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Summary
Background The governmentled community-based Chinese National Integrated Demonstration Areas for the
Prevention and Control of Noncommunicable Diseases programme was launched in 2011, but no rigorous impact
evaluation has been conducted to date. We aimed to evaluate the causal effects of this programme on behavioural
risk factors.

Methods We used data from the latest five waves of the China Chronic Disease and Risk Factor Surveillance. The
primary outcome is a behavioural risk score combining current smoking, passive smoking, drinking in last month,
regular exercise, body mass index, and waist circumference. We applied the synthetic difference-in-differences
method and constructed synthetic controls from the non-demonstration areas with the outcome. The average
treatment effects on the treated were estimated for overall effect and by short- (1-2), medium- (3-4), and long-
term (6-7 years) effects.

Findings We identified 26 demonstration areas (N = 72,193) and 100 non-demonstration areas (N = 275,397).
Participants in the demonstration areas had higher education and income levels and different pre-implementation
trends than non-demonstration areas. Using synthetic controls instead of non-demonstration areas reduced these
pre-implementation differences. Compared to the synthetic controls, declines were observed in current smoking
(-1.78% [-4.51%, 0.96%)]), passive smoking (—8.09% [-14.27%, —1.90%)]), and drinking in last month (-4.04%
[-8.75%, 0.67%]) but not in the other factors. Behavioural risk score declined by 1.05 short-term (95%
CI: -1.84, -0.26), 1.15 medium-term (95% CI: —2.08, -0.22), 2.82 long-term (95% CI: —4.79, —0.85), and 1.54
overall (95% CI: -2.51, —-0.56).

Interpretation The programme improved behavioural risk scores, primarily through reductions in the prevalence of
smoking and drinking, and the effect was long-lasting. Our findings provided empirical evidence for utilizing an
integrated prevention and control strategy to fight against NCD in China and other countries facing similar
challenges.

Abbreviations: ATT, Average treatment effect of the treated; DID, Difference-in-differences; GDP, Gross domestic product; NCD, Non-communicable
disease; SC, Synthetic control; SDID, Synthetic differece-in-differences
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Research in context

Evidence before this study

We searched PubMed and Chinese databases (China National
Knowledge Infrastructure, Wan Fang database, and Baidu
Scholar) for articles in English or Chinese up to June 2023,
using a collection of terms including noncommunicable
disease (“noncommunicable disease” or “chronic and
noncommunicable disease” or “chronic disease” or “NCD"),
demonstration area (“demonstration area” or “demonstration
district”), integrated prevention and control (“integrated
prevention and control” or “comprehensive prevention and
control”), behavioural risk factor (“behavioural risk factor”
or “tobacco” or “cigarette” or “smoke” or “passive smoke” or
“secondhand smoke exposure” or “alcohol” or “drink” or
“physical activity” or “exercise” or “body mass index” or "BMI”
or "waist circumference” or “WC"), effect (“effect” or
“impact”), and geographic locations (“China” or “Chinese”).
We reviewed all studies without restrictions on the study
design and found only one project with four articles published
in Chinese journals. This project, conducted in 2016—five
years after the initiation of the programme, evaluated the
effect of the programme using qualitative research methods
(focus group discussions and personal interviews) and a cross-
sectional survey (N = 3891) from 10 demonstration areas
without any control. Due to the lack of controls and the cross-
sectional nature of self-reported data from demonstration
areas only, no causal inference on the impact of the
programme can be made from this evaluation attempt.

Added value of this study
We evaluated the potential causal effects of the programme
on behavioural risk factors. To do so, we used the quasi-

Introduction

Non-communicable diseases (NCDs) accounted for 73%
of global deaths in 2017" and 74.36% in 2019.” Due to
the high disease burden, NCD prevention and control
are highly prioritized. In September 2011, the United
Nations held the first High-Level Meeting on NCDs.’
The Political Declaration on the Prevention and Con-
trol of NCDs, published by the United Nations in the
same year, recognized “with profound concern” the
global burden and threat of NCDs as a major “challenge
of epidemic proportions for development” in the twenty-
first century.* It also called for “a whole-of-government

experimental synthetic difference-in-differences design to
solve the selection bias and unobserved confounding
introduced during the approval process of the demonstration
areas. We used data (N = 347,590 from 126 areas) from the
five most recent waves of the nationally representative China
Chronic Disease and Risk Factor Surveillance, with the primary
outcome being a composite behavioural risk score combining
six behavioural factors, including current smoking, passive
smoking, drinking in last month, regular exercise, body mass
index, and waist circumference. Compared to synthetic
controls, the programme led to a 1.78% decline in current
smoking (95% Cl: -4.51%, 0.96%), 8.09% decline in the
passive smoking rate (95% Cl: -14.27%, -1.90%), and 4.04%
decline in drinking in last month (95% Cl: -8.75%, 0.67%),
but not significantly so in the other three factors. The
composite behavioural risk score declined by 1.05 short-term
(95% Cl: -1.84, -0.26), 1.15 medium-term (95%

Cl: -2.08, -0.22), 2.82 long-term (95% Cl: -4.79, -0.85), and
1.54 overall (95% Cl: -2.51, -0.56). Our findings are
consistent with the programme has led to significant and
increasing improvements in behavioural risk scores.

Implications of all the available evidence

Our synthetic difference-in-differences quasi-experimental
study provides evidence for the programme’s effectiveness on
behavioural outcomes and evidence-based policy making for
programme expansion and scaling up in China. It may also
shed insight for other countries facing similar challenges in
NCD prevention and control.

and a whole-of-society effort” to respond to the
challenge.”

In China, the mobility burden and mortality caused
by NCD are also alarmingly high and increasing. The
share of NCD-caused mortality increased from 80.0% in
2002 to 86.6% in 2012 and to 88.5% in 2019, which is
higher than the global average.® In 2011, the Chinese
government had begun to pilot a programme called “the
National Integrated Demonstration Area for the Pre-
vention and Control of NCDs (NIDAN)”, led by the
Ministry of Health (then called “National Health and
Family Planning Commission”).” Only three months
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after the United Nations High-Level Meeting on NCDs,
the first batch — a total of 39 areas (urban districts or
rural counties) from 18 provinces were approved in
December 2011 to become demonstration areas. Four
more batches have been approved since then. In 2020,
there were a total of 488 demonstration areas from all 31
provinces in China, covering 17.1% of all district-or
county-level areas and more than 250 million people.

Among various sub-targets that this programme
covered, changing behavioural factors are highly
important as they are one of the key determinants for
NCD prevention. Evaluating the impact of the pro-
gramme on behavioural factors can identify priorities
for improvement, provide evidence to guide its future
expansion in China, and shed insight on launching
similar programs in other countries. However, rigorous
evaluation of this real-world programme is challenging.
The gold standard of (cluster-) randomized controlled
trials was not feasible as the areas could not be
randomly assigned. Quasi-experimental methods such
as difference-in-differences (DID) and the newer syn-
thetic control (SC) method are reasonable substitutes as
they evaluate the programme mimicking randomized
controlled trials. However, in the demonstration pro-
gramme, the assignment of demonstration areas are not
random and must fulfill certain criteria to be approved
and thus are inherently better than average in the pre-
vention and control of NCDs. In a separate methodo-
logical paper, we have demonstrated that assumptions
for the classical quasi-experimental method of DID or
the newer SC method could not be satisfied, rendering
them inappropriate as well.

In 2021, Arkhangelsky et al. introduced the innova-
tive synthetic difference-in-differences (SDID) method.®
It has been shown to outperform classical quasi-
experimental methods in simultaneous adoption
design by relaxing many of the required assumptions.
In place of DID and SC, SDID has been applied in
evaluating the effect of various programmes on health
outcomes such as hospital lengths of stays,’ obesity,"
and diet-related health," especially behavior factors
such as consumption of fruits and vegetables.”” In our
methodological paper, we have shown that the SDID
method is more suitable than DID or SC in evaluating
programs implemented in a staggered setting (e.g., in
batches as in the demonstration programme). Given the
significance of this largest and longest-running national
programme on NCDs, we aimed to use the SDID
method to evaluate the effect of the programme on risk
factors and health outcomes, with a particular focus on
behavioural risk factors in this paper.

Methods

National NCD demonstration areas programme
The National NCD Demonstration Areas programme
aims to improve area-level NCD prevention and control
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by establishing demonstration zones where local gov-
ernments are required to form leadership teams. These
teams enhance comprehensive control based on an
action index system issued by the National Health
Commission. The intervention includes promoting
healthy lifestyles, physical fitness, tobacco control,
creating supportive environments, advancing chronic
disease screening, early diagnosis, and tiered medical
services, etc.”” The leadership team should distribute
interventions among several government de-
partments from seven key aspects, which also serve as
the criteria for annually determining whether this
area qualifies as a demonstration area: (1) govern-
mental leadership; (2) supportive environment; (3)
integrated system; (4) health education and health
promotion; (5) whole-course management of NCDs;
(6) surveillance and evaluation; and (7) innovation and
dissemination'*" (see Panel 1 for more details). All
implementation processes for each indicator in each
area met the criteria was guided by government doc-
uments. The panel, appendix 1 and 2 provides the
details of the intervention and the workflow of
implemention progress.

The approval and initiation of demonstration areas
has been carried out in five batches — 2011 (39 areas,
reevaluated in 2016), 2012 (101 areas reevaluated in
2017), 2014 (125 areas, reevaluated in 2019), 2017 (103
areas, reevaluated in 2022), and 2020 (123 areas). A total
of 488 areas were approved by 2020 with three areas lost
due to changes in administrative divisions, covering
17.1% of all district-or county-level areas in China and
more than 250 million people.

Synthetic difference-in-differences

We used the SDID method to estimate the causal effect of
this programme on behavioural risk factors. In general,
SDID combined the advantages of the DID and SC
methods and relaxed corresponding assumptions. In
traditional DID, parallel trend assumption is stickly
required. However, SDID automatically satisfies the
parallel trend assumption and applies a logic similar to
SC by weighting both units and time periods. Instead of
directing using non-demonstration areas as the counter-
factual outcome for demonstration areas, Y°, the SDID
method involves choosing the optimal synthetic weight
W*did 1o construct synthetic controls from the non-treated
group which’s outcome parallel with the average outcome
for demonstration areas. It also looks for time weight I" =
(A1, 42 ..., At,) that balances pre-intervention time periods
with post-intervention."! Therefore, it is relatively free
from potential selection bias and confounding factors.
The abstract of our methodological paper comparing the
SDID with the DID and SC methods was included in
Appendix 3. The effect of this programme was measured
by the average treatment effect. Given the optimum area
weight c?)j\‘]i’d and time weight 71, we estimated average
treatment effects of the treated (ATTs) as:
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Panel 1. National NCD demonstration areas programme

To address the increasing burden of NCDs in China, the
National Health Commission (formerly Ministry of Health)
initiated the National Integrated Demonstration Areas for
Prevention and Control of NCDs programme in 2011. The
programme emphasizes the importance of integrated
approaches for NCD prevention and control at the district
(urban) or county (rural) level (“area” hereafter). The goal of
the programme is to improve area-level NCD prevention
and control and to promote effective integrated strategies
at a larger scale.

The programme designates certain areas as demonstration
zones and mandates local governments to form leadership
teams within these zones. These teams are integral to the
intervention, tasked with enhancing comprehensive control
and intervention through an action index system issued by
the National Health Commission. The intervention includes
promoting healthy lifestyles, physical fitness, tobacco
control, creating supportive environments, advancing
chronic disease screening, early diagnosis, and tiered
medical services, etc. The performance of these teams in
NCD prevention is standardized and evaluated annually
based on seven key aspects: (1) governmental leadership;
(2) supportive environment; (3) integrated system; (4)
health education and health promotion; (5) whole-course
management of NCDs; (6) surveillance and evaluation; and
(7) innovation and dissemination. Appendix 1 provides the
detailed scoring system of criteria for evaluating whether an
area’s interventions meet the standards, including the 22
specific indicators and actions for the seven categories,
along with their evaluation weights and the responsible
government departments.

The workflow for the implementation progress of the
programme, as well as the evaluation procedure, is
explained in Appendix 2. In summary, one year after
becoming provincial demonstration areas, the local area-
level governments are eligible to apply to become national
demonstration areas and, after approval by the National
Health Commission-appointed expert panel, to continue to
implement area-level multi-sectoral and community-based
measures targeting health promotion and education, early
diagnosis, and standardized management for preventing
and controlling NCDs.

ATTsdid — E[Y|t> TO} D= ]_]—E[//I\t Y|t> TO, D= 1]
N-K ___ ~
- > @ d(E[Y]t> To, D=0]-E[4 Y|t < To, D=0] (1)

n=1

where Y is the outcome of interest, ¢ >T; represents post-
treatment period, t < T, represents pre-treatment period,
D is a dummy variable indicates whether the area is a

demographic area. Full details of the SDID model,
optimal weight selection, and ATTs estimation can be
found in Appendix 4.

Data sources

Individual-level behavioural outcomes were from China
Chronic Disease and Risk Factor Surveillance
(CCDREFS), a nationwide series of cross-sectional sur-
veys conducted every three years since 2004, with the
main aim of collecting information on major NCDs and
related risk factors among Chinese adults. Study par-
ticipants were selected based on a multistage stratified
cluster sampling with the smallest primary sampling
unit being urban districts or rural counties, just as the
programme’s implementation units, known as disease
surveillance points in CCDRFS.'® Up to the present, six
surveys had been carried out in 2004 (covering 79 areas),
2007 (161 areas), 2010 (161 areas), 2013 (298 areas),
2015 (298 areas), and 2018 (298 areas).”” We used data
from all waves except 2004, as its questionnaire was
incomparable with the rest.

Because each wave of CCDRFS did not necessarily
include the same areas, there were 126 areas having data
from all five waves from 2007 to 2018, with 26 areas
becoming demonstration areas in three batches in 2011,
2012, or 2014 (see Appendix 5). The remaining 100 were
non-demonstration areas and served as the donor pool
to construct synthetic controls. We further combined
the first and second batches (2011 and 2012) into one
group because their implementation periods fell be-
tween two waves of CCDRFS (2010 and 2013).

In the SDID model, we included demographic and
economic domains as covariates: sex ratio (male over
female), the proportion of older adults aged 65 years or
older (out of the total population), and the log-
transformed (GDP) per capita. These data for the 126
areas were obtained from the local Bureau of Statistics
yearbooks for each area in each survey year.

Outcome measurements

The focus of this evaluation was on behavioural risk
factors. The following six variables from CCDRFS were
included: current smoking, passive smoking, drinking
in the last month, regular exercise, body mass index,
and waist circumference (see Appendix 6 for detailed
definitions or measurements). No dietary data were
available in the 2007 wave. Body mass index and waist
circumference as indicators of overall and central
obesity were included owing to their close relationships
with diet and physical activity.

The programme intervent from seven aspects, so a
composite measure is needed to capture its effects
succinctly and comprehensively, rather than focusing on
individual outcomes. Therefore, we created a composite
measure called ‘behavioural risk score’ to indicate the
overall effect as the primary outcome for this pro-
gramme evaluation. The six behavioural variables above
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were assigned equal weights. “Regular exercise” had a
weight of —1 as its direction was opposite of the other
variables. Then we added up six behavioural variables to
generate the behavioural risk score. A lower behavioural
risk score indicates a better overall outcome.

To obtain area-level outcomes, individual-level data
were aggregated using weights accounting for sample
design, non-response, and age-sex differences between
selected and target population.

Statistical analysis

We performed descriptive analyses of outcomes by
implementation status and year. The Shapiro—Wilk test
was employed to assess the normality assumption, then
Welch’s t test and Wilcoxon rank sum test was sepa-
rately applied for normally distributed variables and
skewed variables. We used the SDID method to esti-
mate the causal effect of this programme on behavioural
risk factors. In this study, a synthetic control that had
parallel trend in adjusted outcomes with each batch of
demonstration areas was modelled as the optimal
weighted combination of the donor pool (i.e., the 100
non-demonstration areas), with time weights being
equal across pre-treatment period. Linear regression
with identity link was performed to model the rela-
tionship between behavioural risk factors and pre-
dictors, including unit-fixed effects, time-fixed effects,
and covariates (proportion of elderly, sex ratio, and log-
transformed GDP per capita). The adjustment for
covariates was fulfilled by subtracting the effect of
covariates on outcomes. The linearity assumption was
checked using penalized splines of covariates in gener-
alized additive models (Appendix 7A, B, and C). Since
log-transformed GDP per capita showed non-linear re-
lationships with some outcomes, the natural cubic
spline of log-transformed GDP per capita was instead
incorporated into the model. The degree of freedom of
the natural cubic term was set to three because it
generated the best model fitting.

To estimate the effect of NIDAN, the average dif-
ference in the related risk factor between the demon-
stration areas and the synthetic control during the entire
pre-treatment period was subtracted from the average
difference during the entire post-treatment period. To
determine the overall effect across multiple batches,
SDID estimates were first obtained from the first two
batches and the third batch, then a weighted average of
these estimates was calculated by weighting to the
fraction of treated unit/time—perod pairs. Considering
that the effect of this programme may be transient and/
or lagging and the availability of data, the short-term
effect as 1-2 years post-treatment, medium-term effect
as 3—4 years post-treatment, and long-term effect as 6-7
years post-treatment were further separately estimated.
Clustered bootstrap of the corresponding counties/dis-
tricts was performed 1000 times to obtain standard er-
rors. As the asymptotic normality of obtained estimates
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had been proved by Arkhangelsky et al.,* which also held
true in our study, the results were summarized as mean
difference adding or subtracting 1.96 times its standard
error. All statistical analyses were conducted in R
(version 4.2.1) using the “synthdid” and “xsynthdid”**
(for time-varying covariates) packages. We reported the
average treatment effects of the treated with 95% con-
fidence interval.

Sensitivity analyses

Several sensitivity analyses were conducted to verify the
robustness of our results. First, we repeated the analyses
to use time weights that balance the pre-treatment and
the post-treatment periods for the control group, i.e., to
make the average pre-treatment change as similar as
possible to the average post-treatment change in the
control group. Second, in the donor pool, we excluded
non-demonstration areas located in the same city with
any demonstration area, to satisfy the “no interference
across areas” assumption with more rigor. Third, areas
with top 10% highest growth in GDP per capita during
2010-2018 were excluded to avoid the potential con-
founding from socioeconomic factors that may affect
both health behaviors and selection of demonstration
areas. Fourth, considering that the relatively short pre-
treatment period might subject our study to bias due
to overfitting to noise, we applied the weights derived
from the behavioural risk score to each single behav-
ioural variable.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results

The 26 demonstration and 100 non-demonstration areas
in the CCDRFS over 2007-2018 included 72,193 and
275,397 participants, respectively. Table 1 reports the
individual-level and area-level characteristics for two
demonstration groups and all non-demonstration areas.
Participants in the demonstration areas had higher ed-
ucation and household income per capita. Area-level
GDP per capita was also much higher in demonstra-
tion areas than that in non-demonstration areas. The
systematic pre-implementation differences between
demonstration and non-demonstration areas indicated
the need for a more compatible control group.

For the 2011-2012 batches, the pre-implementation
trends for most behavioural factors were different be-
tween demonstration and non-demonstration areas
(Fig. 1, left of the vertical grey bars and see Appendix 8
for detail results). However, when comparing demon-
stration areas with their synthetic controls, we found
that the pre-implementation trends were parallel across
all outcomes. This indicates that by applying the SDID
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Demonstration Demonstration Non-demonstration
areas in the areas in the areas
2011/12 batch 2014 batch
Individual characteristics - - -
N= 52,675 19,518 275,397
Age (years) 50.8 + 15.0 51.6 + 14.6 49.7 + 14.6
Men (n, %) 23,486 (44.6) 8971 (46.0) 125,183 (45.5)
High school or above (n, %) 16,943 (32.2) 5016 (30.8) 54,852 (19.9)
Annual household income per 12,500 10,000 8000 (3750-15,000)
capita (CNY) (6400-25,000) (4500-22,500)
Area-level characteristics - - -
N= 19 7 100
Proportion of elderly (%) 99 +21 112 + 2.3 93 +33
Sex ratio” 102.6 + 4.3 102.6 + 6.1 104.2 + 4.1
Gross domestic products per 56,367 35,423 29,304
capita (CNY) (33.627-89,533)  (25446-58,640)  (16,655-48,874)
BMI, body mass index; WC, waist circumference; GDP, gross domestic product. The data were presented as
mean & SD, n (%), or median (P55, P75). “The numer of men per 100 women.
Table 1: Individual and area-level characteristics by implementation status of the demonstration
programme, 2007-2018.

method and using synthetic controls as the control
group, the parallel trend assumption was satisfied
(Fig. 1, left of the vertical grey bars). The three columns
in Fig. 1 show the short-term (1-2 years), medium-term
(3—4 years) and long-term (6-7 years) trends after initi-
ation of the programme. Although the trends had
different patterns across the risk factors, improvement
for demonstration areas (solid red lines) over the SC
(dash red lines) or non-demonstration areas (dash blue
lines) was discernible for each time period, and the
difference was increasing over time for most risk fac-
tors. For the composite measure of behavioural risk
score, we observed clear, large, and increasing im-
provements over time.

The same trend was observed for the demonstration
areas approved in 2014 (Fig. 2). The behavioural risk
score decreased (improved) for the demonstration areas
but increased for the two sets of controls. Most indi-
vidual risk factors had similar trends favoring the
demonstration areas but there was a noticeable decrease
in regular exercise compared with non-demonstration
areas in 2018.

The multivariable SDID estimates, adjusted for sex
ratio, proportion of older adults, and GDP per capita,
were calculated for the primary outcome of behavioural
risk score. The results of behavioural risk score showed
that the pooled effect of the programme was —1.54, with
a 95% confidence interval (CI) ranging from -2.51
to —0.56. Specifically, the ATTs for the 2011-2012 batch
and 2014 batch were -1.75 (95% CI: -3.01 to -0.48)
and -0.69 (95% CI: -1.69 to 0.32), respectively (Table 2).
As for each behavioural risk factor, the results indicate a
pooled ATTs for the current smoking rate of —1.78%,
with a 95% CI ranging from -4.51% to 0.96%. The

ATTs for the 2011-2012 batch and 2014 batch
were —1.76% (95% CI: —-5.25% to 1.73%) and -1.85%
(95% CI: —4.50% to 0.80%), respectively. For the passive
smoking rate, the pooled ATT was —8.09%, with a 95%
CI ranging from -14.27% to —1.90%. The subgroup
ATTs for 2011-2012 Dbatches and 2014 batch
were —8.66% (95% CI: —16.73% to —0.59%) and —5.75%
(95% CI: —14.05% to 2.55%), respectively. These find-
ings suggest that the programme effectively reduced the
prevalence of both current and passive smoking. As for
the prevalence of drinking in the last month, the pooled
ATTs were —4.04% (95% CI: -8.75% to 0.67%). For
2011-2012 batches and 2014 batch, the ATTs
were —4.54% (95% CI: —10.54% to 1.45%) and -1.99%
(95% CI: —4.60% to 0.61%), respectively. The results
showed a reduction in the prevalence of drinking. As for
regular exercise, the effect was not consistent across
batches. Although the ATTs for body mass index and
waist circumference were consistently negative across
batches, the effect was too small to have clinical
implications.

When examining the short-term, medium-term,
and long-term effects separately, for the 2011-2012
batches, the effect sizes increased over time for the
behavioural risk score as well as current smoking, and
passive smoking (Table 3). Only short-term and
medium-term results were available for the 2014
batch or pooled results. The effect sizes were gener-
ally smaller, with no clear increase over time except
for smoking and drinking. Results from the four sets
of sensitivity analyses (time weights, excluding same-
city non-demonstration areas, excluding top 10%
highest growth GDP, and applying weight from
behavioural risk score to each single behavioural
variables) were generally consistent, thus verifying
the robustness of the SDID method and analyses
(Appendices 9-13).

Discussion

The programme is the largest and longest-running na-
tional initiative on NCD prevention and control in
China. With data from a series of independent nation-
ally representative surveys (N = 347,590 for 126 areas),
we adopted the SDID method to rigorously evaluate the
impact of the programme on behavioural risk factors.
We observed consistent and increasing improvements
over time in the overall behavioural risk score for the
demonstration areas compared to synthetic controls or
non-demonstration areas. Out of the six behavioural risk
factors examined, the programme reduced prevalence of
current smoking, passive smoking, and drinking, with a
trend toward increasing effects from short (1-2 years
post-programme initiation), medium (3—4 years), to
long-term (6-7 years). The results on regular exercise
were mixed and the changes in body mass index and
waist circumference were small.
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The etiology of NCDs are complex and multi-
factorial, with behavioural factors playing a significant
role.” To address the rapidly rising burden of NCDs,
multi-pronged community-based strategies are needed
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and promoted by the United Nations and the World
Health Organization.” This programme adheres to
these principles and is characterized by government
leadership and policy support, community engagement,
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building a supportive (e.g., smoke-free) environment,
health education and promotion, and surveillance and
monitoring. It is more “integrated” or comprehensive
than campaigns focusing on single or a limited set of
risk factors such as a healthy diet or tobacco control.
Therefore, the behavioural risk score comprised of six
behavioural risk factors is a suitable composite measure
to evaluate its effects. Our findings of improvements in
behavioural risk score demonstrated the overall effec-
tiveness of this programme. The increasing effects from
short-, medium-, to long-term are consistent with the
fact that it takes time for large regional programs to
manifest their impacts.”

The effect of this programme on individual risk
factors was generally reassuring with some mixed and
non-consistent results. Tobacco control is a long-term
process that requires the implementation of compre-
hensive policies and measures. Nationally, tobacco
smoking among people aged 15 or above declined by 1.5
percentage points from 28.1% in 2010 to 26.6% in 2018,
far from the 20% by 2030 goal set by the Healthy China
Action Plan (2019-2030).”' Against this backdrop, the
demonstration areas had larger declines than control
areas in the current smoking rate and passive smoking
rate. This could be attributable to the programme’s
emphasis not only on smoking cessation but also on
building smoke-free environments, mass media, and
health education.

Drinking, associated with increased risks in more
than 200 diseases and injuries,”>” is the third most
important behavioural risk factor for NCDs after diet
and tobacco use.”* The results showed that interventions
targeting drinking behaviors were effective. The pro-
gramme’s impact on reducing drinking behaviors
accumulated over the middle and long-term, indicating
a consistent and lasting effect.

Over the past 20 years, the prevalence of overweight
and obesity has risen sharply in China.”*” Compared to
control areas, the demonstration areas could not reverse
the trend of increasing obesity but appeared to have a
slower increase, especially waist circumference. For
regular exercise, a behavior closely related to obesity, we
observed increases in some years but decreases in
others. Our results suggest that more intensive and
comprehensive policies and measures need to be
implemented to tackle the health and economic burdens
of obesity.

Before this study, the only “systematic” evaluation of
this programme was conducted in 2016. Besides quali-
tative interviews and site visits, the evaluation team sur-
veyed 3891 residents in 10 selected demonstration areas
from a total of 265 areas in 2016.” This study found
72.1% of participants reported consuming vegetables
daily, 53.6% consuming fruits daily, and 86.9% walking
at least 10 min per day.”” Compared to one year ago, they
self-reported decreasing salt and oil intake while
increasing physical activity. Although individual-level
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of log-transformed GDP per capita.

Year of Absolute P-value
implementation difference (95% Cl)
Current smoking (%) 2011-2012 -1.76 (-5.25, 1.73) 0.32
2014 -1.85 (-4.50, 0.80) 0.17
Pooled -178 (-4.51, 0.96) 0.20
Passive smoking (%) 2011-2012 -8.66 (-16.73, -0.59) 0.036
2014 -5.75 (-14.05, 2.55) 018
Pooled -8.09 (-14.27, -1.90) 0.011
Drinking in last month (%) 2011-2012 -4.54 (-10.54, 1.45) 0.14
2014 -1.99 (-4.60, 0.61) 0.13
Pooled -4.04 (-8.75, 0.67) 0.093
Regular exercise (%) 2011-2012 2.41 (-2.82, 7.64) 0.37
2014 -2.58 (-5.83, 0.67) 0.12
Pooled 1.43 (-2.59, 5.44) 0.49
Body mass index (kg/m?) 2011-2012 -0.02 (-0.32, 0.29) 0.92
2014 -0.00 (-0.21, 0.20) 0.99
Pooled -0.01 (-0.25, 0.22) 0.92
Waist circumference (cm) 2011-2012 -0.13 (-1.43, 1.17) 0.84
2014 -0.53 (-1.62, 0.56) 0.34
Pooled -0.21 (-1.23, 0.80) 0.68
Behavioural risk score 2011-2012 -1.75 (-3.01, -0.48) 0.0071
2014 -0.69 (-1.69, 0.32) 018
Pooled -1.54 (-2.51, -0.56) 0.0021

NIDAN, non-communicable disease demonstration area; BMI, body mass index; WC, waist circumference. “All
estimates were adjusted for proportion of older adults aged 65 years or older, sex ratio, and natural cubic spline

Table 2: Overall effect” of the demonstration programme on behavioural risk factors by batch.

data were analyzed and published in four papers in
Chinese journals, these cross-sectional findings could
only be compared with national averages to infer the ef-
fects of the programme on behavioural risk factors,***'
hypertension,” and diabetes* management. These
studies failed to consider the systematic difference in pre-
implementation between demonstration areas and non-
demonstration areas, leading to potential overestimation
of the results.

As the first causal evaluation of the programme, we
didn’t use cross-sectional analayes nor traditional quasi-
experimental methods such as DID or SC, which have
been shown to lead to biased policy effect estimates in
evaluating such programme due to violating the key
parallel trend assumption for DID or convex hull con-
dition for SC caused by potential selection bias.®***
Rather, we adopted the innovative SDID method to
overcome common biases and fully utilize the available
data. The SDID method estimates ATTs by comparing
the treatment group with a constructed synthetic control
group. This approach is considered more reliable
because SDID reduces reliance on the parallel trend
assumption by constructing a synthetic control that
ideally satisfies this assumption. To the best of our
knowledge, the validation of SDID is based on the pre-
treatment parallel trend between the treatment group
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Year of 1-2 years after 3-4 years after 6-7 years after
implementation  implementation implementation implementation
of the programme of the programme of the programme
Absolute difference P-value  Absolute difference P-value  Absolute difference P-value
(95% Cl) (95% Cl) (95% Cl)
Current smoking (%) 2011-2012 0.23 (-3.24,371)  0.90 -0.74 (-3.78,229)  0.63 -4.44 (-9.69, 0.82) 0.099
2014 -139 (-536,258)  0.49 -221(-5.81,138) 0.3 = =
Pooled -0.20 (-2.85, 2.44)  0.88 -114 (-3.48,120) 034 = =
Passive smoking (%) 2011-2012 -5.85 (-13.20, 1.51)  0.12 -4.95 (-11.92, 2.03)  0.17 -16.15 (-27.43, -4.86)  0.0055
2014 -3.54 (-11.63, 4.55)  0.39 -8.14 (-20.19,3.92) 0.19 - -
Pooled -523 (-10.66, 0.21) 0.060  -5.80 (-11.75, 0.14)  0.056 - -
Drinking in last month (%)  2011-2012 -2.20 (-7.30, 2.89)  0.40 -2.91 (-7.74,1.92) 024 -8.26 (-16.80, 027)  0.059
2014 0.64 (-2.55,3.83)  0.69 -4.60 (-8.90, -0.30) 0.037 - =
Pooled -1.44 (-5.17, 2.30) 0.45 -3.37 (-6.93,020) 0.065 - -
Regular exercise (%) 2011-2012 3.34 (-2.20, 8.88) 0.24 2.59 (-1.84, 7.02) 0.25 1.97 (-5.42, 9.36) 0.60
2014 -0.55 (-3.33,222) 070 -4.48 (-9.27,030) 0067 - -
Pooled 229 (-1.63, 6.21)  0.25 0.68 (-2.67, 404)  0.69 - -
Body mass index (kg/m?)  2011-2012 0.00 (-033, 034) 098 -0.12 (-039, 0.14) 035 0.05 (-0.40, 0.50) 0.84
2014 -0.20 (-0.53, 0.13) 0.23 0.20 (-0.17, 0.56) 0.29 = =
Pooled -0.05 (-0.29, 0.19)  0.68 -0.04 (-024, 017) 071 = =
Waist circumference (cm) 2011-2012 -0.33 (-1.70, 1.03) 0.63 -0.01 (-1.39, 1.37) 0.99 0.40 (-1.61, 2.42) 0.70
2014 -1.09 (-2.50, 0.32) 0.13 -0.00 (-1.11, 1.10) 0.99 - -
Pooled -0.54 (-1.58, 0.50) 031 -0.01 (-1.02, .00) 099 - -
Behavioural risk score 2011-2012 -1.18 (-2.25, -0.10)  0.033 -133 (-2.46, -0.19) 0.023 -2.82 (-4.79, -0.85) 0.0055
2014 -0.70 (-1.66, 0.25)  0.15 -0.67 (-2.25, 0.90)  0.40 = =
Pooled -1.05 (-1.84, -0.26)  0.0097  -1.15 (-2.08, -0.22)  0.015 = =
“All estimates were adjusted for proportion of older adults aged 65 years or older, sex ratio, and natural cubic spline of log-transformed GDP per capita.
Table 3: Effect” of the demonstration programme on behavioural risk factors by batch and duration of implementation.

and the synthetic control group, without requiring other
testable statistical assumptions. Our methodological
paper, using the outcome of past-month drinking and
half of the CCDRFS sample as a case study, has shown
that in a staggered implementation setting (in batches
like this one), the SDID offers several advantages over
DID or SC methods. Other studies have also found that
the SDID method could improve the accuracy of policy
effect estimates.”’

Findings from our study demonstrated that the
multi-pronged community-based programmes for NCD
prevention and control are beneficial in promoting
healthy behaviors in general. Compared to national or
provincial-level NCD management programmes, the
advantage of such programme lies in being controlled
by area-level governments, with full departmental coor-
dination. This promotes health integration into all policy
implementations and continuously improves the policy
environment for NCD prevention and control. Its
effectiveness is worthy of rigorous evaluation to guide
future evidence-based policy-making, implementation,
and scaling up. We found that for environmental
behaviour factors that the local government can sys-
tematically intervene in by restricting the sales and
use,* such as smoking and drinking, this policy is

effective; However, for individual behaviour factors,
such as exercise and obesity, this programme has not
shown consistent or large effect results with meaningful
clinical implication within a short period, even if the
demonstration areas provide guidance and support on
healthy lifestyles. This result aligns with the character-
istics of such programmes targeting environmental
factor interventions. For the ineffectiveness of in-
terventions targeting individual lifestyle factors, policy-
makers need to conduct an in-depth analysis of the
causes and adjust relevant policies on this basis, such as
providing more convenient public exercise venues,
increasing investment in health education, developing
personalized intervention tools, and encouraging the
public to participate in exercise through economic in-
centives (e.g., fitness subsidies).

Our study has several limitations: 1) our analyses
were constrained by the data available from CCDREFS.
For the five waves from 2007 to 2018 (the most recent
one conducted), the CCDRFS only contained 26
demonstration areas out of the 265 areas approved by
then. Nevertheless, CCDRFS was nationally represen-
tative and the best data available for evaluation. We were
also able to make use of data from 100 non-
demonstration areas in the SDID analyses and
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evaluated short-term (1-2 years), medium-term (3—4
years), and long-term effects (6-7 years post-initiation);
2) the inclusion of evaluation indicators (six behav-
ioural risk factors) relied on the variables available and
compatible across multiple waves of CCDRFS, thus
certain important indicators such as diet could not be
evaluated. Instead, we included two physiologically
measured indices (body mass index and waist circum-
ference) closely related to both physical activity and diet
in our evaluation; 3) The confidence intervals of our
significant findings were relatively wide possibly due to
the sample size, suggesting that our study might be
underpowered to detect certain associations had they
existed. To partially address this concern, we generated a
composite measure — behavioural risk score to capture
programme impacts more fully; 4) as the DID method,
the SDID method also requires the “no anticipation”
assumption, which means in our context no forward-
looking areas reacted in advance of programme initia-
tion.” Although the use of 2007 and 2010 as
pre-implementation data did not suffer from this prob-
lem for the demonstration areas in the first two batches
(2011-2012), the areas from the third batch (2014)
might have reacted in advance after the official launch of
the programme in 2011. However, since violating this
assumption would under-estimate instead of over-
estimate the treatment effect, it would make our re-
sults conservative and acceptable.

Future efforts should aim to systematically evaluate
the impact of the programme using more temporal and
spatial data on behavioural and other outcomes as they
become available. A Cost-effectiveness analysis of the
programme should be conducted to determine costs,
budget impacts, and economic values. The implementa-
tion and evaluation of the NCD demonstration pro-
gramme can provide evidence and valuable experience
and lessons for future work in China as well as references
and insight for other countries around the world facing
similar challenges in NCD prevention and control.
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