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Introduction: Personal lifestyle and air pollution are potential risk factors for major non-communicable diseases (NCDs). However, these risk factors have experienced dramatic changes in the Beijing–Tianjin–Hebei (BTH) region in recent years, and few cohorts have focused on identifying risk factors for major NCDs in this specific region. The current study is a large, prospective, long-term, population-based cohort study that investigated environmental and genetic determinants of NCDs in BTH areas. The results of this study may provide scientific support for efforts to develop health recommendations for personalized prevention.

Methods: About 36,000 participants 18 years or older would be obtained by multistage, stratified cluster sampling from five cities for the baseline assessment. Participants underwent seven examinations primarily targeting respiratory and circulatory system function and filled out questionnaires regarding lifestyle behavior, pollutant exposure, medical and family history, medication history, and psychological factors. Biochemistry indicators and inflammation markers were tested, and a biobank was established. Participants will be followed up every 2 years. Genetic determinants of NCDs will be demonstrated by using multiomics, and risk prediction models will be constructed using machine learning methods based on a multitude of environmental exposure, examination data, biomarkers, and psychosocial and behavioral assessments. Significant spatial and temporal differentiation is well-suited to demonstrating the health determinants of NCDs in the BTH region, which may facilitate public health strategies with respect to disease prevention and survivorship-related aspects.
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INTRODUCTION

It is well-known that large cohort studies play essential roles in gaining knowledge about diseases and reducing their associated burden (1). Stroke, ischemic heart disease, and traffic injury are the top three leading causes of years of life lost (YLLs) in China (2). The risk factors contributing to the loss of disability-adjusted life-years include inappropriate dietary habits such as high sodium consumption (15.9%), hypertension (13.3%), tobacco use (12.5%), and air pollution (9.3%) (3). The area around the capital of China, called the Beijing–Tianjin–Hebei (BTH) region, is the political, economic, and cultural center of China. In the BTH area, ischemic heart disease is the leading cause of YLLs, and inappropriate dietary habits result in high sodium consumption. In 2016, the “Healthy China 2030 Plan” was launched by the State Council. According to this plan, health-related risk factors for non-communicable diseases (NCDs) will be under effective control by 2030, including an increase in the proportion of individuals taking physical exercise and a reduction in the per-capita daily salt intake by 20% (4). As residents in the BTH area may experience a significant change in lifestyle risk factors in the next few decades, a cohort study is necessary to explore the effect of health determinant changes on NCDs and to demonstrate the effect of changes due to health-related strategies.

Air pollution is an important trigger of myocardial infarction (MI), and the population attributable fraction of fine particle matter is ~5% (5). Recent systematic reviews and meta-analyses have demonstrated the harmful effect of short-term ambient particle matter and gaseous pollutants [NO2, carbon monoxide (CO), CO2] on MI (6), stroke (7), and arrhythmia (8), but the evidence is less consistent for ozone (O3). Several studies in Western countries have evaluated the adverse health effects of long-term PM2.5 exposure and have demonstrated that long-term exposure to even low PM2.5 concentrations (PM2.5 ranging from 6.3 to 13 μg/m3) could promote cardiovascular events and increase cardiovascular mortality (9–11). In China, long-term exposure to air pollution has been shown to be associated with a higher prevalence of cardiometabolic risk factors, especially hyperbetalipoproteinemia (12). Another study from China demonstrated that long-term exposure to PM2.5 was independently associated with incident hypertension at relatively high ambient concentrations (13). Although various studies have demonstrated the adverse health effects of ambient air pollutants, some of them did not take potential indoor air pollution into consideration, which may lead to overestimation of the effect size. A study in Beijing showed a dose–response relationship between short-term PM2.5 exposure (PM2.5 ranged from 3.9 to 494 μg/m3) and ischemic heart disease (IHD) morbidity and mortality that was supralinear (14). However, evidence on the dose–response relationship between long-term exposure to air pollution and health effects is still limited. The full dose–response curve needs to be better elucidated because of its huge impact on global public health. In the current cohort study, regions with different concentrations of air pollution exposure were selected as survey sites, which can provide evidence about the dose–response relationship between long-term pollution exposure and NCDs.

Fine particulate matter (PM2.5) exposure contributes to high mortality in Beijing (15). The overall concentration of pollutants from northwest to southeast is gradually increased in the BTH region. In the BTH region, some cities, such as Baoding and Shijiazhuang, have extremely high concentrations of PM2.5 (16), whereas some cities, such as Chengde, have good natural environments and air quality. This geographical distribution of pollutants will generate natural exposure groups, which can be used to explore the role of pollutants in NCD pathology. To address heavy pollution in China, the Air Pollution Prevention and Control Action Plan was issued in 2013 by the State Council of China. With the implementation of the Action Plan, the emissions of sulfur dioxide (SO2), nitrogen oxide (NOX), and PM2.5 decreased by >30% in 2017 compared with the emissions in 2012 in the BTH region (17, 18). Thus, the severity of air pollution varies not only among regions but also over time. Because of the significant spatial and temporal differentiation of pollutant distribution, studying a cohort in the BTH region will play an essential role in demonstrating the effect of pollutants on the etiology of chronic disease.

Cohorts based on natural communities will improve the understanding of a wide range of risk factors for NCDs. The prospective China Kadoorie Biobank (CKB) is the largest cohort in China. Previous studies have demonstrated many lifestyle, environmental, and genetic risk factors for chronic diseases in the Chinese population (19–22). However, the determinants of disease consist of genetic, epigenetic, environmental, and lifestyle risk factors that interact with one another and operate within the larger physical-sociocultural environment. Thus, it is unrealistic to find a common effective solution for disease prevention. The BTH region is not included in the CKB cohort. However, as the BTH region has a unique socioeconomic status (SES) and political function, it is important to find health determinants of NCDs in this specific region.

In recent years, many policies have been introduced and implemented in the BTH region that affect lifestyle, SES, and air pollution. In 2017, the Xiong'an New Area was established in Hebei Province to evacuate some industries from Beijing, such as the high-energy consumption industries and enterprises with less innovation and technology. The Xiong'an New Area mainly includes three counties in Hebei Province, which previously were mostly agricultural areas (23). The municipal government of Beijing, some tertiary hospitals, universities, large wholesale markets, and factories are moving from the urban area of Beijing to its suburbs to reduce traffic congestion and the severity of air pollution. These strategic changes in the BTH region will have a tremendous impact on the SES of residents and will gradually improve the air quality. Therefore, establishing a community-based cohort in the BTH region will be especially effective in exploring the impact of SES and air pollution on common chronic diseases.



METHODS AND ANALYSIS


Objectives

• To monitor the epidemic trends of major NCDs.

• To demonstrate the etiology and pathogenesis of major chronic diseases with consideration of environmental, lifestyle behavior, genetic, and psychological factors.

• To screen biomarkers of air pollution–related cardiopulmonary diseases and construct disease risk prediction models.



Outcomes of Interest

• Number of deaths and cause of death.

• Incident of major NCDs, such as hypertension (ICD-10: I10-I15), diabetes (ICD-10: E10-E14), ischemic heart disease (ICD-10: I20-I25), cerebrovascular disease (ICD-10: I60-I69), chronic obstructive pulmonary disease (ICD-10: J44), and cancer (ICD-10: C00-C97).

• Intermediate phenotypes or key risk factors for NCDs, including anthropometric factors and physiological, lifestyle, and environmental factors.



Study Design and Settings

The CoHort study on CHronic disease of Community Natural population in Beijing–Tianjin–Hebei region (CHCN-BTH) is a population-based prospective cohort study, which has been registered with the Chinese Clinical Trial Registry (ChiCTR1900024725).

The sample size was estimated using the Cox regression module in PASS-NCSS 11.0 software. The parameters are as follows: statistical power is 80%, significance level is 0.05, and the lowest event rate is 50 per 100,000 (cardiovascular morbidity is ~650 per 100,000, and mortality is ~250 per 100,000; lung cancer morbidity is ~70 per 100,000, and mortality is 50 per 100,000). The log hazard ratio (HR) of PM2.5 per 10 μg/m3 is ~0.25 (HR = 1.28), the standard deviation of PM2.5 (per 10 μg/m3) is 1.4, and the R2 of PM2.5 with other covariates was set to 0.2. The lowest sample size was 32,037 according to the calculation of PASS software. Thus, the cohort was designed to recruit 36,000 individuals living in Beijing, Tianjin, and Hebei provinces by expecting a 10% loss to follow-up. The survey sites are shown in Figure 1. The CTCH-BTH cohort will include 30,000 community-lived individuals and 6,000 participants who undergo routine physical examinations. Most of the participants in the baseline survey were of the Chinese Han population, and ~10% of the participants were of Manchu ethnicity.


[image: Figure 1]
FIGURE 1. Sampling set of CHCN-BTH.




Sampling Methods

The cohort study was established with a multistage, stratified cluster sampling method. The cities are first selected according to geographical region, SES, and medical service quality. In the first stage, three cities were chosen as survey sites located in the southern, central, and northern parts of Hebei Province. Beijing and Tianjin are also designated survey sites. Among the above survey sites, the severity of air pollution and economic status are significantly different from each other, which can reflect the state of the natural population in Hebei Province. In the second stage, we selected districts from urban cities and counties from rural areas. In the next stage, communities were selected from districts in urban areas, while townships were selected from counties in rural areas. The new district called Xiong'an, which previously contained three rural counties, has now integrated into one urban city. In the final stage, residents in the selected area will be invited to participate in the study considering the demographic structure of the sixth national census. These procedures can ensure the representation of the sampling. Finally, the selected survey sites included 41 communities, 36 townships, and 7 functional units in five cities. Details of the sampling are shown in Figure 2.
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FIGURE 2. Sampling flowchart of CHCN-BTH.




Ethical Consideration

This study was approved by the ethics committee of the Center of Disease Control (IRB2017-003, CYCDPCIRB-20170830-1) and Capital Medical University (2018SY81). Written informed consent was obtained from all participants prior to the baseline survey.



Participants and Selection Criteria

To establish a community-based cohort study in the BTH area, participants will be eligible for the study if they meet the following inclusion criteria: (1) ≥18 years old; (2) living in the local area for more than 3 years; (3) can complete the investigation independently or with the help of investigators; and (4) signed informed consent. Participants were excluded from the study if they met any of the following exclusion criteria: (1) pregnant women; (2) patients with major physical or mental disabilities that might invalidate informed consent or the interview outcomes according to clinical judgment; and (3) unable to complete the baseline survey even with the help of investigators. All of the participants meeting the above criteria will undergo a physical examination after fasting for 8 h and be recruited for the CHCN-BTH study.



Measurements

Participants were required to undergo fasting blood sampling, blood pressure (BP) and body composition measurements first. All of these tests were conducted after fasting for at least 8 h. Then, the participants will undergo measurements of bone mineral density and electrocardiography (ECG) and have a face-to-face interview to complete the questionnaire. In addition to the information about the disease history in the questionnaire, lung function measurements were performed in participants except for those meeting the following exclusion criteria: (1) underwent chest, abdomen, or eye surgery in the last 3 months; (2) had a heart attack (angina pectoris, MI, or severe arrhythmia) in the last 3 months; (3) systolic BP (SBP) ≥140 mmHg or diastolic BP (DBP) ≥90 mmHg on the day of the survey; (4) history of tuberculosis, disinsertion, tumor, schizophrenia, or cognitive disorder; or (5) pregnant or lactating women. Table 1 provides an overview of all study assessments. A flowchart of the field survey is shown in Figure 3.


Table 1. Study timeline and assessment of the CHCN-BTH.
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FIGURE 3. Flowchart of the baseline survey in CHCN-BTH.


Suitable places for the field survey were selected after consideration of the space needed for the survey instruments and the waiting space needed for the survey subjects. For example, we selected community healthcare centers or temporarily requisitioned schools near community healthcare centers as survey places. Face-to-face interviews will be performed using a uniform questionnaire. To ensure the accuracy of the questionnaire information, all questionnaires will be verified by the inspectors. The questionnaire includes five sections: sociodemographic characteristics, familial and personal medical history, lifestyle behaviors (including drinking, smoking, physical exercise), pollutant exposure (passive smoking condition and air pollution exposure condition), and psychological conditions. Current smoking was defined as smoking at least one cigarette per day in the last 6 months. Former smoking was defined as smoking less than one cigarette per day for at least 6 months. Alcohol drinking was defined as accumulatively drinking wine/liqueur more than 250 g/year or drinking beer more than 5 L/year (24). Physical exercise was defined as participating in moderate or vigorous activity for at least 30 min each time and at least once per week. Information on psychological conditions was collected using the Depression, Anxiety and Stress Scale-21 (25, 26). The scale includes three subscales, and each subscale contains seven items. The details of the questionnaire are shown in Table 2.


Table 2. Sections and topics of the questionnaire.

[image: Table 2]

Subjects will be asked to bring the packaging of their most recent medications, as well as any medical records from secondary or tertiary hospitals, before they participate in the baseline survey. When conducting the face-to-face questionnaires, investigators with medical backgrounds will check the participants' medical records and their medicine packages, and then they will record the participants' disease history and medication history according to their findings. For self-reported incident diseases during the follow-up, the staff of the community health service center will collect the patient's medical information, including hospital, hospital admission time, the results of medical examinations, and diagnoses. The Clinical Event Committee (CEC) comprised three to five physicians working in tertiary hospitals with relevant specialties (hypertension, diabetes, cardiovascular disease, chronic obstructive pulmonary disease, and cancer). CEC members will ascertain the outcome events according to the medical records provided by the participants or collected by community healthcare workers.

Indoor pollutant exposures will also be obtained from face-to-face interviews, including asking about passive smoking, cooking fuel, cooking habits, and winter heating fuel. Ambient air pollutants are generally estimated by the following procedure: (1) annual concentrations of particles with aerodynamic diameters of no >2.5 μm (PM2.5) will be estimated with a machine learning method at a resolution of 0.1° × 0.1° using high-dimensional expansion of numerous predictors (including ground-monitored PM2.5 data, satellite-derived aerosol optical depth and other satellite covariates, meteorological variables, and chemical transport model simulations). (2) Concentrations of particles with aerodynamic diameters of no >10 μm (PM10), nitrogen dioxide (NO2), SO2, CO, and O3 will be collected using air monitoring stations. In each of the study districts, there will be more than one air monitoring station. Continuous hourly concentrations will be gathered. The daily average concentrations of PM2.5, PM10, SO2, NO2, and CO at each station will be used only if >20 of the 24-hourly measurements are available. For O3, at least six hourly concentrations of O3 per day will be needed to calculate the 8-h average concentration of O3. The air pollutant concentration measurements are valid and are conducted in accordance with the China Ambient Air Quality Standards (GB 3095-2012). Information on outdoor activity, window opening frequency, and protective measurements during smog are also included in the questionnaire to evaluate the effect of ambient air pollutants more accurately.

Physical examinations will include assessments of BP, heart rate, grip strength, oxygen saturation, body composition, bone mineral density, ECG, and lung function. BP will be measured with a digital sphygmomanometer (OMRON HEM-907, Japan) after resting in a seated position for at least 10 min. Measurements will be recorded three times with 1-min intervals, and the mean SBP and DBP will be recorded. Body composition will be measured in the upright position after fasting and urinating with their arms naturally hanging by using a body composition analyzer (TANITA BC-420, Japan). Resting ECG will be performed in the supine position after sitting quietly for 5 min. A standard 12-lead ECG will be acquired digitally using a Mortara ECG machine (Mortara Eli 250c, Milwaukee, WI, USA) at a calibration of 10 mm/mV and a speed of 25 mm/s. Bone mineral density will be measured in a seated position using an Osteospace Pegasus ultrasound bone densitometer (MEDILINK, France). Bone mineral density measurements will be conducted on the participant's bare right ankle and foot by using a Pegasus device (MEDILINK, France). Lung function measurement (spirometry) will be conducted using a portable spirometer (CareFusion MasterScreen Pneumo, Germany) according to the guidelines issued by the American Thoracic Society (27). All physical examinations will be carried out by trained staff based on a standard manual, and all of the measurement equipment will be regularly calibrated. Details of the physical examination measurements are shown in Table 3.


Table 3. Physical examination measurements and laboratory test.
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Fasting blood samples will be collected into a 2% EDTA Vacutainer and a coagulation-promoting Vacutainer. After centrifugation and aliquoting, four cryovials (including two plasma and two blood cell samples) will be filled from the 2% EDTA Vacutainer, and the serum samples from the coagulation-promoting Vacutainer will be separated into two cryovials. All of the above samples will be kept in an insulated box with ice packs to maintain their temperature at 0–4°C and transported to the local Center of Disease Control within 4 h. After being stored at −20°C in the local CDC for a few days, the serum samples will be transported on dry ice to Beijing Hepingli Hospital to test for serum markers. Serum markers will be tested using a Beckman Coulter chemistry analyzer AU5800 in the clinical laboratory of Beijing Hepingli Hospital. By the end of the serum testing, 36,000 sample aliquots will be stored in two geographically separate −80°C archives: 6,500 sample in Chinese Academy of Medical Sciences, and 29,500 sample in Capital Medical University. In each storage site, four cryovials (including two plasma and two blood cell samples) for each participant will be stored in two separate −80°C fridges (28).



Follow-Up

Community-based participants will be followed up every 2 years. All of the participants will be followed up by telephone-based interviews. Several methods will be used to achieve the goal that the overall follow-up rate should be more than 90%. Ways to guarantee a high follow-up rate are as follows: (1) For each participant, we will conduct telephone interviews on both workdays and weekends to ensure they can answer the telephone at least once. (2) For participants who cannot be contacted by telephone, a household survey will be conducted according to their baseline home address. (3) For participants who could not be contacted by telephone or household surveys, medical records in community healthcare centers will be acquired to confirm their health status and to collect information on BP, weight, and fasting blood glucose. (4) Death surveillance is generally based on the Disease Surveillance Point (DSP) system. For places not covered by DSPs, community healthcare centers will help to collect medical certificates of death. Photos of death certificates will be named “ID+name of participants” and collected by the research group. (5) Subjects will be deemed lost to follow-up if they cannot be contacted by telephone or household survey, and their medical or death records are not accessible. Information on home address changes, self-reported disease status, and its potential determinants will be collected in the follow-up survey through telephone interviews or household surveys. The expected proportion of participants lost to follow-up is <10%. We will recruit new participants in their community to replace the lost participants, matching by age and sex.

Among the participants interviewed by telephone in the follow-up survey, we will randomly select 1% to conduct the survey again at each survey site. If the proportion of inconsistent information from the above two surveys is >10%, all of the participants at that survey site will be resurveyed. For all the community-based participants, BP, disease status, and serum markers (fasting glucose, total cholesterol, triglyceride, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol) will be accessed through medical records in community hospitals during follow-up survey. The minimum proportion of repeated measurements among community participants will be 20% at each follow-up. All participants will be examined after five rounds of follow-up surveys. For participants who undergo employee physical examinations, serum markers and physical examination exactly the same as baseline will be examined every 2 years. The follow-up procedure is shown in Figure 4.


[image: Figure 4]
FIGURE 4. Follow-up flow diagram in CHCN-BTH.




Statistical Plan

All potential risk factors and outcomes will be described at baseline and at each follow-up. Normally distributed continuous variables will be summarized by the mean and standard deviation, and skewed distributed continuous variables will be described by the median and interquartile range. To compare possible differences between two groups, an independent-samples t-test will be used for qualitative variables with a normal or skewed distribution, and the χ2-test will be used for categorical variables. The χ2-test will be used for categorical variables in the description of the profiles of the responders and non-responders. When comparing differences among more than two groups, the Kruskal–Wallis test will be used for continuous variables, and one-way analysis of variance will be used for quantitative variables. Trajectory analysis will be used to explore the effect of risk factor changes on NCDs.

Generalized additive mixed models will be used to examine the associations of long-term air pollutant exposures with physiological indicators and the prevalence of NCDs. The exposure assessment during the follow-up period will use a time-spatial continuous prediction model. Time-dependent Cox proportional hazards models will be used to analyze the associations of air pollutant exposures with the incidence of NCDs. A penalized cubic regression spline of air pollutants will be included in the models to explore the non-linear exposure–response relationships.

To screen for biomarkers and genetic markers of NCDs, lasso regressions will be used first, and then mixed models will be used to demonstrate their effect size in the longitudinal data. Logistic regressions and generalized linear models will also be used to confirm the effect of potential risk factors on NCDs. To demonstrate a genetic susceptibility to NCDs, single-nucleotide polymorphism (SNP), lncRNA, and mRNA expression profiles will be detected using a microarray. SNPs associated with diseases will be explored by logistic regression, and haplotypes will be identified by using Plink software. Gene–gene and gene–environment interactions will be demonstrated by using generalized multifactor dimensionality reduction and the random forest (RF) method. Differentially expressed genes (DEGs) will be identified using the R software Limma package (29). The lncRNA–mRNA coexpression network will be constructed based on the expression level of DEGs using weighted gene coexpression network analysis (30, 31). MiRNAs targeted by both lncRNAs and mRNAs in the lncRNA–mRNA coexpression network will be predicted by miRDB, TarBase, and TargetScan. All of the ceRNA loops will be combined and transformed into an “lncRNA–miRNA–mRNA” ceRNA network using Cytoscape software (32).

To construct risk prediction models, lasso regression, smoothly clipped absolute deviation, RF, support vector machine, and decision tree will first be used to screen for predictors of NCDs. Then, predictors selected by machine learning methods will be used to construct different prediction models by the Cox regression model. The Cox regression model with the best discrimination and calibration will be selected as the risk prediction model.




DISCUSSION

The current study emphasizes the need for cohort studies in China, especially in the BTH region, to understand NCDs and their risk factors. China is a very diverse country with different ethnic minorities, SESs, and rates of urbanization; thus, the risk factors for non-communicable conditions can vary widely from one geographical area to another. The prospective CKB, which includes more than 0.5 million adults, is the largest cohort in China. However, this cohort did not include a population in the BTH region. To our knowledge, the current study is the first large cohort study based on a community population in the BTH region. The current cohort is conducted in a centrally coordinated manner, which is similar to several cohort studies, such as LifeGene (33), National Health and Nutrition Examination Survey (34), and UK biobank (28). Central coordination center is located in Beijing and is composed of researchers from Capital Medical University and the Chinese Academy of Medical Sciences. The central coordination center is responsible for the quality control, training certification, biological sample storage, providing unified medical examination equipment, test center selection, participant recruitment, organizing CEC to ascertain outcomes, and proposing follow-up plan. Local CDC will assist in baseline field investigation and follow-up investigation.

China is a multiethnic country. There are 55 minorities in China in addition to the Chinese Han population. Most of the cohorts in China only contain the Han population. We will recruit not only a Chinese Han population in the cohort but also a Manchu population of ~10%. Manchu is one of the most populous minorities in the BTH region. Based on the sixth China national population census, Manchu was the largest minority group in Hebei (3.02%) (35). The Manchu population prefers sticky foods and a high-salt diet, and their prevalence of several diseases, such as hypertension and diabetes, is different from the Han population (36). Studies focusing on both Manchu and Han populations may help us to find more specific determinants of chronic disease in the BTH region. Moreover, the genetic background of the Manchu population is also different from that of the Han population (37). Given that population stratification will lead to spurious results and poor reproducibility in genetic association findings, grouping individuals into ethnic clusters will be effective in controlling population heterogeneity.

Classic cohort studies generally focus on certain types of exposure factors and certain types of diseases. The current cohort will not only focus on traditional lifestyle risk factors but also investigate dietary habits, mental health, environment, genetics, and epigenetics so that the etiology of common chronic diseases can be demonstrated comprehensively. Given that many chronic diseases share common pathogenic pathways, the current cohort will systematically analyze multiple exposures and their effects on diseases based on genomics, proteomics, and metabolomics to identify the specific and shared pathways of related diseases. For data collection, in addition to those based on previous traditional chronic disease management modes, this project will explore new methods to achieve real-time dynamic data monitoring and automatic data collection. For example, we will use an ID card reader to collect the subject's ID number, sex, birthday, and living address automatically and save the above information in an Excel table. The participants will be identified by the patient's ID number from the health management records in community healthcare centers, and their medical information will be collected and updated dynamically. Electronic information acquisition systems based on mobile terminals will play important roles not only in obtaining health-related big data but also in health management in the community. Moreover, 20% of the participants will be repeatedly measured in the follow-up visits, which offers an opportunity to conduct trajectory analyses to determine the dynamic patterns of risk factors contributing to the disease.

There are several limitations of the current cohort. First, the survey sites and the participants will not be randomly chosen. This is because the current study focuses on selected survey sites with various economic, medical, and environmental characteristics to better demonstrate the pathogenic mechanism of NCDs. In the central functional district of Beijing, we selected Chaoyang district. Tianjin and Shijiazhuang are in good terms of social economics with moderate air pollution, while Baoding is a city with moderate economic status and severe air pollution. Chengde city was selected as having better air quality. Xiong'an city may experience rapid economic development in the next 5 years. The residents' socioeconomic level and lifestyle may undergo tremendous changes, which may have a certain impact on health. Moreover, instead of estimating the prevalence of diseases by representative sampling, this cohort study is more concerned about the proportion of participants who could be followed up. Thus, we chose stable communities and participants to ensure a good follow-up rate. During the study recruitment process, the investigator will explain that enrollment in the cohort requires continued follow-up. Subjects who actively choose to join the cohort may have a stronger willingness to participate compared with randomly chosen participants, which may avoid loss to follow-up. Second, the current cohort will exclude participants with major physical and mental disabilities and any who could not complete the survey even with the help of investigators. These exclusion criteria may lead to a “healthy cohort” effect, and the results of this cohort study will be more applicable to a healthier population and should be explained and extrapolated with caution. Third, most of the surveys will be conducted on workdays, and elderly people and retirees may prefer to participate compared with young people and employees, which may introduce selection bias. To reduce selection bias and better represent the target population, we will recruit participants considering their demographic structure according to the results of the sixth national census. Finally, the same examination equipment will be used for physical examination to ensure the comparability of measurements. Because of the limited quantity of equipment, it is not possible to carry out repeated measurements at the same time. Therefore, in this study, only 20% of the subjects were repeated measured in each time of follow-up. It was planned to complete repeated measurements of all the subjects after five rounds of follow-up. In order to overcome the shortage of partial repeated measurements, telephone interviews and medical records update will be conducted to all participants every 2 years to obtain the change of lifestyle behavior and other health determinants.



CONCLUSION

The CHCN-BTH cohort will be a combination of self-reported data, medical records, and biological information. These data will contribute to our knowledge of risk factors for major NCDs and their survivorship. The survey sites of the CHCN-BTH cohort will have different socioeconomic and environmental statuses, and their socioeconomic and environmental status have experienced dramatic changes in recent decades. Significant spatial and temporal differentiation is well-suited to demonstrate the health determinants of NCDs in the BTH region, which will feed into public health strategies with regard to disease prevention and survivorship-related aspects.
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