary industry, value-

added of secondary industry, number of student enrollments in secondary schools, number of 

student enrollments in primary schools, and number of beds in hospitals. The regression is 

weighted by the inverse of standard errors of U5MR, and clustered at the city/county level. 
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Section 4. Robustness to Other Confounding Factors 

 

Additionally, we assessed our estimates to other potential confounding factors. First, To assess 

the robustness of our estimates to per-capita measures, we estimated our primary DiD model 

adjusting for city/county-level per-capita socioeconomic variables. Per-capita measures make 

cities/counties more comparable regarding levels of socioeconomic development, but our 

identification rests on comparability in trends. The results are documented in Table A6. In 

general, the effect sizes are pretty similar to those from our main analysis. But there are two 

exceptions regarding statistical significance. The ten-year effect for healthy cities in the east, 

and both five- and eight-year effects of healthy counties in the west become statistically 

significant, which were not significant when adjusting for absolute numbers of socioeconomic 

variables. However, these significant estimates do not pass our “structural break model” test, 

which compromises their credibility. We use absolute numbers (i.e., GDP) instead of per-capita 

measures (i.e., GDP per capita) in the main analysis for the following reason. We consider 

confounding variables as those affecting both U5MR and the healthy city status. Since cities 

must make large investments in their urban infrastructure (e.g., sewage treatment plants, roads, 

and lights), their economy plays a big role in supporting this. Moreover, since only districts of a 

prefecture-level city are subject to evaluation, most investments were made in these districts. 

But the city could use the city’s overall budget. 

 

Moreover, our U5MR measure is for the overall population in a certain county or district, 

including both urban and rural residents. To assess the impact of increased urbanization on our 

estimates, we conducted a sensitivity analysis by additionally controlling for province-level 

urbanization rate obtained from yearbooks of statistics (we don’t have city/county-level data on 

urbanization rate).  It yields consistent estimates as reported in Table A7.  
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Lastly, China saw a dramatic expansion of public health insurance during the study period; the 

nationwide insurance rate increased from 22% in 2003 to 87% in 2008. To rule out the 

possibility that such insurance expansion could explain our findings on the initiative’s impact on 

U5MR, we re-estimated our primary model and additionally adjusted for region-level health 

insurance rates. We only found health insurance coverage rates in three regions (east, central, 

and west China) for 1998, 2003, 2008, and 2013 from the UNICEF website 

(https://www.unicef.cn/en/figure-325-health-insurance-coverage-1998-2003-2008-and-2013). 

These numbers are estimated based on China’s National Health Services Surveys. We imputed 

the missing insurance rates in other years using linear interpolation and then merged them to 

our analytic datasets. Table A8 documents the results. There are no meaningful changes in 

estimates. It is very likely that healthy cities/counties and non-healthy cities/counties 

experienced similar trends in health insurance coverage, which should be captured by our year 

fixed effects in equation 1. 
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Table A1. Descriptive Statistics of Missing Values. 

  China Healthy Cities   China Healthy Counties 

  Missing 

Total 
City-

Years 
Percent 
Missing   Missing 

Total 
County-

Years 
Percent 
Missing 

Population (millions) 240 12,019 2.0  237 27,727 0.9 
Area (square per kilometer) 346 12,019 2.9  1,576 27,727 5.7 
Gross Domestic Products (millions, 
Chinese Yuan) 362 12,019 3.0  1,171 27,727 4.2 
Primary Sector Added Value 
(millions, Chinese Yuan) 538 12,019 4.5  521 27,727 1.9 
Secondary Sector Added Value 
(millions, Chinese Yuan) 719 12,019 6.0  565 27,727 2.0 
Number of Students in Middle 
School (persons) 532 12,019 4.4  3,979 27,727 14.4 
Number of Students in Elementary 
School (persons) 514 12,019 4.3  3,827 27,727 13.8 
Number of beds in hospitals (units) 848 12,019 7.1   1,058 27,727 3.8 

Notes: The total number of observations for the China Healthy Cities study include 707 cities (N) over 17 

years (T). The total number of observations for the China Healthy Counties study includes 1,631 counties 

(N) over 17 years (T).  
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Table A2. Estimates for for China Healthy Cities from the two-step regression model with 

different restricted ranges of 𝝉. 

  
3-Year 
Effect 

4-Year 
Effect 

5-Year 
Effect 

6-Year 
Effect 

8-Year 
Effect 

10-Year 
Effect 

All regions       𝜏 ∈ [−8, 10] -0.46** 
(0.19) 

-0.59** 
(0.21) 

-0.72*** 
(0.24) 

 -0.85*** 
(0.26) 

 -1.12*** 
(0.31) 

-1.38*** 
(0.37) 𝜏 ∈ [−6, 8] -0.59** 

(0.14) 
 -0.72** 
(0.16) 

-0.85** 
(0.18) 

 -0.99** 
(0.20) 

-1.25*** 
(0.25)  𝜏 ∈ [−4, 6] -0.28** 

(0.11) 
 -0.34** 
(0.13) 

-0.41** 
(0.18) 

-0.47** 
(0.18)   𝜏 ∈ [−4, 4]  -0.22* 

(0.10) 
 -0.27* 
(0.12)     

East       𝜏 ∈ [−8, 10]  -0.15 
(0.16) 

-0.16 
(0.18)  

-0.18 
(0.19)  

-0.20 
(0.22)  

-0.23 
(0.26)  

-0.26 
(0.30)  𝜏 ∈ [−6, 8]  -0.37** 

(0.16) 
 -0.42** 
(0.18) 

 -0.47** 
(0.20) 

-0.51** 
(0.23)  

-0.60* 
(0.28)   𝜏 ∈ [−4, 6]  -0.13 

(0.24) 
-0.11 
(0.29)  

 -0.09 
(0.34) 

-0.07 
(0.39)    𝜏 ∈ [−4, 4]  -0.15 

(0.25) 
-0.17 
(0.30)      

Central       𝜏 ∈ [−8, 10]  -0.70 
(0.76) 

-0.73 
(0.84)  

-0.76 
(0.93)  

-0.80 
(1.03)  

-0.86 
(1.24)  

-0.92 
(1.45)  𝜏 ∈ [−6, 8]  0.08 

(0.87) 
 0.32 
(0.51) 

 0.57 
(0.58) 

 0.82 
(0.66) 

 1.32 
(0.81)  𝜏 ∈ [−4, 6]  0.03 

(0.39) 
0.15 
(0.47)  

0.27 
(0.55)  

0.38 
(0.63)    𝜏 ∈ [−4, 4] -0.02 

(0.23)  
 -0.01 
(0.28)     

West       𝜏 ∈ [−8, 10]  -1.64* 
(0.92) 

-2.43** 
(1.03)  

-3.22** 
(1.14)  

-4.01*** 
(1.26)  

 -5.60*** 
(1.52) 

-7.18*** 
(1.79)  𝜏 ∈ [−6, 8]  -1.27 

(0.91) 
-1.79 
(1.04)  

-2.30* 
(1.19)  

 -2.81* 
(1.34) 

 -3.84** 
(1.65)   𝜏 ∈ [−4, 6]  0.57 

(0.76) 
0.67 
(0.91)  

0.77 
(1.07)  

0.87 
(1.24)      𝜏 ∈ [−4, 4] 0.56 

(0.85) 
0.64 
(1.03)          

Notes: Etimates were from the two-step regression model with different retricted ranges of 𝜏, by 

region. *** p<0.01, ** p<0.05, * p<0.1 
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Table A3. Estimates for for China Healthy Counties from the two-step regression model 

with different restricted ranges of 𝝉. 

  
3-Year 
Effect 

4-Year 
Effect 

5-Year 
Effect 

6-Year 
Effect 

8-Year 
Effect 

10-Year 
Effect 

All regions       𝜏 ∈ [−8, 10] -0.38 
(0.60) 

-0.82 
(0.66) 

-1.27 
(0.73) 

-1.71* 
(0.81) 

-2.59** 
(0.97) 

-3.47*** 
(1.15) 𝜏 ∈ [−6, 8] -0.82* 

(0.39) 
1.21** 
(0.44) 

-1.61*** 
(0.50) 

-2.00*** 
(0.57) 

-2.79*** 
(0.70) 

 𝜏 ∈ [−4, 6] -0.87 
(0.51) 

1.34* 
(0.61) 

1.81** 
(0.72) 

-2.28** 
(0.83)  

 𝜏 ∈ [−4, 4] -0.85* 
(0.36) 

-1.27** 
(0.44)    

 

East       𝜏 ∈ [−8, 10] -0.50 
(0.84) 

-1.15 
(0.93) 

-1.80 
(1.04) 

-2.45* 
(1.15) 

-3.75** 
(1.39) 

-5.05*** 
(1.63) 𝜏 ∈ [−6, 8] -0.78 

(0.49) 
-1.29** 
(0.57) 

-1.81** 
(0.65) 

-2.32*** 
(0.73) 

-3.36*** 
(0.90) 

 𝜏 ∈ [−4, 6] -0.37 
(0.52) 

-0.67 
(0.63) 

-0.97 
(0.74) 

-1.27 
(0.85)  

 𝜏 ∈ [−4, 4] -0.29 
(0.23) 

-0.48 
(0.27)    

 

Central       𝜏 ∈ [−8, 10] 0.62 
(0.38) 

0.67 
(0.42) 

0.73 
(0.46) 

0.78 
(0.51) 

0.89 
(0.62) 

1.00 
(0.74) 𝜏 ∈ [−6, 8] 0.29 

(0.30) 
0.39 
(0.34) 

0.48 
(0.39) 

0.58 
(0.44) 

0.77 
(0.54) 

 𝜏 ∈ [−4, 6] -0.02 
(0.35) 

0.01 
(0.42) 

0.05 
(0.50) 

0.09 
(0.57)  

 𝜏 ∈ [−4, 4] -0.09 
(0.21) 

-0.16 
(0.25)    

 

West       𝜏 ∈ [−8, 10] -1.44 
(1.03) 

-1.82 
(1.14) 

-2.20 
(1.27) 

-2.58* 
(1.40) 

-3.34* 
(1.69) 

-4.10* 
(2.00) 𝜏 ∈ [−6, 8] -1.59 

(1.41) 
-2.06 
(1.61) 

-2.52 
(1.83) 

-2.99 
(2.06) 

-3.91 
(2.55) 

 𝜏 ∈ [−4, 6] -1.53 
(1.08) 

-2.40 
(1.29) 

-3.27* 
(1.52) 

-4.13* 
(1.75)  

 𝜏 ∈ [−4, 4] -1.47 
(0.74) 

-2.20* 
(0.89)    

 

Notes: Etimates were from the two-step regression model with different retricted ranges of 𝜏, by region. 

*** p<0.01, ** p<0.05, * p<0.1 
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Table A4. Descriptive Statistics of Socioeconomic Variables of Studied Cities and Counties.  

 

  

 
Healthy cities/counties 

up to 2012  
Non-Healthy cities/counties 

up to 2012 

 N Mean SD Median  N Mean SD Median 

Panel A: Cities          
U5MR (deaths per 1000 live births) 176 9.31 3.88 8.39  531 12.77 5.79 11.60 
Population (millions) 176 1.18 1.09 0.83  531 0.82 0.66 0.67 
Area (square per kilometer) 176 2,661 9,126 1,437  531 2,694 4,899 1,732 
Gross Domestic Products (millions, RMB) 176 127,688 181,559 62,388  531 39,117 56,597 24,730 
Primary Sector Added Value (millions, RMB) 176 3,089 2,760 2,577  531 2,949 2,280 2,384 
Secondary Sector Added Value (millions, RMB) 176 56,104 58,022 34,367  531 18,873 21,083 12,489 
Number of Students in Middle School (persons) 176 71,167 75,875 43,350  531 43,837 35,491 34,700 
Number of Students in Elementary School (persons) 176 93,117 113,467 56,100  531 54,269 42,575 40,400 
Number of beds in hospitals (units) 176 7,915 8,107 5,400  531 3,978 5,007 2,800 

          
Panel B: Counties          
U5MR (deaths per 1000 live births) 126 16.23 8.01 13.65  1505 19.76 12.47 15.90 
Population (millions) 126 0.44 0.28 0.39  1505 0.44 0.34 0.35 
Area (square per kilometer) 126 4,950 13,886 1,865  1505 4,540 10,128 2,201 
Gross Domestic Products (millions, RMB) 126 16,281 17,212 11,693  1505 9,385 8,990 6,792 
Primary Sector Added Value (millions, RMB) 126 2,049 1,395 1,777  1505 1,823 1,520 1,404 
Secondary Sector Added Value (millions, RMB) 126 9,436 11,861 5,466  1505 4,679 5,438 3,092 
Number of Students in Middle School (persons) 126 22,608 16,966 18,600  1505 21,663 19,175 15,700 
Number of Students in Elementary School (persons) 126 30,175 24,348 22,500  1505 32,599 49,423 23,600 
Number of beds in hospitals (persons) 126 1,295 851 1,100  1505 1,098 829 900 

Notes: N refers to the number of cities or counties. U5MR represents under-five mortality, and RMB is Chinese yuan. Data are assessed based on 
values in 2012.  
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Table A5. Estimates from the Structural Break Analysis 

  Year of structural breakpoint QLR test statistic 

Panel A. China Healthy Cities   

All cities 0 9.3* 

East 6 1.7 

Central 6 1.6 

West 5 23.0*** 

   

Panel B. China Healthy Counties  

All counties 2 16.3*** 

East 5 37.3*** 

Central 5 5.7 

West 3 4.7 
Notes: Data are normalized time (𝜏) and Quandt Likelihood Ratio (QLR) test statistics. Year of structural 
breakpoint is defined as the normalized time with maximum F statistic. *** p<0.01, ** p<0.05, * p<0.1. 

We identified (statistically) significant trend breakpoints for analyses based on cities from west 
China (𝜏=5, five years later), all counties (𝜏 =2, two years later), and counties from east China (𝜏 
=5, five years later) in the temporal trends of U5MR, adjusting for confounders. The breakpoint 
year for the full city sample was at the named year (𝜏 = 0), which is only marginally significant. 
These results imply that the China Healthy Cities (Counties) initiative was significantly 
associated with reductions in U5MR among these cities/counties, and there were lagged effects. 
They are consistent with the patterns displayed in event study-style graphs (Figure 3 and Figure 
4) and also substantially corroborate findings in Table 3 from our two-step regression models. 
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Table A6. Regression Estimates from One-Step Approach for the Impact of Public Health 

Initiative on Under-Five Mortality Rates in China.  
All cities  East  Central  West 

 Panel A: China Healthy Cities 
        Time trend 0.39***  0.18**  0.03  0.50  

(0.09)  (0.09)  (0.18)  (0.31) 
        Policy -0.12  -0.16  -0.67  0.44  

(0.27)  (0.28)  (0.67)  (1.24) 
        Policy × Time trend -0.13  -0.02  0.02  -0.66  

(0.11)  (0.10)  (0.32)  (0.41) 
        Constant 20.52***  15.30***  24.65***  34.89***  

(1.10)  (0.94)  (3.80)  (5.31)  
       

        Observations 10,965  4,556  3,672  2,737 
        R-squared 0.86  0.88  0.84  0.85 
        
        5-Year Effect -0.75  -0.25  -0.55  -2.84* 
        10-Year Effect -1.38  -0.34  -0.43  -6.12* 
        
Panel B: China Healthy Counties 
        Time trend 0.41***  0.28**  -0.01  0.74*** 

 (0.14)  (0.12)  (0.20)  (0.28) 
        Policy 0.66*  0.86*  0.27  0.19 

 (0.40)  (0.47)  (0.53)  (0.84) 
        Policy × Time trend -0.39**  -0.49***  0.07  -0.50 

 (0.20)  (0.18)  (0.29)  (0.40) 
        Constant 33.32***  16.85***  43.31***  71.72*** 

 (3.09)  (1.69)  (2.78)  (5.66) 
        

        Observations 27,727  6,205  8,109  13,413 
        R-squared 0.84  0.89  0.82  0.84 
        
        5-Year Effect -1.30  -1.56*  0.63  -2.32 
        8-Year Effect -2.48*  -3.01**  0.85  -3.82 

Notes: Standard errors (in parentheses) are clustered at the city or county level.  
*** p<0.01, ** p<0.05, * p<0.1 
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Table A7. Regression Estimates of the Public Health Initiative and Under-five Mortality 

Rates Controlling for City/County-Level Per-Capita Socioeconomic Measures 
  All regions  East  Central  West 

Panel A: China Healthy Cities        
      Time trend 0.36***  0.11***  0.11  0.75*** 
 (0.03)  (0.03)  (0.11)  (0.10) 
      Policy 0.07  -0.00  -0.41  0.61 
 (0.17)  (0.17)  (0.59)  (0.52) 
      Policy × Time trend -0.28***  -0.10**  -0.08  -0.71*** 
 (0.03)  (0.03)  (0.12)  (0.11) 
      Constant -19.40***  -19.60***  2.08***  26.12*** 

 (0.14)  (0.14)  (0.54)  (0.46) 
        
      5-Year Effect -1.32***  -0.48*  -0.78  -2.93*** 
 (0.26)  (0.26)  (0.97)  (0.84) 
      10-Year Effect -2.71***   -0.96**   -1.16   -6.47*** 
 (0.40)  (0.40)  (1.52)  (1.31) 
Observations 19  19  19  19 
First-step N 645  268  216  161 
First-step N*T 10,965  4,556  3,672  2,737 
        
Panel B: China Healthy Counties       
      Time trend 0.40***  0.26*  -0.04  0.73*** 
 (0.05)  (0.12)  (0.04)  (0.13) 
      Policy 0.69**  1.60**  0.44  0.57 
 (0.31)  (0.74)  (0.26)  (0.69) 
      Policy × Time trend -0.29***  -0.63***  0.05  -0.59*** 
 (0.07)  (0.15)  (0.05)  (0.16) 
      Constant -49.21***  -37.70***  10.09***  8.91*** 
       (0.26)  (0.63)  (0.21)  (0.61) 
        
     5-Year Effect -0.75  -1.57  0.68*  -2.36** 
 (0.47)  (1.12)  (0.38)  (1.12) 
     8-Year Effect -1.62**   -3.47**   0.83   -4.12** 
 (0.64)  (1.49)  (0.51)  (1.52) 
Observations 19  19  19  19 
First-step N 1,631  365  477  789 
First-step N*T 27,727  6,205  8,109  13,413 

Notes: Data are regression estimates (95% CI) from the second step of our two-step econometric 
approach. Separate analyses for China Healthy Cities and China Healthy Counties. Estimates from 
subgroup analyses by region were also reported. The ten-year effect for healthy cities in east, and both 
five- and eight-year effects of healthy counties in the west become statistically significant, where were not 
significant when adjusting for absolute numbers of socioeconomic variables. However, these significant 
estimates did not pass our “structural break model” test, which compromises their credibility.  
*** p<0.01, ** p<0.05, * p<0.1 
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Table A8. Regression Estimates of the Public Health Initiative and Under-five Mortality 

Rates Additionally Controlling for Province-Level Urbanization Rates 
  All regions  East  Central  West 

Panel A: China Healthy Cities        
      Time trend 0.39***  0.12***  0.07  0.57*** 
 (0.03)  (0.02)  (0.10)  (0.15) 
      Policy -0.08  -0.05  -0.49  0.79 
 (0.16)  (0.13)  (0.57)  (0.80) 
      Policy × Time trend -0.11***  0.03  0.02  -0.74*** 
 (0.03)  (0.03)  (0.12)  (0.17) 
      Constant -15.63***  -13.40***  4.21***  28.80*** 

 (0.14)  (0.11)  (0.50)  (0.70) 
        
      5-Year Effect -0.63**  0.12  -0.39  -2.89** 
 (0.24)  (0.20)  (0.90)  (1.27) 
      10-Year Effect -1.17***   0.29   -0.29   -6.57*** 
 (0.38)  (0.31)  (1.40)  (1.99) 
Observations 19  19  19  19 
First-step N 626  268  216  142 
First-step N*T 10,642  4,556  3,672  2,414 
        
Panel B: China Healthy Counties       
      Time trend 0.34***  0.31***  0.01  0.57*** 
 (0.08)  (0.10)  (0.07)  (0.16) 
      Policy 0.86*  1.37**  0.47  -0.54 
 (0.49)  (0.57)  (0.40)  (0.91) 
      Policy × Time trend -0.39***  -0.66***  -0.02  -0.27 
 (0.10)  (0.12)  (0.08)  (0.19) 
      Constant -51.33***  -36.52***  6.79***  -3.57*** 
       (0.41)  (0.49)  (0.33)  (0.77) 
        
     5-Year Effect -1.07  -1.94**  0.37  -1.9 
 (0.74)  (0.88)  (0.59)  (1.40) 
     8-Year Effect -2.22**   -3.92***   0.32   -2.72 
 (0.98)  (1.17)  (0.79)  (1.87) 
Observations 19  19  19  19 
First-step N 1,542  365  477  700 
First-step N*T 26,214  6,205  8,109  11,900 

Notes: Data are regression estimates (95% CI) from the second step of our two-step econometric 
approach. Separate analyses for China Healthy Cities and China Healthy Counties. Estimates from 
subgroup analyses by region were also reported. Cities and counties from Chongqing and Tibet are 
excluded from this analysis due to the lack of data on urbanization rates.   
*** p<0.01, ** p<0.05, * p<0.1 
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Table A9. Regression Estimates of the Public Health Initiative and Under-five Mortality 

Rates Additionally Controlling for Region-Level Insurance Coverage Rates 
  All regions  East  Central  West 

Panel A: China Healthy Cities        
      Time trend 0.29***  0.17***  0.06  0.53*** 
 (0.03)  (0.02)  (0.10)  (0.13) 
      Policy -0.14  -0.10  -0.61  0.74 
 (0.15)  (0.12)  (0.59)  (0.72) 
      Policy × Time trend -0.17***  -0.02  -0.03  -0.79*** 
 (0.03)  (0.03)  (0.12)  (0.15) 
      Constant -15.45***  -19.87***  2.32***  29.75*** 

 (0.13)  (0.11)  (0.52)  (0.63) 
        
      5-Year Effect -0.98***  -0.18  -0.76  -3.22*** 
 (0.24)  (0.19)  (0.93)  (1.14) 
      10-Year Effect -1.82***   -0.26   -0.92   -7.18*** 
 (0.37)  (0.30)  (1.45)  (1.79) 
Observations   19  19  19 
First-step N 645  268  216  161 
First-step N*T 10,965  4,556  3,672  2,737 
        
Panel B: China Healthy Counties       
      Time trend 0.46***  0.28**  -0.02  0.74*** 
 (0.06)  (0.12)  (0.05)  (0.14) 
      Policy 0.17  1.45**  0.45  -0.30 
 (0.33)  (0.66)  (0.32)  (0.82) 
      Policy × Time trend -0.36***  -0.65***  0.05  -0.38** 
 (0.07)  (0.14)  (0.07)  (0.17) 
      Constant -43.48***  -42.30***  10.21***  -1.53** 
       (0.28)  (0.57)  (0.25)  (0.70) 
        
     5-Year Effect -1.61***  -1.8*  0.73  -2.2* 
 (0.50)  (1.04)  (0.46)  (1.27) 
     8-Year Effect -2.67***   -3.75**   0.89   -3.34* 
 (0.66)  (1.39)  (0.62)  (1.69) 
Observations 19  19  19  19 
First-step N 1,631  365  477  789 
First-step N*T 27,727  6,205  8,109  13,413 

Notes: Data are regression estimates (95% CI) from the second step of our two-step econometric 
approach. Separate analyses for China Healthy Cities and China Healthy Counties. Estimates from 
subgroup analyses by region were also reported.   
*** p<0.01, ** p<0.05, * p<0.1 
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Figure A1. Inclusion Flowchart of Cities and Counties Included in the Analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: a: The five counties that lack of socioeconomic variables include Jinmen County of Fujian 
province, Gongqingcheng of Jiangxi province, Sui County of Hubei province, Huinong of Ningxia 
province, and Shuangqiao of Chongqing. b:  The four cities that lack of socioeconomic variables include 
Binhaixin District of Tianjin, Wansheng District of Chongqing, Liupanshui City of Guizhou, and Lasa City 
of Tibet province. 
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