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Preplanned Studies

Weekly Weight Gain in Women with Gestational Diabetes
Mellitus and Neonatal Birth Weight — China, 2011-2021

Nana Liu"% Jinlang Lyu*®; Haijun Wang’ Yin Sun'; Suhan Zhang'; Hang Lin'; Yaxin Wang'; Xuanjin Yang'; Shuai
Ma'; Na Han’ Yang Mi‘; Dan Zheng’ Zhifen Yang®; Hongping Zhang’; Yan Jiang®; Yuelong Ji**; Liangkun Ma'*

Summary

What is already known about this topic?
Elevated gestational weight gain (GWG) during
pregnancy among women diagnosed with gestational
diabetes mellitus (GDM) is correlated with an
increased instance of large for gestational age (LGA)
and macrosomia. However, it remains uncertain
whether managing weekly GWG following a GDM
diagnosis positively impacts fetal birth weight.

What is added by this report?

Our study found that GWG following GDM diagnosis
correlates positively with the risk of LGA and
macrosomia among all body mass index (BMI)
subgroups, especially for overweight and obese women.
What are the implications for public health
practice?

The results of this research highlight the importance of
enforcing a more stringent regulation on GWG on a
weekly basis for overweight and obese women
diagnosed with GDM, particularly when considering
neonatal growth.

Neonatal weight serves as a crucial marker of
intrauterine development and maternal nutritional
health (7). Given the potential cumulative impacts of
gestational  weight gain  (GWG) and
gestational diabetes mellitcus (GDM) on neonatal
weight, it may be beneficial to adopt a slower GWG
rate (2). However, the benefits of maintaining control
over weekly GWG following a GDM diagnosis in

relation to fetal birth weight remain undetermined.

excessive

Consequently, we utilized data from various centers
nationwide to evaluate the relationship between weekly
GWG post-GDM diagnosis (categorized by weight at
GDM diagnosis) and the likelihood of large for
gestational age (LGA) and macrosomia. Associations
between weekly GWG after GDM diagnosis and risks
of LGA and macrosomia were assessed using the odds
ratio (OR) and 95% confidence interval (CJ).

Based on the Chinese standards for sex- and
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gestational age-specific birth weight from 2015 (3),
LGA is identified as a birth weight higher than the
90th percentile for gestational age defined by sex.
Macrosomia is identified as a birth weight exceeding
4,000 g (4). Body mass index (BMI) at the time of
GDM diagnosis was grouped into nine categories using
the statistical equidistant grouping method (5):
BMI>19 kg/mz; 19 kg/mZSBMI<21 kg/mz; 21 kg/m2
<BMI<23 kg/m?; 23 kg/m?<BMI<25 kg/m?; 25 kg/m?
<BMI<27 kg/m?; 27 kg/m?<BMI<29 kg/m?; 29 kg/m?
<BMI<31 kg/m?% 31 kg/m’<BMI<33 kg/m?; and
BMI>33 kg/m?. The prevalences of LGA and
macrosomia were subsequently calculated for each
interval. Utilizing univariate and multivariate logistic
regression analyses, we explored the association
between weight at GDM diagnosis, weekly GWG
post-GDM diagnosis, and the risk factors for LGA and
macrosomia. All statistical analyses were performed
using SAS statistical software (version 9.4, SAS
Institute Inc., Cary, NC, USA), with two-sided
statistical tests. A P value of less than 0.05 was deemed
statistically significant.

This retrospective study relied on data collected
from seven regional tertiary hospitals in various
provincial level administrative divisions (PLADs)
throughout China, including Beijing, Shaanxi,
Guizhou, Hebei, Zhejiang, and Shandong. These
establishments included Peking Union Medical
College Hospital, Beijing Tongzhou District Maternal
and Child Health Hospital, Dong E County People’s
Hospital, Northwest Women and Children’s Hospital,
the Fourth Affiliated Hospital of Hebei Medical
University, Guiyang Maternal and Child Health
Hospital, and Wenzhou People’s Hospital. All selected
facilities had established consistent clinical treatment
standards for GDM and were known for the reliability
of their data. Female GDM patients’ records from
2011 to 2021 were analyzed for this project. All
information was extracted from electronic medical
records, details of which have been discussed in a
previous study (6). Subjects’ weights, usually not
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assessed during the 75-g oral glucose tolerance test
(OGTT), were documented a week before or after the
activity to obtain more comprehensive data.
Ultimately, 11,168 women with GDM were
considered for this analysis.

Essential data were collected from medical records,
which included maternal age, weight prior to
pregnancy, week of GDM diagnosis, weight at time of
GDM diagnosis, weight before delivery, weeks
remaining until delivery, and neonatal birth weight.
The diagnostic criteria for GDM are the same as in
previous study (6).

Study participants self-reported their pre-pregnancy
weight. Using these self-reported measurements, pre-
pregnancy BMI was calculated using the formula
weight (kg) divided by the square of height (m?2). The
pre-pregnancy BMI classification criteria remained the
same as in previous study. The pregnant women’s
weight reported a week before or after undergoing the
OGTT was marked as the weight at GDM diagnosis.
The corresponding BMI was determined by dividing
this weight by the square of height (m?). Pre-delivery
weight refers to the measurements taken one week
prior to childbirth. The GWG post-GDM diagnosis
was computed by deducting the pre-delivery weight
from the weight at GDM diagnosis. Lastly, the rate of
GWG after the GDM diagnosis, measured in kg/week,
represented the GWG from GDM diagnosis to
delivery.

Continuous variables are presented as the mean +
standard deviations. Categorical variables are expressed
as frequency (percentage) in the descriptive analysis.
We used the univariable and multivariable logistic
regression models to estimate the effects of weekly
GWG and GWG after GDM diagnosis on the
occurrence of LGA and macrosomia. BMI of GDM
diagnosis was grouped by equidistant grouping
method.

The Peking Union Medical College Hospital
(PUMCH) Ethics Committee approved this study
(NO. JS-2333). Due to the observational nature of the
rescarch and the absence of personally identifiable
information collection, informed consent was waived,
as previously noted elsewhere (7). The study, registered
under ClinicalTrials.gov Identifier: NCT04421053,
adhered to the principles laid out in the Declaration of
Helsinki.

Table 1 presents the clinical characteristics of the
study participants. Our final analysis included 11,168
women diagnosed with GDM. The mean maternal age

704 CCDC Weekly / Vol. 5/ No. 32

was 31.02 years with a standard deviation of 4.38. Of
these women, 1,338 (11.98%) delivered infants
classified as LGA, while 764 (6.84%) delivered infants
Noteworthy
observed in the baseline characteristics of women with
GDM within the LGA and macrosomia groups.

A statistically significant increase in the OR for fetal

with macrosomia. variations  were

growth was observed in individuals grouped by normal
weight [LGA: adjusted odds ratio (¢OR)=2.641, 95%
CI: 1.926-3.622 and macrosomia: 2OR=3.299, 95%
CIL: 2.217-4.909]. Notably, increased OR was also
apparent in the overweight (LGA: 2OR=2.575, 95%
CI: 1.734-3.823 and macrosomia: 2zOR=1.998, 95%
Cl.  1.223-3.263) and obese groups (LGA:
aOR=1.056, 95% CI: 1.032-1.082). According to pre-
pregnancy BMI, more substantial weekly GWG was
associated with a higher risk of LGA and macrosomia.
Nonetheless, the OR for macrosomia in the obese
group was not significant (¢OR=1.741, 95% CI
0.750-4.043). In addition to this, the OR for fetal
growth increased significantly in the underweight
(LGA: 20R=1.140, 95% CI: 1.083-1.200 and
macrosomia: 2OR=1.165, 95% CI. 1.096-1.239),
normal weight (LGA: 4OR=1.096, 95% CI.
1.083—-1.110 and macrosomia: «OR=1.102, 95% CI
1.086-1.120), overweight (LGA: 2OR=1.096, 95% CI.
1.078-1.114 and macrosomia: «OR=1.115, 95% CI:
1.093-1.138) and obese groups (LGA: 2OR=1.056,
95% CI: 1.032—1.082 and macrosomia: 240R=1.050,
95% CI: 1.019-1.082) (Table 2). There was a direct
correlation observed between weight at the time of
GDM diagnosis and the risk of developing LGA and
macrosomia.

The data suggests that with an increase in BMI at
the point of GDM diagnosis from less than 19 kg/m?
to equal to or greater than 33 kg/mz, the incidence of
LGA increased markedly from 1.33% to 24.71%.
Simultaneously, the prevalence of macrosomia also rose
from 1.33% to 15.21%, as indicated in Figure 1.

Further analysis was conducted on the association
between BMI at the time of GDM diagnosis and fetal
birth weight. Notable findings indicated that an
increased OR for LGA (OR=1.726, 95% CI
1.431-2.083) was observed when the BMI at GDM
diagnosis ranged from 23-25 kg/mz. The odds ratio
for LGA also increased in the subsequent four groups
after the reference group, showcasing ratios of
OR=2.169, 95% CI: 1.788-2.631, OR=3.003, 95%
CI: 2.440-3.696, OR=4.047, 95% CI. 3.161-5.181,
and OR=3.937, 95% CI. 2.860-5.420, respectively.

Chinese Center for Disease Control and Prevention
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TABLE 2. Association between weekly GWG after GDM diagnosis and LGA and macrosomia, stratified by pre-pregnancy BMI status.
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1.741 (0.750-4.043)
1.050 (1.019-1.082)*

1.056 (1.032-1.082)*
1.056 (1.032-1.082)"

1.819 (0.799-4.145)
1.050 (1.019-1.082)*

2.389 (1.275-4.478)*

Weekly GWG (kg/week)

Obese

1.057 (1.032-1.082)"

Note: Multivariable analysis was performed by adjusting for maternal age and weight gain at the time of GDM diagnosis or weekly GWG.

Abbreviation: GWG

* P<0.05.

Weight at GDM diagnosis (kg)

(>28.0 kg/m?)

body mass index; OR=0dds ratio; C/=confidence interval.

gestational weight gain; GDM=gestational diabetes mellitus; LGA=large gestational age; BMI=

China CDC Weekly

T P<0.001.

Contrastingly, a decrease in the odds ratio for LGA
was documented when the BMI at GDM diagnosis
ranged from 19-21 kg/m? or 21-23 kg/m?, with
respective ratios of OR=0.497, 95% CI: 0.310-0.798
and OR=0.588, 95% CI: 0.446-0.777 (Figure 2A). A
parallel trend was apparent in the odds ratio for
macrosomia (Figure 2B). The findings thus indicate
that the risk of LGA occurrence and macrosomia
increases with a higher BMI at GDM diagnosis. These
findings are also consistent with the results delineated
in Table 2.

In the course of our research, we conducted further
analyses to investigate the correlation between the
weekly GWG post GDM diagnosis and the associative
risks of both LGA and macrosomia. As per
representation in Figure 2A, a BMI at GDM diagnosis
ranging between 19 and 21 kg/m? resulted in a
significantly high odds ratio of LGA and macrosomia
[(OR=1.192, 95% CI. 1.071-1.327), (aOR=1.182,
95% CI: 1.044—1.338)], respectively. Similarly, a BMI
range between 23 and 33 kg/m? at GDM diagnosis
markedly escalated the odds ratio of LGA and

macrosomia.

DISCUSSION

Our research suggests that GWG following GDM
diagnosis correlates positively with the risk of LGA and
macrosomia among all BMI subgroups. Moreover, our
findings indicate that the risks of LGA and
macrosomia heighten in correspondence to an increase
in BMI at the time of GDM diagnosis. These findings
underscore the importance of a more stringent
oversight of weekly GWG in managing neonatal
growth, specifically in women diagnosed with GDM
who are classified as overweight or obese.

Women diagnosed with GDM can significantly
reduce the risk of macrosomia and LGA by managing
their weight. The diagnosis of GDM typically occurs
around 24 to 28 weeks of gestation, leaving a relatively
short time between diagnosis and delivery. This
indicates that GWG rate post-diagnosis may provide a
more accurate representation of GWG throughout a
GDM pregnancy. One U.S. study reported that a
weekly GWG of 1 pound post-diagnosis, adjusted for
pre-pregnancy BMI, elevated the risk of adverse
outcomes, such as LGA and macrosomia, by
approximately 36% to 83% (8).

Our study agreed with these findings, showing a
clear correlation between weekly GWG post-diagnosis
and the risk of LGA and macrosomia. Further, we

Chinese Center for Disease Control and Prevention
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Groups of BMI at GDM diagnosis

FIGURE 1. Percentage of LGA and macrosomia occurrence in groups stratified by BMI at the time of GDM diagnosis.
Abbreviation: LGA=large for gestational age; BMI=body mass index; GDM=gestational diabetes mellitus.

explored this association in relation to BMI at the time
of GDM diagnosis.

Barnes et al. (9) performed a retrospective cohort
study on pregnant women with excessive GWG prior
to GDM diagnosis. They segmented post-diagnosis
weight gain into 2-kg units and found a proportional
increase in LGA incidence with increased weight gain
among GDM patients. This correlates with our
findings, but they also examined the impact of
excessive weekly GWG  post-diagnosis on  insulin
therapy requirements, an aspect our study did not
explore.

In conclusion, clinicians should monitor weekly
GWG post-GDM diagnosis closely. It’s imperative to
conduct interventional studies to understand factors
contributing to appropriate GWG, such as diet (10),
and develop comprehensive weight management
guidelines for women with GDM.

Our study stratified participants into nine subgroups
aligned to their BMI at GDM diagnosis, to
accommodate the cumulative effects of metabolic
status and GWG (I1). A subsequent analysis of the
correlation between weight at GDM diagnosis and
fetal birth weight revealed a direct correlation.

Clinical vigilance is necessary for overweight and
obese pregnant women. These women often exhibit
varying degrees of pre-pregnancy insulin resistance
and/or chronic inflammation. Pregnancy may only
serve as a metabolic stress test. Physiological insulin
resistance during gestation can exacerbate pre-existing
metabolic abnormalities, resulting in pronounced

Chinese Center for Disease Control and Prevention

metabolic shifts in overweight and obese women (72).
Excessive glucose is converted into stored body fat,
giving rise to macrosomia.

More research is needed to delve into the association
between weekly GWG and neonatal growth patterns
while mitigating the influence of pre-GDM weight
gain.

The present study possesses distinct strengths.
Primarily, the sample size selected is robust. Analysis
was performed on the data collected from seven
hospitals spread across various regions in China, thus
providing a comprehensive representation of GWG
among GDM affected women in the country. Second,
our research probed the correlation between weekly
GWG post GDM diagnosis and neonatal birth weight,
an aspect not extensively explored by prior studies,
which mostly focused on overall GWG. Third, we
segmented the study participants into nine groups
based on their BMI computed at the time of GDM
diagnosis. The subgroup analysis, taking into account
weight gain prior to GDM diagnosis, enhances the
reliability of our findings.

Nevertheless, this study is not without limitations.
Markedly, the primary treatment for GDM is lifestyle
adjustment, dietary records not
included in the analysis, which may affect the results.
Furthermore, certain social determinants such as
education level or smoking habits were not available,

however, were

potentially acting as confounding factors. Lastly, as this
is a retrospective cohort study, recall bias could pose a
challenge. Hence, it is recommended that future

CCDC Weekly / Vol. 5/ No. 32 707



China CDC Weekly

A Subgroup GDM OR (95% CI)
BMI at GDM diagnosis :
19<BMI (kg/m?) 138 —— 0.161 (0.022-1.160)
19<BMI (kg/m?)<21 941 o—i . 0.497 (0.310-0.798)
21<BMI (kg/m?)<23 2,915 . E 0.588 (0.446-0.777)
23<BMI (kg/m?)<25 4,839 V. —e— 1.726 (1.431-2.083)
25<BMI (kg/m?)<27 5,018 — 1
27<BMI (kg/m?)<29 3,737 H e 2.169 (1.788-2.631)
29<BMI (kg/m?)<31 2,252 : e 3.003 (2.440-3.696)
31<BMI (kg/m?)<33 1,045 : ——— 4.047 (3.161-5.181)
33<BMI (kg/m?) 511 : S e 3.937 (2.860-5.420)
Weekly GWG (kg/week) '
19<BMI (kg/m?) 138 — 0.936 (0.503—1.742)
19<BMI (kg/m?)<21 941 E"‘ 1.192 (1.071-1.327)
21<BMI (kg/m*)<23 2,915 . 1.054 (0.908-1.131)
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FIGURE 2. Association between various BMI groups at the time of GDM diagnosis, post-diagnosis gestational weight gain,

and the risks of LGA and macrosomia.

Abbreviation: GDM=gestational diabetes mellitus; BMI=body mass index; GWG=gestational weight gain; OR=o0dds ratio;

Cl=confidence interval.

prospective cohort studies consider these factors while
assessing the connection between weight gain after
GDM diagnosis and neonatal birth weight.

In summary, the findings from our data imply a
positive correlation between excessive weight gain
following GDM diagnosis and increased risks for LGA
and macrosomia, particularly in overweight and obese
women with GDM. Tighter guidelines for weight gain
rate may confer safety and benefits for the population
with gestational diabetes.
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Preplanned Studies

A Large-Scale Cross-Sectional Study on Mental Health Status
Among Children and Adolescents — Jiangsu Province,
China, 2022

Xin Wang'; Yan Wang'; Xiyan Zhang'; Wenyi Yang'; Jie Yang'*

Summary

What is already known about this topic?

The prevalence of mental health disorders among
children and youth in China stands at 17.5%, a figure
that has been gradually escalating over recent years.
This surge has led to substantial psychological distress
and financial strain for both families and the wider
society.

What is added by this report?

This study boasts an expansive geographical scope by
covering the Jiangsu Province extensively and utilizing
a substantial sample size. An investigation was
conducted on the prevalence and risk factors, which
included family type and health behaviors, of
depressive, anxiety, and stress symptoms.

What are the implications for public health
practice?

The mental health status of children and adolescents
should be of great concern to the government.
Therefore, it is important that public health measures
are implemented to mitigate the development of
depressive symptoms. These measures may include
regular screening procedures and the implementation
of proven interventions.

Mental health disorders in childhood and
adolescence often indicate a long-term and recurring
disease course that extends into adulthood, causing
significant psychological distress and financial strain
for families and society. An increasing trend in the
prevalence of these disorders has been noted in recent
years, making them a significant public health concern
in China (7). Li et al. reported that the general
prevalence of mental disorders among children and
adolescents in China was 17.5%, and 18.8% in Jiangsu
Province. Notably, Jiangsu Province, one of the nation’
s most developed regions located in eastern China, is
renowned for its high-quality education. This research
intends to examine the mental health status of children
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and adolescents in Jiangsu Province in order to inform
and guide prevention and intervention strategies. This
cross-sectional study was carried out from September
to November 2022, encompassing 123,005 students,
aged 618 years, from all 13 cities (84 counties), and
499 schools across Jiangsu Province. Diligent public
health surveillance of children’s and adolescents’
mental health can offer essential data on prevalence
trends and health behavior variances in different
populations. This information is crucial for proposing
early identification and targeted interventions for high-
risk groups (2).

This cross-sectional study, conducted in 2022, was
aligned with the “Surveillance for Common Disease
and Health Risk Factors Among Students” program.
Participants were students aged 6-18 years, drawn
from all 13 cities (encompassing 84 counties) and 499
schools in Jiangsu Province. The sampling approach
utilized a cluster randomized method, selecting two
primary schools, two middle schools, and two high
schools from each county. Within these institutions,
two classes per grade level were targeted, and all
members of the chosen classes were invited to
participate, yielding at least 80 survey participants per
grade.

Survey  participants  completed an  online
questionnaire in multimedia computer classrooms
resulting in the accumulation of 123,005 wvalid
representing a  97.7% effective rate.
Inclusion criteria required participants to be residents

responses,

of Jiangsu Province, studying there, and willing to take
part in the research. The exclusion criteria were: acute
or severe illnesses impacting the ability to cooperate
with the investigation, or an incomplete electronic
questionnaire submission.

The questionnaire was segmented into two sections.
The first solicited sociodemographic information
which included variables such as age, gender, grade,
family type, parental education level, accommodation
status, and residential area. Resident students were
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defined as those who lived in a school dormitory more
than three days per week. Single-parent family was
denoted as living exclusively with one parent. Current
smoking and drinking behaviors were described as the
consumption of alcohol or smoking of cigarettes within
the past 30 days.

The second part of the questionnaire appraised the
participants’ mental health status over the preceding
week. Evaluation tools used included the Center for
Epidemiology Studies Depression (CES-D) scale and
the Depression Anxiety Stress Scale (DASS-21). It also
scrutinized health behaviors related to smoking and
drinking.

This study utilized the CES-D to evaluate the
prevalence of depressive symptoms. Responses were
graded on a four-point Likert scale, with higher
accumulated  scores indicating depressive
symptoms. The Chinese version of the CES-D scale
has been employed and verified for its reliability in
previous studies involving Chinese cohorts (3). A CES-
D score of 20 or higher was utilized to determine the
presence of depressive symptoms.

The DASS-21 was used to gauge three negative
emotional states: depression, anxiety, and stress. As the
depressive symptoms were already appraised using
CES-D, the study employed only two subscales or 14
items of the DASS-21 to evaluate the participants’
symptoms of anxiety and stress. Responses were
calculated on a four-point Likert scale. Each subscale’s
total score was determined by doubling the sum of its
seven items. High scores indicated severe negative
emotions. The presence of anxiety symptoms was
determined with scores above 7, while indications of
stress symptoms were ascertained with scores exceeding
14 (4).

The Cronbach’s alpha for both the CES-D and
DASS-21 were 0.866 and 0.914, respectively, pointing
to substantial internal validity.

Categorical variables are presented in percentages,
while continuous variables are furnished as Mean +
SD. The statistical evaluations were executed using
IBM SPSS Statistics (version 25, IBM SPSS Inc.,
Chicago, USA), and the Chi-square test served to
juxtapose the prevalence of symptoms linked to
depression, anxiety, and stress across different variables.
Factors associated with depressive symptoms were
evaluated a priori, drawing on clinical significance,
established scientific knowledge, as well as predictors
spotlighted in previously published articles. With
univariate logistic regression, variables of statistical
significance were incorporated into a multivariate

severe
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logistic regression in a subsequent step to assess the
correlations between depressive symptoms and the
explanatory variables, utilizing R software (version
4.2.2; The R Foundation for Statistical Computing,
Vienna, Austria). In this study, a P-value of less than
0.05 was accepted to signal statistical significance.

This  study 123,005  eligible
questionnaires. Among the respondents, 64,785
(52.7%) identified as males and 58,220 (47.3%) as
females; 34.9% were primary school attendees, 32.9%
were middle school students, and 32.2% were high
school pupils. It was found that 14.6% exhibited
depression symptoms, 8.0% exhibited evidence of
anxiety, and 27.4% demonstrated signs of stress
(Table 1). The Chi-square test disclosed a statistically
significant discrepancy in the prevalence of depression,

incorporates

anxiety, and stress-related symptoms (P<0.001) across
distinct academic phases. A higher incidence of these
symptoms was observed among female students, upper-
grade students, current smokers or alcohol users, and
individuals from households.
Multivariable logistic regression results indicated that

single-parent

the potential risk factors for depressive symptoms
include being female [odds ratio (OR)=1.39, 95%
confidence interval (C/): 1.35-1.44], a high school
student (OR=1.98, 95% CI: 1.88-2.07), residing in a
single-parent  household  (OR=1.12, 95% CI
1.08-1.17), current smoking (OR=2.40, 95% CI.
2.14-2.68), and current alcohol

(OR=3.18, 95% CI: 3.06-3.30) (Table 2).

consumption

DISCUSSION

This study explored the occurrence of symptoms
relating to depression, anxiety, and stress in children
and adolescents across Jiangsu Province via a large-scale
cross-sectional survey. The findings reveal that mental
health issues remain a significant public health concern
among the juvenile population in Jiangsu. A total of
14.6% of participants in the study demonstrated
depressive symptoms, a figure in alignment with the
data reported in the “Report on National Mental
Health Development (2021-2022)” (5). When
compared to other provinces, the occurrence rate of
depressive symptoms among children and adolescents
in Jiangsu is notably lower than that in Shandong
Province (36.0%) (6), Henan Province (20.0%) (7),
and Anhui Province (18.6%) (8). These discrepancies
might be due to the lower economic status of these
provinces. Previous research has concluded that
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TABLE 1. Characteristics of the participants.

Primary school

Middle school students High school students

Total (N=123,005)

Eactor students (N=42,971) (N=40,439) (N=39,595) P value
MeantSD/N (%) MeantSD/N (%) MeantSD/N (%) MeantSD/N (%)
Age 10.7+£0.9 13.8+0.9 16.7+0.9 13.72.6 <0.001
Gender 0.049
Male 22,505 (52.4) 21,499 (53.2) 20,781 (52.5) 64,785 (52.7)
Female 20,466 (47.6) 18,940 (46.8) 18,814 (47.5) 58,220 (47.3)
Depressive symptoms <0.001
No 39,257 (91.4) 34,172 (84.5) 31,605 (79.8) 105,034 (85.4)
Yes 3,714 (8.6) 6,267 (15.5) 7,990 (20.2) 17,971 (14.6)
Anxiety symptoms <0.001
No 40,312 (93.8) 36,799 (91.0) 36,043 (91.0) 113,154 (92.0)
Yes 2,659 (6.2) 3,640 (9.0) 3,552 (9.0) 9,851 (8.0)
Stress symptoms <0.001
No 34,659 (80.7) 29,313 (72.5) 25,327 (64.0) 89,299 (72.6)
Yes 8,312 (19.3) 11,126 (27.5) 14,268 (36.0) 33,706 (27.4)
Region <0.001
Urban 21,277 (49.5) 20,118 (49.7) 29,391 (74.2) 70,786 (57.5)
Rural 21,694 (50.5) 20,321 (50.3) 10,204 (25.8) 52,219 (42.5)
Resident students <0.001
No 42,281 (98.4) 35,122 (86.9) 22,047 (55.7) 99,450 (80.9)
Yes 690 (1.6) 5,317 (13.1) 17,548 (44.3) 23,555 (19.1)
Single-parent family <0.001
No 36,529 (85.0) 33,726 (83.4) 33,167 (83.8) 103,422 (84.1)
Yes 6,442 (15.0) 6,713 (16.6) 6,428 (16.2) 19,583 (15.9)
Paternal education <0.001
<12 years 27,067 (63.0) 32,423 (80.2) 32,026 (80.9) 91,516 (74.4)
>12 years 15,904 (37.0) 8,016 (19.8) 7,569 (19.1) 31,489 (25.6)
Maternal education <0.001
<12 years 27,485 (64.0) 33,467 (82.8) 33,356 (84.2) 94,308 (76.7)
>12 years 15,486 (36.0) 6,972 (17.2) 6,239 (15.8) 28,697 (23.3)
Current smoking <0.001
No 42,762 (99.5) 39,948 (98.8) 38,930 (98.3) 121,640 (98.9)
Yes 209 (0.5) 491 (1.2) 665 (1.7) 1,365 (1.1)
Current drinking <0.001

No 39,614 (92.2)
3,357 (7.8)

33,956 (84.0)

Yes 6,483 (16.0)

28,291 (71.5)
11,304 (28.5)

101,861 (82.8)
21,144 (17.2)

Abbreviation: SD=standard deviation; N=number.

children residing in areas with economic hardship are
more prone to develop adverse emotional states,
including hostility, interpersonal tension, depression,
anxiety, maladaptation, and psychological imbalances
9.

Past research indicates a correlation between health
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risk behaviors, social relationships, education, and
mental health in children and adolescents. Li et al. (10)
suggested that females are more prone to depression
than males, a claim supported by the findings of our
study. We observed that senior students exhibited
more depressive symptoms, potentially due to the
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TABLE 2. Multivariable Logistic regression analysis for symptoms of depressive, anxiety, and stress.

Depressive symptoms Stress symptoms Anxiety symptoms

Factor
OR 95% ClI P value OR 95% CI P value OR 95% ClI P value

Academic period

Primary school 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Middle school 1.69 (1.61,1.76)  <0.001 1.30 (1.23,1.37)  <0.001 1.42 (1.37,1.47)  <0.001

High school 1.98 (1.88,2.07) <0.001 1.08 (1.02, 1.15) 0.013 1.87 (1.80,1.94)  <0.001
Gender

Male 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Female 1.39 (1.35,1.44)  <0.001 1.51 (1.44,1.57) <0.001 1.40 (1.36,1.43) <0.001
Region

Urban 1.00 (Ref) . 1.00 (Ref)

Rural 1.00 (0.97, 1.04) 0.788 1.00 (0.98,1.03) 0.740
Resident students

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 1.01 (0.96, 1.05) 0.756 0.94 (0.88, 0.99) 0.027 0.99 (0.96, 1.03) 0.576
Single-parent family

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 1.12 (1.08,1.17)  <0.001 1.11 (1.05,1.17)  <0.001 1.11 (1.07,1.15)  <0.001
Paternal education

<12 years 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

>12 years 0.95 (0.90, 1.00) 0.056 1.01 (0.94, 1.07) 0.874 0.95 (0.91, 0.99) 0.009
Maternal education

<12 years 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

>12 years 0.95 (0.90, 1.00) 0.066 0.99 (0.92, 1.06) 0.695 0.95 (0.91, 0.99) 0.010
Current smoking

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 240 (2.14,2.68) <0.001 2.01 (1.76,2.28) <0.001 1.51 (1.35,1.69) <0.001
Current drinking

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 3.18 (3.06,3.30) <0.001 3.56 (3.40,3.73) <0.001 2.79 (2.71,2.89) <0.001

Abbreviation: Ref=reference; OR=0dds ratio; C/=confidence interval.
* Data missing here is due to the univariate logistic regression of anxiety symptoms showing that “region” is not statistically significant (P
value >0.05), so “region” was not incorporated into a multivariate logistic regression of anxiety symptoms.

stressors associated with more rigorous academic
demands and college preparations. Additionally,
participants from single-parent households recorded a
higher incidence of depressive symptoms. This may be
attributed to a communication gap between parents
and deficient psychological adjustment capabilities
(11).

Interestingly, current smoking was linked with a
two-fold increase in the likelihood of depressive
symptoms among adolescents, in line with Raffetti et
al’s findings (12). Moreover, self-identified alcohol
consumers in this study had a higher probability of
depression compared to non-drinkers. Certain scholars

Chinese Center for Disease Control and Prevention

argue that the correlation between depression and
unhealthy behaviors, such as smoking and excessive
drinking, may point to a coping mechanism rather
than a cause. They suggest that the increased incidence
of depression in smokers and drinkers may arise from
individuals using tobacco and alcohol to manage their
mental state (13).

Nicotine, present in tobacco, has a stimulant effect
on the brain and triggers the release of substances that
govern depressive pathways, anxiety, and stress
response. Although nicotine may temporarily alleviate
depression, stress, and anxiety, its long-term
consumption can lead to addiction, increased

CCDC Weekly / Vol. 5/ No. 32 713



China CDC Weekly

sensitivity, and a heightened depressive tendency.
Similarly, alcohol, a central nervous system depressant,
can affect neurotransmitter levels in the brain, leading
to mood alterations. However, the causality of the
observed associations cannot be definitively established
within the confines of this study due to the cross-
sectional design’s inherent limitations.

This study was subject to several limitations. First,
the outcomes cannot be universally applied since the
sample was limited to Jiangsu Province and may not
accurately represent the entire population. Second, as
this was a cross-sectional study, it is not feasible to
infer potential causal consequences. Lastly, given this
was an internet-based survey, participants’ accessibility
data was obtained through a sole self-reported
question, with no subsequent confirmation processes
incorporated into  this
questionnaire. need for additional
longitudinal studies to be carried out in the future.

or extensive resources

There is a

Childhood and adolescence represent critical stages
in an individual’s development, characterized by several
physical and emotional changes. These changes may
potentially disrupt functioning in the family, school,
society, and adaptive functioning. It is therefore
essential to identify primary indicators of depression
and develop effective prevention and intervention
measures. This approach is instrumental in promoting
the physical and mental well-being of adolescents (74).

Monitoring the mental health of children and
adolescents plays a critical role in understanding the
broader public health impact, increasing awareness
about mental health, and pinpointing potential
resource allocation needs (75). This study’s findings
can assist public health professionals, policymakers,
and educators in early recognition and intervention of
mental health issues. Specifically, these findings can
support targeting students who are upper-classmen,
female, current smokers, alcohol users, or those living
in single-parent families, leading potentially to
improved long-term health outcomes.
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Addressing Environmental Health Challenges for Sustainable
Development in China

Shilu Tong"**; Yuebin Lyu'; Jiao Wang'; Xiaoming Shi'

On May 5, 2023, the World Health Organization
(WHO) declared that the coronavirus disease 2019
(COVID-19) no longer posed a public health
emergency of international concern (7). As restrictions
associated with the epidemic are relaxed and a fresh
policy cycle commences, China’s economy is expected
to serve as a key driver of global economic post-
pandemic recovery.

For over four and a half decades, China has
witnessed rapid economic growth, positioning itself as
the world’s second-largest economy. Notably, from
2012 to 2022, the gross domestic product (GDP) of
China expanded more than twofold, from 53.9 trillion
Chinese yuan (CNY) [approximately 7.58 trillion
United States dollars (USD)] to 121.02 trillion CNY
(17.93 trillion USD). In the same period, the country
had an average annual GDP growth rate of 6.2%, one
of the highest globally (2).

Alongside this economic growth, China also
achieved  significant  strides in  environmental
conservation. Specifically, energy consumption per
unit of GDP reduced by 8.1%, and CO, emissions
decreased by 14.1%. Furthermore, from 2018 to 2022,
an improvement was observed in water quality in cities
at or above the prefectural level, with the percentage of
good-quality surface water bodies increasing from
67.9% to 87.9%. Air quality also improved, with the
average particulate matter 2.5 (PM;5) concentration
decreasing by 27.5% and severe air pollution days
declining by over 50% (2).

However, simultaneous industrial expansion and
rapid urbanization, coupled with an increase in energy
consumption and a burgeoning vehicular population,
has amplified environmental pollution issues. This
situation presents a significant challenge to both
socioeconomic development and public health in
China, reflecting environmental health challenges often
encountered by developing nations.

KEY ENVIRONMENTAL HEALTH
ISSUES IN CHINA

In 2022, China emerged as the world’s leading
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consumer of electricity, accounting for 31% of the
global demand (3). Projections for 2023-2025
anticipate an average annual growth of 5.2%,
suggesting that by 2025 China will consume one-third
of the world’s electricity. Despite the increased uptake
of renewable energy sources in recent decades, coal
remains a pivotal part of the Chinese electricity
landscape, contributing over 62% to power generation
in 2022. Furthermore, coal consumption surpassed 4
billion tons, representing more than half of the world’s
total coal use. Additionally, China’s aging population
is a burgeoning issue; the country’s seventh national
population census in 2021 indicated that the
proportion of people aged 65 or older reached 190
million (13.50% of the total population), reflecting a
4.63% increase since 2010. This exponential growth in
the aging population not only precipitates
demographic shifts, but it also significantly impacts
technological ~ changes (4).
Urbanization trends show a rapid expansion of urban
areas, with the number of cities increasing from 223 in
1980 to 687 in 2020. Now, 63.89% of the population
resides in urban areas. China’s urbanization process
continues to evolve as over 10 million individuals

socioeconomic and

transition from rural to urban areas annually (2).
Lastly, the number of on-road civilian vehicles in
China amplified more than threefold, growing from 93
million in 2011 to 319 million in 2022.

Despite the remarkable progress China has made in
its economic and social development due to the
implementation of reform and opening-up policies, the
tension between swift socioeconomic growth, the
availability of energy resources, and the ecological
environment is becoming increasingly apparent (5).
Multiple constraints are now impacting China’s
development, including pressures from ecological
protection, limited energy support, and global climate
change concerns, all of which are connected to its
modernization process. At present, China is the world’s
leading producer of CO, and other greenhouse gases,
aggravating worries about climate change and air

pollution (6).
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Even though significant strides have been made by
the government to curb environmental pollution and
conserve  ecosystems,  there  are  substantial
improvements that need to happen. For instance, in
2021, out of 339 cities at the prefectural level or
higher, 121 (35.7%) failed to meet the National
Guidelines for ambient air quality (7). Factoring in
dust storms, the number of non-compliant cities rises
to 146 (43.1%). The average land quality for farming
was rated at 4.76 on a scale from 1 (best) to 10 (worst),
with 31.24% of land falling into the higher quality
(categories 1-3), 46.81% in the middle (categories
4-6), and 21.95% in the low quality (categories 7-10).

In terms of groundwater resources (inclusive of both
the Yangtze and Yellow Rivers), among the 3,632
points monitored, 84.9% held Grades I-III water
quality (signifying relatively higher quality), while
Grades IV, V, and low V (indicating relatively lower
quality) accounted for 11.8%, 2.2%, and 1.2%
respectively. According to the Blue Book on Climate
Change in China 2022, the average land surface
temperature in 2021 rose 0.97 °C over the baseline
average, making it the highest since 1901 (8). This rise
in surface temperature in China, at a rate of 0.26 °C
per decade, exceeds the worldwide average rate of
increase, which sits at 0.15 °C per decade.

PUBLIC HEALTH IMPACTS OF
ENVIRONMENTAL POLLUTION
AND CLIMATE CHANGE

The deleterious effects of environmental pollution
and climate change on public health are increasingly
evident. For instance, it was determined that in 2019,
air pollution was implicated in roughly 1.85 million
fatalities in China, with approximately 1.42 million of
these attributable to particulate matter (9). The Lancet
Countdown’s 2022 report on health and climate
change regarding China revealed escalating health risks
stemming from climate change. This is illustrated by
the occurrence of record-breaking average national
temperatures and a rise in extreme weather events
across the country (10). In 2021, compared to the
average for 1986-2005, Chinese inhabitants faced on
average an additional 7.85 heatwave days, leading to an
increase of approximately 13,185 heatwave-related
deaths. There was a loss of about 33 billion heat-
related work hours, amounting to a 1.68% decrease in
GDP. From 2017 to 2021, as compared to the

2001-2005 average, elevated  temperatures
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concurrently led to an average increase in wildfire
exposure of 60.0%. A rising trend in dengue
transmission has been noted since 2000 when
compared to prior timeframes. Likewise, China’s swift
urbanization is yielding substantial impacts on both
the environment and public health. Preliminary data
indicates significant disparities among distinct urban
groups in the realm of cardiovascular disease
prevention and mortality risks (11).

CHINA IS TACKLING
ENVIRONMENTAL HEALTH
CHALLENGES SERIOUSLY

China grapples with significant challenges related to
pollution and population health
protection. As the largest upper-middle income
developing country, China’s swift economic growth
and industrialization complicate efforts to decrease
safeguard  ecosystems.
Undeniably, China, akin to other nations, carries an
ethical right to development. However, increased
energy consumption and industrial production
inevitably lead to elevated carbon emissions and
pollutant creation. The question of how to preserve the
environment throughout the modernization process is
of pivotal importance, with multiple lower- or upper-
middle income developing countries striving to find a
suitable Nevertheless, the  Chinese
government is actively implementing measures aimed
at  curtailing emissions,  managing
environmental pollution, and enhancing ecosystem

environmental

cartbon  emissions and

solution.
carbon

protection.

The State Council executive meeting, held in
December 2020, ratified a pollution control regulation
aimed at monitoring and controlling pollutant
discharge from enterprises and public institutions to
maintain a robust ecological environment (72). The
regulation, effective since March 2021, mandates that
all enterprises involved in pollutant discharge secure a
pollution  discharge permit, with unpermitted
discharges prohibited.

In October 2021, the Chinese Government
published a white paper, “Responding to Climate
Change: China’s Policies and Actions.” Recognized as
the world’s largest developing country and a significant
contributor to carbon emissions, China announced
ambitious goals of reaching peak carbon emissions
before 2030 and carbon neutrality prior to 2060 (13).
The government has prioritized climate change

Chinese Center for Disease Control and Prevention
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response and has consistently lowered the intensity of
its carbon emissions. It has put forth substantial efforts
to fulfill its Nationally Determined Contributions
(NDCs) and has maximally sought to mitigate climate
change. China has embraced green, low-carbon
strategies in its economic and social development
agenda, striving towards the harmonious coexistence of
humans and nature. With China’s pursuit of carbon
neutrality, aerosol reductions stemming from clean air
actions and pollution control policies could potentially
have a substantial impact on the climate (14-18).

In January 2023, China released another white
paper, titled “China’s Green Development in the New
Era” (Table 1). China has firmly endorsed the concept
of a global community with a shared future,
demonstrating steadfast support for multilateralism. It
has proposed both the Global Development Initiative
and the Global Security Initiative, widened practical
cooperation,  and engaged in  global
environmental and climate governance (19).

China has aggressively addressed pressing pollution
issues with ambitious objectives. For instance, in 2021
the mean concentration of PM, 5 in cities at or above
the prefectural level registered at 30 pg/m3, a year-
over-year reduction of 9.1% (7). Further, the
percentage of surface water at or above Grade III rose
by 1.5% year-over-year, reaching 84.9%. The emission
of CO, per unit of GDP is projected to decrease by
18% from 2020 to 2025, illustrating China’s

actively

acceleration towards a low-carbon energy consumption
transition. The share of renewable energy consumption
is expected to increase to approximately 20% by 2025.
Despite  these China still  faces
significant challenges in reaching peak carbon dioxide
emissions before 2030 and achieving carbon neutrality

advancements,

prior to 2060. Numerous plans, laws, regulations, and
policies have been put into action, demonstrating
China’s unwavering commitment to its “dual carbon
goals” — carbon peak before 2030 and carbon
neutrality before 2060 — and to advancing towards a
greener and healthier nation (Figure 1). China also
plans to enact its green transition agenda, increasing its
role in bilateral and multilateral green development
initiatives, advocating for a fair and equitable global
environment governance system, and contributing its
unique perspective and efforts to global economic
growth (79). These

significantly to global sustainability development and

endeavors will contribute
may inspire other developing nations with rapid
industrialization to follow suit.

SUMMARY AND OUTLOOK

The significance of environmental protection within
the context of modernization is a pertinent concern for
numerous nations,

especially those undergoing

transitional stages. Notably, the Chinese government

TABLE 1. Summary of key regulations implemented in China promoting high-quality and green development over the past

decade.
Time Document title Content
The Revised Environmental Protection Law (Order Sc))g(r)(:tsgrt];r;?cigggz;loeptmh:netnvironment in the course of
April 24, 2014 of the President of the People’s Republic of China )

No. 9)

Battle for Protecting Blue Sky Three-Year Action

June 27, 2018 Plan (Order of the President of the People’s

Republic of China No. 22)

The Yangtze River Protection Law (Order of the
December 26, 2020 President of the People’s Republic of China No.

65)

The White Paper on Responding to Climate

SeleeRge e Change: China’s Policies and Actions

January 19, 2023 In the New Era

The White Paper on China’s Green Development

(ii) Expand the number of items from 47 to 70.

(iii) Put into practice on January 1, 2015.

(i) The focus should be on controlling air pollution, especially in
regions experiencing severe pollution.

(i) Substantially reduce emissions of air pollutants and
greenhouse gases within three years.

(iii) In comparison to the levels of 2015, there was a decrease in
the levels of SO, and NOx by 15%, and PM, 5 by 18% in 2020.

(i) Enhance ecological and environmental protection and
restoration efforts in the Yangtze River basin.

(i) Facilitate the rational and effective use of resources.

(iii) Safeguard ecological security and ensure harmony between
humans and nature.

(i) China has elevated the response to climate change to a higher
level of priority within state governance.

(i) The goal is to reach peak CO, emissions prior to 2030, with an
aim to attain carbon neutrality by 2060.

(iii) China is taking pragmatic actions towards these goals.

(i) Promote harmonious coexistence between humans and nature.
(i) Optimize social and economic benefits with minimum resource
costs and environmental impacts.

(iii) Enhance sustainable and high-quality development.

Chinese Center for Disease Control and Prevention

CCDC Weekly / Vol. 5/ No. 32 717



China CDC Weekly

Carbon peaking before 2030 Carbon neutrality before 2060

Sustainable development

FIGURE 1. Conceptual diagram illustrating green development and “dual carbon” goals.

has implemented proactive strategies aimed at reducing
carbon emissions, managing environmental pollution,
and augmenting ecosystem protection. Recent
enhancements to this positioning include the
establishment of various plans, laws, regulations, and
policies, indicating China’s resolve to enhance its
environmental condition and bolster population
health. Given the successful implementation of these
measures, China’s envisioned image as a green, healthy,
and sustainable country is likely to make substantial
contributions to global socioeconomic development.
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Enhancing Public Health Competencies via Action on Salt China
— China, 2017-2022

Puhong Zhang'*

The Action on Salt China (ASC) project is a
noteworthy collaborative venture between China and
UK, with the China CDC serving as a key partner.
The objective of this report is to present a case study
that demonstrates the significant role of ASC in
bolstering the capacity of public health services in
China. Furthermore, this study aims to offer valuable
references and provoke thoughtful insight for potential
international collaborations in the future.

Obstacles Encountered in the Execution
of Salt Reduction Strategies

In China, the consumption of salt significantly
exceeds the World Health Organization’s (WHO)
recommended limits, with intake levels twice as high.
Prevailing evidence has underscored salt reduction as
one of the most economical and practical preventative
measures to stave off hypertension and cardiovascular
diseases. In recent decades, certain nations such as the
UK have successfully created and instituted nationwide
salt reduction programs. In China, where consumers
add approximately 80% of the salt during meal
preparation, considerable strides have been made
towards crafting salt reduction strategies and
interventions under the umbrella of Healthy China
2030 Actions. However, several obstacles obstruct the
comprehensive application of these strategies. One
notable hurdle is the inadequate capability of the
public health workforce to craft, enforce, and assess
intricate interventions aimed at promoting salt
reduction across varied settings. This includes a
deficiency in necessary competencies and expertise to
devise scalable and practical salt-reduction intervention
initiatives based on need analysis. Furthermore, there’s
a crucial necessity for the capacity to effectively execute
the package, bolstered by ongoing process evaluations,
as well as assessments of effectiveness and health
economics. As such, offering continuous education and
training for public health workers is critical for them to
effectively perform their roles in preventing and
controlling noncommunicable diseases.
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Opportunities Provided by ASC

ASC is a global health research wunit jointly
spearheaded by Professor Graham MacGregor and
Feng J He of Queen Mary University of London
(QMUL) and Professor Puhong Zhang of The George
Institute for Global Health, China (T'GI China) (7).
Being funded by the National Institute for Health and
Care Research (NIHR) in the UK, ASC has aimed at
addressing the public health challenge of excessive salt
consumption through a spectrum of capacity building
initiatives since its inception in 2017.

ASC was overseen by a senior Steering Committee,
presided over by Professor Longde Wang, a member of
the Chinese Academy of Engineering and the former
Vice Minister of Health. In addition to the principal
research institutes of TGI China and QMUL, ASC
collaborates with partners such as the China CDC, the
Chinese Center for Health Education, the China
National Center for Food Safety Risk Assessment, and
Beihang University. Further support is provided by
regional collaborators in the provinces of Hebei,
Heilongjiang, Jiangxi, Hunan, Sichuan, and Qinghai,
as well as local partners located in 33 study sites at
county and district levels.

ASC  convened a
researchers with substantial expertise in various public
health fields including salt reduction, trial design,
community engagement, intervention development,

multidisciplinary ~team  of

mobile health, project management, data management
and analysis, process evaluation, health economic
evaluation, and implementation science. Equally
important fields covered by the team include health
education, communication, policy advocacy, and
financial management. These specializations are crucial
in building the competencies and skillset required for
the successful implementation of effective salt
reduction interventions.

Efforts to mitigate copious salt consumption in
China, which primarily originates from home/
pre-packaged  food,
incorporated six distinct strategies within the ASC (2).

restaurants cooking and
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These strategies encompassed four cluster randomized
controlled  trials (RCTs): an  application-based
intervention study directed at schoolchildren and their
families (AIS) (3); a home cook-centric intervention
study (HIS) (4); a restaurant-based intervention study
(RIS) (5-6), and a comprehensive intervention study
(CIS) (7). Two national health campaigns were also
included: an educational campaign raising awareness
about salt consumption (8) and a campaign
encouraging salt reduction in processed foods,
buttressed by research on food sodium content to aid
target setting and nutrition labeling (9-10). A
comprehensive salt reduction intervention package,
successfully proven by the aforementioned RCTs, was
notably amplified across all six provinces in
2020-2021.

The Endeavors of ASC in the Realm of
Capacity Building

The development of capacity remains a fundamental
element of the ASC program, dating back to its RCT
phase from 2018 to 2019, and continuing through to
its expansion phase from 2020 to 2021. A few notable
outcomes of the ASC’s capacity-building initiatives are
outlined as follows:

The four RCTs conducted encompassed numerous
stages including trial design, intervention development,
implementation, monitoring, and evaluation. As part
of this process, extensive professional training was
carried out for public health workers stationed at local
CDCs. These trainings, which primarily benefited the
CDC staff located at the 33 study sites across six
provinces, encompassed a comprehensive range of
topics. This included salt reduction knowledge and
practical skills, nuances of RCT implementation and
evaluation, project management essentials, and quality
control methods among other topics. The public
health workforce also received training in the use of
mHealth-based intervention and evaluation tools,
equipping them to carry out the RCTs effectively.

A comprehensive intervention package, designed as a
principal educational tool for professional trainings,
has been developed. This intervention package includes
an all-encompassing array of health education materials
such as technical manuals, visual aids, digital and
conventional training courses, as well as app-based
intervention and evaluation instruments. This package
has been incorporated into the national resource
repositories of the China CDC and CCHE, and is
utilized as instructional material for public health
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professionals nationwide (117).

Training sessions on measuring dietary salt intake,
utilizing the high-accuracy method of 24-hour urinary
sodium excretion, have been implemented in field
research. The three RCTs namely AIS, HIS, and CIS,
have amassed 24-hour urine samples from a total of
6,030 participants (/2). This cohort included 5,436
adults and 594 schoolchildren, consequently making
them the most substantial RCTs in China to employ
24-hour urinary sodium in assessing the efficacy of salt
reduction  interventions.  Furthermore,  training
concerning process evaluation has been executed in
these four RCTs.

In the scale-up phase, an ASC Scale-up platform was
established to facilitate public  health
operations. This platform includes features such as an
activity planning and design module, an extensive
repository of educational materials, an activity
recording module, an impact evaluation system, and a
performance-based These
capabilities were leveraged across six provinces. By the
end of 2021, over 1,000 salt reduction initiatives were
executed, with 350 of these activities gaining
recognition for their excellence across these provinces
(13).

In the broader context of capacity enhancement,
numerous engagement initiatives have taken place with
multi-sectoral government leaders and policymakers,
particularly within the education and health sectors, to
facilitate the implementation of salt reduction
interventions across various sectors at a policy level.
These
disseminating research findings and advocating for the
integration of salt reduction policies into the
operations of non-health sectors.

Training workshops have been conducted targeting a
variety of stakeholders, including schoolteachers,
restaurant chefs, community workers, and members of
the media. These individuals play an instrumental role
in assisting public health professionals in the
implementation of salt reduction interventions in key
environments such as schools and restaurants. For
instance, within the context of the AIS, training was
initially provided to schoolteachers regarding the
delivery of interventions, followed up by educational
courses for students and salt reduction activities
engaging entire families. Likewise, in the RIS,
restaurant personnel, such as waiters and chefs,
received training on salt reduction knowledge and
techniques (13).

Partners of ASC have collaboratively developed a

routine

incentives  module.

initiatives have been instrumental in
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cloud-based information system. A variety of WeChat
applications,  including  AppSal,  KnowSalt,
FoodSwitch, and the Salt and Health WeChat official
account, as well as a mobile phone-based data
collection system, have been integrated into this
system. These digital resources facilitate capacity
building activities, health education, intervention
implementation, and project management.

Research training opportunities have been given to
public health investigators and researchers in order to
enhance their capacities in areas such as data
management, analysis, process evaluation,
implementation  science, and health economic
evaluation. Throughout the project timeline, research
conducted by ASC has facilitated the academic
completion of two doctoral and four master’s students.

A series of training activities in financial and project
management have been implemented for local CDC
staff to enhance their competencies. The focus of these
activities includes project planning, budget control,
due diligence checks, among other related subjects.

Capacity Strengthening Achievements

The public health workforce associated with ASC
program  has  experienced  significant  benefits,
underscored by several exceptional achievements in
capacity strengthening, as detailed below:

The competencies and skills necessary for the
creation, implementation, and evaluation of
population-based salt reduction interventions have seen
significant  improvements. The CDC staff who
participated in this study have acquired in-depth
knowledge and practical experience in conducting
RCTs and overseeing salt reduction interventions
across a variety of environments. Furthermore,
collaboration and communication skills with members
from non-health sectors, such as educators, have been
enhanced to effectively facilitate public health
interventions.

The public health workforce has enhanced its
abilities regarding the of mHealth
innovations, which bolster the implementation of salt
reduction interventions. A noteworthy illustration of
this is the employment of the AppSalt platform in
healthcare education; it has been deemed effective,
feasible, and innovative in ensuring a sustainable
decrease in salt consumption among both children and
adules (3). This application served as the foundation
for the EduSaltS project — a salt reduction scaling-up
program initiated in over 300 schools in China (74).

The research capabilities within the realm of public

utilization
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health have seen substantial enhancements. Researchers
and investigators from ASC have successfully published
more than 60 scholarly articles in high-impact journals
including two BM] articles for the main results of AIS
and HIS (3). These publications’ critical findings hold
substantial implications for policies, procedures, and
further research both in China and globally.

Community engagement, advocacy, and social
mobilization  capacities have been considerably
enhanced. For example, the World Hypertension
League organized children’s art competitions in which
numerous schoolchildren participated to
commemorate World Hypertension Day from 2020 to
2022. Throughout the duration of the project,
consumer awareness campaigns were carried out,
encompassing annual events such as World Salt
Awareness Weeks and China’s Salt Awareness Weeks,
among other significant campaign days (13).

The capacity for evidence-based policymaking has
been significantly enhanced. The ASC program has
effectively prepared public health professionals with
evidence, enabling them to advocate and lobby for
improvements in policies concerning salt reduction. In
2023, the Chinese Journal of Preventative Medicine
published a crucial policy document titled “Deepening
the Action on Salt China — CHRPS Strategies” (15).
Another influential paper, proposing maximum
sodium targets for pre-packaged foods in China was
published in the Bulletin of the World Health
Organization (16). Furthermore, ASC has been
instrumental in advocating for revisions to the
nutritional labeling standards for pre-packaged and
restaurant foods.

Global Health Impact

The findings of ASC have received extensive
international dissemination, notably through platforms
including WASSH. The school-based salt reduction
model proposed by ASC has been acknowledged as a
best practice by the Global Alliance for Chronic
Diseases (GACD). This recognition culminated in
2021 with a feature within a series of short films
produced by BBC Story Works.

Sustainability
The accomplishments and broad network of ASC
have catalyzed the inception of several novel research
initiatives, including projects like “School-based

Education Program to Reduce Salt: Scaling-Up in
China  (EduSaltS)” (74), and “Comprehensive
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Workplace Intervention for Cancer Prevention in
China (WECAN)” (17). Looking ahead, ASC is
committed to sustaining its influence and continuing
to contribute significantly towards the achievement of
the United Nations’ Sustainable Development Goals.

Limitations

ASC initiative is presently conducted only in
selected regions across six provinces in China. While its
technical guidance, training materials, salt reduction
instruments, expansion platform, and publications may
reach a broader spectrum of staff and areas within
China, its current impact remains quite constrained.
Consequently, additional efforts should be exerted to
amplify its influence within the realm of public health.

doi: 10.46234/ccdcw2023.137
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