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Abstract 

Background 

In recent decades, the prevalence of cardiovascular diseases (CVDs) around the world has 

been increasing, and researchers have paid more attention to understand the epidemiology of 

CVDs to provide reference for healthcare professionals and policy makers. China is one of 

the countries where rapid development of economy occurs accompanied by changes in 

people’s socioeconomic status and lifestyle, and is also facing the challenge of increasing 

burden of CVDs. This challenge exists not only in the rising prevalence of CVDs and 

increasing deaths from CVDs, but also in the low awareness and treatment rates of some 

CVDs. This Master research will focus on one important risk condition of CVDs, abnormal 

blood lipid levels or called dyslipidaemia, as a window to help understand more about the 

cardiovascular epidemics in China in recent years, based on secondary data analysis of a 

representative cohort study called China Health and Retirement Longitudinal Study. 

(CHARLS).  

Objectives 

This Master research aims to provide a reliable estimation of the prevalence, awareness, 

treatment and control rates of dyslipidaemia in middle-aged and elderly population in China, 

and analyse their related influential factors. 

Methods 

This research includes two phases of analysis: 

Phase 1: A cross-sectional study of the CHARLS baseline survey to investigate the 

prevalence, awareness, treatment and control rates of dyslipidaemia, using the blood test data 

from CHARLS. 

Phase 2: A cohort study of the CHARLS baseline and follow-up surveys to estimate the 

changes in prevalence, awareness and treatment rates of dyslipidaemia and to investigate 

related influential factors for the development, awareness and treatment uptake of 

dyslipidaemia. 

Results 

In the cross-sectional study of the baseline data, the weighted prevalence, awareness, 

treatment and control rates of dyslipidaemia were 43.8% (95%CI: 42.8, 44.8%), 22.7% 

(95%CI: 20.9, 24.6%), 13.5% (95%CI: 11.7, 15.2%) and 5.1% (95%CI: 4.3, 5.8%), 

respectively. Urban residents had significantly higher prevalence, awareness and treatment 
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rates of dyslipidaemia compared with rural residents, while the control rates did not differ 

significantly.  

In the cohort study of the baseline and two follow-up surveys, the estimated prevalence of 

dyslipidaemia did not increase much from 2011 to 2015, while the awareness and control 

rates in both urban and rural areas increased significantly. Waist circumference (cm, OR: 

1.04, 95%CI: 1.02, 1.07) was identified as the most important predictors for the development 

of dyslipidaemia during the observation. Urban residence (OR: 1.50, 95%CI: 1.10, 2.05) and 

higher education (OR: 1.69/1.97/1.64 for primary/secondary/high school or higher compared 

with illiterate education level) were found to be significantly associated with awareness of 

dyslipidaemia, while awareness of dyslipidaemia (OR: 5.75, 95%CI: 3.95, 8.36) was directly 

associated with the treatment uptake of dyslipidaemia. 

Conclusions 

Dyslipidaemia was found to be widespread in China with high prevalence, but its awareness, 

treatment and control rates remained relatively low, indicating its poor detection and 

inadequate control. However, the awareness and treatment rates were gradually increasing 

over years, possibly showing the outcomes of China’s healthcare reform and public health 

promotion programs.  

Obesity was a crucial contributor of dyslipidemia, and therefore management of dyslipidemia 

could refer to obesity management for policy making. Urban residence and higher education 

were important for awareness of dyslipidemia, while awareness was important for treatment 

uptake, so public education programs of health promotion were needed to raise awareness of 

dyslipidemia and better manage dyslipidemia epidemic in China. 
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Chapter 1 Introduction 

This chapter will briefly introduce the background information of this Master of 

Research project, including its rationale and context, as well as some relative knowledge 

for a fundamental understanding of the biomedical background. According to the 

problems stated, the research questions are proposed, followed by a detailed description 

of the research scope and objectives. At the end of the chapter the overall structure of 

this thesis will be presented. 

1.1 Cardiovascular disease burden in China 

In developing countries, researchers are increasingly focusing on chronic diseases, due 

to their rising prevalence associated with rapid economic development and 

environmental change. [1, 2] Cardiovascular diseases (CVDs), including ischemic heart 

disease, stroke and type 2 diabetes, are among the major causes of deaths and disability 

by chronic diseases in many low- and middle- income countries such as China. [3]   

According to the report from the Chinese Centre for Disease Control and Prevention 

(Chinese CDC), the incidence of death from CVDs increased from 240.0 per million in 

2004 to 268.9 per million in 2015, and this figure continues to rise.[4] As a large 

country, which is developing rapidly, China is also facing an increasing demand for 

healthcare with the increasing in prevalence of CVDs. Although the prevalence of 

CVDs in China is low relative to many western countries, it has been increasing with 

the improvement of living standards and changing lifestyles.[5] Driven by economic 

growth, living standards of Chinese population have been improving rapidly since late 

20th Century. This growth has been accompanied by rapid urbanization in contemporary 

China and has shaped its population health over past decades. Research has shown that 

living in more urbanized areas increases the risk of developing chronic diseases.[6] One 

important pathway though which urbanization influences health is through lifestyle, 

including change in dietary patterns and insufficient physical activities over time 

because of economic development. It was reported that over past decades China was 

facing the challenge of increasing consumption of dietary sugars and fats, and an 

associated increasing prevalence of obesity leading to a rise in CVDs. [7, 8] Unhealthy 

dietary patterns were commonly accompanied by rising prevalence of biological risk 

factors (elevated blood pressure, elevated blood glucose, overweight and abnormal 

blood lipid profiles), contributing to the onset of different CVDs (heart disease, stroke, 

diabetes, etc.). [9]  

Dyslipidaemia, which stands for blood lipid disorders, is one of the major risk factors 

for many CVDs like heart attack, stroke, arthrosclerosis and diabetes. Unlike 

hypertension and diabetes which have been strong focuses of public health research for 

many years, dyslipidaemia is discussed less frequently. However, there has been 

gradually more attention paid to the research on dyslipidaemia in China recently, 

reporting an increase in the overall prevalence of dyslipidaemia over the past decades, 

while the detection rate remained low, which indicates that more public health effort is 
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needed to be put into the field of dyslipidaemia to better protect the population from the 

risks of CVDs. [10, 11] As a field with relatively larger research gap, compared to 

hypertension or other chronic conditions like diabetes, dyslipidaemia will be a focus of 

this thesis, serving as a window for the understanding the cardiometabolic epidemic in 

China. 

In order to better understand the epidemiology of lipid disorders and CVDs, it is 

necessary to have a brief overview of lipid biology, which will be presented in the 

following sections. 

1.2 Lipid biology 

Lipids are one of four kinds of biological macromolecules (protein, sugar, lipids and 

nucleic acids) that construct the body of human beings. Generally, lipids can be 

classified as three categories: triglycerides (TG, usually referred to as fat/oil), 

phospholipids (important component of cell membrane) and sterol (including 

cholesterol and sex hormone). 

Blood lipids usually refer to lipids in the blood circulation, either as free molecules or 

bound to other particles, including mainly TG and cholesterol. In bloodstream, TG is 

carried by different lipoproteins, mainly chylomicrons and very-low-density-lipoprotein 

(VLDL). Blood cholesterol is transported by different lipoproteins as well, mainly low-

density-lipoprotein (LDL) and high-density-lipoprotein (HDL). [12] 

1.2.1 Triglycerides 

TG is the simplest category of lipids which is widely distributed in different tissues, 

which is the main source of fatty acids for lipid metabolism, storing or providing large 

amount of energy for different tissues when synthesized or degraded. Besides the 

function as stored fuels, TG also provides insulation for animals against low 

temperature. 

Studies have shown that elevation of TG level in blood contributes to the risk of CVDs, 

and the risks of CVDs and all-cause deaths were associated significantly with TG 

increment. [13] TG is also a predictor having major associations with many chronic 

CVDs like diabetes and other severe diseases like pancreatitis, shown in many 

population-based prospective studies, meta-analysis, genetic studies and clinical trials. 

[14, 15] Therefore, screening and monitoring of TG level in adults have been promoted 

by many clinical practice guidelines, in order to better protect the population from high 

TG and elevated risks of CVDs. [16, 17] 

1.2.2 Cholesterol 

Sterols are structural lipids in the membrane system of most eukaryotic cells and as 

precursors of steroid hormones like sex hormones. Cholesterol, presenting in animal 

cells, is the major category of sterols in the tissues which constructs the membrane 

system, converts to hormones, helps metabolism and produces digestive substances like 

bile acids. [12] However, excess amount of cholesterol in the blood circulation has 

association with increased risk of CVDs and even some cancers, and it is suggested that 
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dietary cholesterol should be controlled especially for those with high CVD risks. [18-

20] 

1.2.3 Lipoproteins 

Lipids, including TG and cholesterols, are transported in the blood of vertebrates as 

various kinds of particles called lipoproteins. Lipoproteins are combination of lipids and 

apolipoproteins, and different combinations determines different functions of 

lipoprotein particles.[12] 

There are four categories of lipoproteins in human plasma: chylomicrons, VLDL, LDL 

and HDL. These lipoproteins are different in size, density and their composition, 

performing different functions. There is a circulation of lipoproteins which maintains 

the homeostasis of blood lipid levels and it is necessary to introduce briefly about the 

mechanism to better understand dyslipidaemia. Dietary lipids are absorbed from 

digestive tract and then packaged into chylomicrons. Lipids synthesized in liver are 

transported to different tissues as VLDL particles, some of which are then converted to 

LDL delivering cholesterols to body tissues. Reversely, cholesterols in the bloodstream, 

generated by other tissues, are packaged into HDL and then transported to liver for 

further metabolism. In this way, unlike LDL which has a positive correlation with 

CVDs, a negative association between blood HDL concentration and some CVDs has 

been reported by previous studies. [12] 

1.3 Dyslipidaemia 

In regular clinical blood test, there are four main items of blood lipids: total cholesterol 

(TC), LDL cholesterol (LDL-C), HDL cholesterol (HDL-C) and TG. Dyslipidaemia is 

defined as abnormal levels of blood lipids, including having any one of the following 

conditions: high TC, high LDL-C, low HDL-C or high TG. 

Dyslipidaemia is considered one of the major risk factors of CVDs. Abnormal levels of 

blood lipids (usually excessive amount of blood lipids) leads to pathological deposit of 

lipids on the wall of blood vessels, contributing to the onset of atherosclerosis, 

myocardial infarction, stroke and many other CVDs.[21-23] While raised blood glucose 

and blood pressure as risk factors for CVDs are the focus of much public health 

research, the epidemic of dyslipidaemia is also worthy of attention. While it was 

reported that screening of dyslipidaemia among younger adults might be of unclear 

benefit, suggestions have been given that not only primary prevention, but better 

screening, detection and treatment of dyslipidaemia among elders is also important to 

the control of CVDs especially in countries such as China where dietary patterns and 

risk factor levels are changing.[24, 25]  

1.3.1 Aetiology 

The aetiologies of dyslipidaemia were found to be heterogeneous and complicated. 

While genetic factors can play a role in primarily causing dyslipidaemia, most cases of 

dyslipidaemia are secondary to lifestyle factors (obesity, high fat diet and as part of type 

2 diabetes). The pathophysiology behind secondary causes of dyslipidaemia is 

complicated and has confounding effects with multiple other interacting risk factors for 
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CVD (for example, smoking, hypertension, diabetes, age, gender) and is the subject of 

ongoing research beyond the scope of this thesis [26] 

1.3.2 Diagnosis and classification 

According the Joint committee that issued the Chinese guideline for the management of 

dyslipidaemia in adults, the diagnostic criteria of dyslipidaemia are defined as having 

any of the following conditions: high TC (≥240 mg/dL or 6.22 mmol/L), high LDL-C 

(≥160 mg/dL or 4.14 mmol/L), low HDL-C (<40 mg/dL or 1.04 mmol/L) or high TG 

(≥200 mg/dL or 2.26 mmol/L). [27] The criteria are consistent with the National 

Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) criteria for 

cholesterol disorders which are widely used in many publications. [20] The analysis in 

this research thesis will be based on these diagnostic criteria. 

By aetiology, dyslipidaemia can be classified as primary (genetic) or secondary 

dyslipidaemia, which has been discussed above. The other commonly-used 

classification criteria for dyslipidaemia in China are based on clinical blood lipid test 

results of TC, HDL-C and TG: hypercholesterolemia (high TC only), 

hypertriglyceridemia (high TG only), mixed hyperlipidaemia (high TC and high TG), 

and low HDL-C. [20] 

1.3.3 Complications and impact 

Dyslipidaemia itself is an important risk factor for many CVDs, which may bring 

possible complications as well. High LDL-C was found to be highly associated with 

plaque formation in atherosclerosis, while HDL concentration has negative association 

with risks of arterial dysfunction. [12, 18] Some studies even found that disruption in 

cholesterol homeostasis was associated with neoplasm development in melanoma and 

other types of cancers.[19] TG plays an important role in the development of diabetes, 

heart attack, peripheral vascular disease, stroke and many other CVDs even cancer. [13] 

Extremely high TG was found to strongly correlates with the risk and severity of acute 

pancreatitis. [28]  

1.3.4 Treatment and management 

The ultimate purpose of treatment on dyslipidaemia is to minimize the risks of CVDs 

like myocardial infarction, ischemic stroke and coronary heart diseases. Anti-

dyslipidaemia medications will benefit patients with CVDs or on high risks of CVDs 

more, and therefore it usually depends on the risks of CVDs to determine whether 

pharmaceutical treatment is necessary. [5]  

According to different guidelines in China or around the world, it has been suggested 

that LDL-C should be the primary target to treat dyslipidaemia, while the secondary 

target would be non-HDL-C concentration including TG as well. [5, 20] Commonly 

used anti-dyslipidaemia drugs refers to drugs that primarily decrease cholesterol 

concentration, drugs that primarily decrease TG and other new-type anti-dyslipidaemia 

drugs like enzyme inhibitors. No sufficient evidences of medical interventions on 

patients with low HDL-C are available at present, and lifestyle interventions are 

promoted by the Chinese guidelines. [5] 
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Lifestyle interventions are important approaches of dyslipidaemia management, no 

matter whether medical interventions are conducted, and have been proved to be cost-

effective ways of intervention against dyslipidaemia. Regular physical activities, no 

tobacco and limited alcohol consumption, body weight control and balanced diet are 

promoted by the guidelines as lifestyle interventions to treat and manage dyslipidaemia. 

Other possible interventions on dyslipidaemia include lipoprotein plasma transfusion 

and liver transplantation, and it has been suggested that individualized assessment of 

CVD risk and intervention need to be implemented for patients with comorbidity of 

diabetes, hypertension, metabolic syndrome, chronic kidney diseases, familial 

hypercholesterolemia or stroke.[5] 

1.4 Rationale and aims 

The purpose of this study is to understand more about the social and behavioural 

epidemiology of dyslipidaemia and its management in China, to help understand more 

about the epidemiology of CVDs in China using a cohort study called the China Health 

and Retirement Longitudinal Study (CHARLS). A more detailed introduction of this 

CHARLS dataset will be presented in Chapter 3. 

My research objectives are: 

1) To describe the prevalence, awareness, treatment and control of dyslipidaemia 

2) To identify the demographic, behavioural and social factors as well as health 

insurance coverage associated with prevalence, awareness, treatment and control of 

dyslipidaemia.  

3) To identify any changes in 1) and 2) between baseline and follow-up time points in 

the CHARLS dataset. 

1.4.1 Analysis of cross-sectional data at baseline  

The first objective of this study is to use the baseline data from CHARLS to investigate 

one aspect of the epidemics of CVDs in China - dyslipidaemia, with a focus on the 

demographic, behavioural, social and other factors associated with the prevalence, 

awareness and treatment of dyslipidaemia.  

The objectives of this cross-sectional study  

 To describe the basic characteristics of the participants in the baseline survey, 

including their demographic and socioeconomic features, as well as physical and 

biochemical data in terms of anthropometric examination and blood test.  

 To describe the prevalence, awareness, treatment and control rates of 

dyslipidaemia at baseline in the CHARLS dataset. 

 To identify the demographic, behavioural and social factors associated with 

prevalence, awareness, treatment and control rate of dyslipidaemia, and to 

explore the correlation between prevalence, awareness, treatment or control rate 

of dyslipidaemia and the identified potential risk factors, using a multivariate 

regression model.  
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 To build and train an artificial neural network model (addressed below in 

Chapter 3) using the baseline survey of CHARLS to predict the prevalence of 

dyslipidaemia in the occasion where blood test data of the follow-up surveys are 

currently unavailable from the CHARLS committee. 

1.4.2 Analysis of cohort data  

The second objective of this study is to utilize the cohort data of CHARLS (baseline 

survey and two follow-up surveys) to better understand the epidemics of dyslipidaemia 

in China. The cohort study will provide more information about the changes in the 

epidemiological features of dyslipidaemia over time, as well as the changes in people’s 

behaviours, socioeconomic status and healthcare utilization, etc. 

The purpose of this cohort study includes: 

 To utilize the trained artificial neural network to predict the prevalence of 

dyslipidaemia for participants in the follow-up surveys, and make comparisons 

with the results given by using self-reported results to represent the prevalence 

of dyslipidaemia in the follow-up surveys. 

 To describe the characteristics of the participants in the follow-up surveys, 

including their demographic and socioeconomic features, as well as physical 

measurement from anthropometric examination.  

 To describe the prevalence, awareness and treatment rate of dyslipidaemia in the 

follow-up surveys for the participants included at baseline, and make 

comparison among baseline data and two waves of follow-up data. 

 To investigate the changes of people’s behaviour and socioeconomic status as 

well as health insurance status across different waves of surveys and to examine 

their association with dyslipidaemia. 

1.5 Structure of the thesis   

This thesis presents the major project for the Master of Research in public health, 

investigating the epidemic of dyslipidaemia in middle-aged and elder Chinese 

population using the cohort dataset CHARLS, helping understand more about the 

cardiometabolic burden and situation in China in recent years. It is composed by six 

chapters. 

Chapter 1 provides background information about CVD burden in China and the 

dyslipidaemia epidemic in recent years, followed by an introduction to dyslipidaemia in 

a biological and medical perspective which is the reference for the analysis below. 

Chapter 2 reviews recently published literature in terms of dyslipidaemia epidemic, both 

worldwide and in China (either at a provincial or a national level), synthesizes evidence 

from previous studies on the epidemiological features of dyslipidaemia and its risk 

factors. This chapter also reviews the recent public health reform in China, which raises 

the need for a better and updated understanding of chronical diseases and catalyses the 

research in public health in China. 
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Chapter 3 presents the methodology used in this research, including the conceptual 

framework, followed by a description and appraisal of the dataset CHARLS and a 

detailed introduction of the methods used for data collection and analysis. 

Chapter 4 is composed by two sections, each for one phase of the whole research. The 

first section presents the results of the first phase, a cross-sectional analysis of the 

baseline data which contains both questionnaire measurement and laboratory test 

results. The section presents the results of the second phase, a cohort analysis based on 

the cross-sectional phase incorporating the follow-up data collected via questionnaires. 

Chapter 5 discusses the results presented in Chapter 4, from both the cross-sectional and 

cohort study including the limitation of these two study designs in this research, 

followed by the discussion of research implications and further questions to be 

investigated. 

Chapter 6 concludes the findings and implications of this research. 

Given the background introduction and an overview of the thesis in this chapter, more 

detailed investigation into the dyslipidaemia epidemic in China and its burden will be 

discussed in the next chapter, exploring more information about the recent healthcare 

reform and changes in this country.  
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Chapter 2 Literature Review 

This chapter is presented in four sections. First, evidence from existing literature about 

the disease burden of dyslipidaemia worldwide and particularly in China will be 

synthesized to provide an overall review of the dyslipidaemia epidemic in China in 

recent years. A more comprehensive review and appraisal of the healthcare reform 

launched in 2009 in China will then be presented, providing more background 

information about recent public health policy changes in China. After that, a review of 

the public health output of CHARLS will be given, followed by the last section which 

states the evidence gap after synthesizing these publications, leading back to the 

research objectives.  

2.1 Global epidemiology of dyslipidaemia 

Dyslipidaemia is a considerable issue around the world, not only in China but also in 

many other countries. Researchers from many countries have conducted many studies 

on dyslipidaemia, and some of them depicted the epidemiological features of 

dyslipidaemia in different areas in the world. According to the Global Health 

Observatory data from the World Health Organization (WHO) (source: 

http://www.who.int/gho/en/), currently the only available data globally, the worldwide 

prevalence of raised TC among adults was 39% in 2008, and this figure did not include 

the prevalence of low HDL-C, high TG and high LDL-C without high TC. Therefore, it 

could be estimated that the global prevalence of dyslipidaemia was higher than 39%.  

In terms of studies conducted to investigate the prevalence of dyslipidaemia in different 

countries, few nationally-representative publications are available currently, while most 

of the studies were conducted in a specific region (province, state, etc.) in a country or 

in a specific group of population (for example children, male, diabetes patients, etc.). 

Furthermore, most of the studies only presented the prevalence of dyslipidaemia, but 

lack of information of awareness, treatment and control of dyslipidaemia. The table 

below (Table 2.1) presents the epidemiological features of dyslipidaemia in some 

nationwide studies, referring to the literature available.  

Table 2.1 Epidemic of dyslipidaemia in recent nationwide studies globally 

Country Year 
Prevalence 

(%) 

Awareness 

(%§) 

Treatment 

(%§) 
Control (%§) 

Canada [29] 2009 45.0 43.0 24.0 19.0 

China [10] 2010 34.0 31.0 19.5 8.9 

South Korea [30] 2010 59.0 13.7 7.4 2.3 

Thailand [31] 2009 66.5 17.8 11.7 6.3 

India [32] 2010 79.0    

Turkey [33] 2013 79.6    
§ Stands for proportion of participants among those having dyslipidaemia 

According to the WHO report, it was proposed that high income countries were more 

likely to have higher prevalence of hypercholesterolemia, compared to low-and-middle 

income countries, and the regions with highest prevalence of hypercholesterolemia were 
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Europe and Americas, while regions with lowest prevalence were Africa and 

East/Southeast Asia. However, the results from the literature presented in Table 2.1 

seem to be different as Turkey, Thailand and India had relatively higher prevalence of 

dyslipidaemia than Canada. When examining the literature, the reason is that Turkey, 

Thailand and India all have very high prevalence of low HDL-C, which is not included 

in the WHO calculation of hypercholesterolemia prevalence.[31-33]. This comparison 

gives us insights on the possible neglect of low HDL-C in many blood lipid surveys, 

and the importance of reporting specific data and results of different composition of 

dyslipidaemia. As stated above in Chapter1, HDL-C level has a negative correlation 

with CVD risks, which is different from TC, LDL-C and TG levels which have positive 

correlations. Therefore. the clinical significance of low HDL-C also needs to be 

addressed more clearly, as well as the public awareness of this special category of blood 

lipids, compared to better-known categories like high TC, high LDL-C and high TG.  

2.2 Studies on epidemiology of dyslipidaemia in China 

There is less literature examining the epidemic of dyslipidaemia in China than diabetes 

and hypertension. Recently, however, more attention has been paid to dyslipidaemia by 

researchers, and a number of descriptive research studies about the prevalence of 

dyslipidaemia have been published in various Chinese academic journals. However, 

only few studies have been published in English, most of which were limited to a scale 

of a province rather than on a national level.[10, 34-40]. Almost all the research 

published were cross-sectional studies of dyslipidaemia, without follow-up and further 

analysis. Detailed information about these publications are presented below (Table 2.2). 

Table 2.2 Results of prevalence, awareness, treatment and control of 

dyslipidaemia in China from previous publications 

§ Stands for proportion of participants among those having dyslipidaemia 

All these publications in English showed a common feature that the prevalence of 

dyslipidaemia was relatively high throughout the past decade. It was reported in a 

national survey in 2002 that the overall prevalence of dyslipidaemia of Chinese adults 

aged over 18 was 18.6%.[11] However, another national survey in 2010 showed that 

this prevalence had nearly doubled to 34.0%. [10] Other publications focused on 

regional prevalence of dyslipidaemia in different areas of China from 2003 to 2014, 

with the prevalence ranging from 35.4% to 49.7%. The prevalence of dyslipidaemia in 

Study 
End 

year 
Level 

Prevalence 

(%) 

Awareness 

(%§) 

Treatment 

(%§) 

Control 

(%§) 

Wu et al. [40] 2003 Provincial 36.5%    

Cai et al. [39] 2008 Provincial 35.4% 22.2 10.2 3.8 

Pan et al. [10] 2010 National 34.0% 31.0 19.5 8.9 

Zhang et al. [34] 2013 Provincial 36.2%    

Zhang et al. [36] 2013 Provincial 49.7%    

Gao et al. [35] 2014 Provincial 45.8% 23.9 11.5 10.0 

Qi et al. [37] 2014 Provincial 35.5%    
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the Chinese population has increased compared with the national survey data from 

2002.  

Three of these publications also examined the awareness, treatment and control of 

dyslipidaemia. [10, 35, 39] However, the awareness, treatment and control rate of 

dyslipidaemia stayed low. 

These publications also examined and discussed factors influencing prevalence of 

dyslipidaemia. Unsurprisingly, sex and age variance were significant in most studies, 

especially the difference between female before and after menopause. The prevalence of 

dyslipidaemia was lower in female before menopause but became higher after 

menopause. [10, 36, 37, 39, 40] Urban-rural difference was also observed that urban 

residents had higher a prevalence of dyslipidaemia than rural population at the national 

level [10] but the difference was smaller when the scale of the study was smaller, and 

only a small number of cross-sectional studies investigated this difference. [39, 40] 

Obesity, using body mass index (BMI) as measurement, or central obesity, measured by 

waist circumference, had strong positive correlation with the prevalence of 

dyslipidaemia in almost all studies. [10, 35-40] Alcohol consumption, smoking and 

physical activity were considered into analysis in these publications, while some 

reported significance correlation between the prevalence of dyslipidaemia and alcohol 

consumption, [10, 36, 37, 39, 40] smoking [10, 35, 36, 38-40] or physical activity.[10, 

37] Comparing these publications, regional difference might exist. It was generally 

reported in the national study that there were differences in prevalence of dyslipidaemia 

among different geographical parts of China. [10] 

Besides prevalence, the rates of awareness, treatment and control were also influenced 

by many factors. [10, 35, 39] Age, sex and urban-rural difference were major factors 

influencing awareness of dyslipidaemia, as well as its treatment and control. [10] 

However, as most of the previous publications focused mainly on prevalence, the 

awareness, treatment and control of dyslipidaemia have not been discussed well enough. 

It is necessary to know more about what prevents or promotes public awareness, 

treatment and control of dyslipidaemia.  

Overall, all these cross-sectional studies reported relatively higher prevalence of 

dyslipidaemia among Chinese population and relatively low 

awareness/treatment/control rate. (Table 2.2). Besides these studies, however, there are 

still few existing publications regarding the dyslipidaemia epidemic all around China, 

and only three covered all aspects from prevalence to control. All these studies were 

cross-sectional and without longitudinal follow-up to investigate the change of 

dyslipidaemia in the sample cohort, so data about recent trends of dyslipidaemia in 

China are limited. However in 2009, China launched the plan of a reform of the national 

healthcare system, the aim of which was to provide Chinese population with better 

coverage of affordable basic healthcare, and one primary focus of the reform was 

CVDs.[41, 42] Thus, it will be beneficial to have a fundamental understanding of the 

up-to-date epidemic of dyslipidaemia regarding the prevalence, awareness, treatment 
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and control of dyslipidaemia, which can provide feedback on the health system reform, 

as well as informing guidelines on how to address CVDs in China in the future.  

In conclusion, a high prevalence of dyslipidaemia in China has been consistently 

reported, while rates of awareness, treatment and control were rather low. Furthermore, 

existing studies report similar influence of biological and socioeconomic factors on the 

prevalence of dyslipidaemia in China. However, there are still few existing publications 

in English regarding the dyslipidaemia epidemic in China, and only three covered all 

aspects from prevalence to control. All these studies were cross-sectional and without 

longitudinal follow-up to investigate the change of dyslipidaemia in the sample cohort, 

so data about recent trends of dyslipidaemia in China are limited. Furthermore, the 

utilization of health care infrastructure and health insurance were not included in the 

discussion of these studies. Thus, as there is a need for an update in the research of 

dyslipidaemia epidemic in China, a systematic assessment of prevalence, awareness, 

treatment and control of dyslipidaemia using a longitudinal cohort study will benefit the 

understanding of dyslipidaemia in China, and provide evidence and implications for 

future control of dyslipidaemia across the whole country. 

2.3 Recent healthcare reform in China 

As mentioned above, China unveiled the plan of a massive reform of the healthcare 

system on March 17th, 2009, aiming to spend more than 850 billion CNY 

(approximately 130 billion USD or 175 billion AUD) in the following 3 years with the 

goal of providing accessible and affordable healthcare resources around the country by 

2020. The background of this plan was the outbreak of severe acute respiratory 

syndrome (SARS), which shocked the whole country in 2003, revealing the weakness 

of the Chinese public health protection system and finally raising the attention of the 

government to launch a reform of the healthcare system to make it abler to cope with its 

responsibilities. [41] The main theme of this healthcare reform was to improve and 

reshape the healthcare system in China, in order to promote public health services, 

health insurance coverage and primary care in both urban and rural areas, and optimize 

national expenditures on public health while relieving the economic burden on both 

national and individual levels. 

There were five major targets in the plan:  

 Provide wide coverage of medical insurance for more than 90% of Chinese 

people. 

 Establish a national essential drug system for basic prevention and treatment. 

 Improve the medical care and public health service system at basic levels. 

 Promote basic public health service especially for chronic diseases. 

 Launch the pilot reform of public hospitals. 

It was planned that these five major targets to be achieved fundamentally by 2011 (for 

example, the coverage of health insurance of both urban and rural residents were 
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planned to exceed 90% by 2011), and all these systems and reforms would be 

established and accomplished by 2020. To achieve the goals in such a large country with 

over 1.3 billion people was not an easy job, especially facing the challenge of global 

economic crisis and significant inequality in healthcare. Several articles have reported 

current progress with China’s healthcare reform and made early appraisals of this 

complex reform. The major achievement of the reform acknowledged by many 

researchers was the broadening of insurance coverage. According to the report from the 

Ministry of Health, the coverage rate reached over 90% in 2011 compared to 2003 when 

45% of urban residents and 79% of rural residents had no coverage of health insurance. 

[43] The reimbursement rate of health insurance increased as well, although the total 

and out-of-pocket expenditures of admissions remained high and the incidence of 

catastrophic expenditure did not decrease significantly. [41, 44]  

The effects of the promotion of national essential drug system was positive but below 

expectation, as subsidies to hospitals did not increase sufficiently to make up the lost 

revenues while over 90% of the revenues of public hospitals came from their patients 

directly, although the essential drug system helped improving the accessibility to basic 

drugs especially in rural districts. [43] Inappropriate drug prescriptions and expenditure 

for upper respiratory tract infection, hypertension and diabetes reduced with this 

essential drug system, but the changes in use of antibiotics, infusions, hormones and 

intravenous injections for outpatients were variable and not significant enough. [41, 45] 

The achievement of this essential drug system lacked clear benefits so far at an early 

stage of implementation, but future analyses are worthy of expectation to explore 

whether its aim to promote basic prevention and treatment will be achieved. 

The reform called for investments into basic health services and was promising for 

positive progress, as the health infrastructure in township/county health centres were 

being renovated and the amount of facilities had been increasing. [43] However, only 

public investment could not solve the challenges alone, and it was pointed out by many 

researchers that the obstacles in the way of reform was the insufficiency of qualified 

human resources in health professionals. Even with staff available, due to the widely 

acknowledged fact that public hospitals had little incentive to limit over-prescription or 

ensure affordability of services as most of their revenues directly came from patients, 

the problem of perverse incentives faced by healthcare providers were a big concern and 

hard to solve. The reform of public hospitals might be a solution, but the debated over 

hospital reform never stopped, and the outcome from some pilot reform of public 

hospitals still needs to be analysed in the future. [41, 43] 

Generally concluded from the literature, the achievement of the very first phase of 

China’s healthcare reform could be observed in different aspects and did not lack of 

meaningful progress, but the challenges faced by the government were by no means 

easy to deal with and required more than just investment to resolve. [41-45] The next 

steps of the reform are to be expected, and in order to understand better about the 

influence of the reform on public health, it is a reasonable approach to use up-to-date 

datasets for further analysis, while CHALRS is one example with abundant information 
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on health and wellbeing. Besides, since the reform was indicated to promote basic 

healthcare system and primary care, especially in urban areas, it would be worthwhile to 

investigate the difference in health profiles between rural and urban residents using the 

CHARLS cohort and follow its changes over time. 

2.4 Public health output from CHARLS  

The information-rich CHARLS dataset has enabled hundreds of studied on Chinese 

adults over 45 years old to be published in the past a few years, ranging from economic 

journals to medical journals. [46] Related public health output from CHARLS provide 

more information about the background and characteristics of this cohort, as well as the 

epidemic of some other chronic conditions which have potential association with 

dyslipidaemia.  

No studies have utilized CHARLS for the research purpose of dyslipidaemia epidemic 

in China up till now. Among those publications involving research on epidemics of 

chronic diseases in China, most are focused on hypertension and diabetes, and a few 

showed interests in chronic kidney diseases, disability and depression, etc. It is not 

surprising that hypertension has received considerable attention among public health 

researchers, as the prevalence of hypertension is high among CHARLS participants 

(around 40%), and may have severe prognosis or complications as well. [47-49] 

Diabetes is another major concern as well, of which the prevalence among CHARLS 

participants was approximately 10%, indicating an important public health issue given 

the severity of the disease and its complications, as well as the huge economic burden 

not only on the patients but on the healthcare system of the country. [47, 50] 

Some studies also investigated the comparison between self-reported conditions and the 

results from physical measurement and biochemical test for CVDs like hypertension 

and diabetes, and the common findings were that the awareness (also interpreted as the 

sensitivity of self-report) was not satisfying, as approximately only 56% and 61% of the 

CHARLS participants who had hypertension and diabetes, respectively, were aware of 

their conditions.[47] Previous studies on the epidemic of dyslipidaemia in China 

reported that the awareness rate of dyslipidaemia was approximately between 20% and 

30%, much lower than the awareness rate of hypertension and diabetes. [10, 35, 39] 

Considering this difference, it would be informative and instructive to investigate the 

awareness rate (and also treatment and control rate) of dyslipidaemia using the 

CHARLS cohort to identify whether there is significant difference in terms of public 

awareness and management between dyslipidaemia and hypertension (or diabetes).  

2.5 Evidence gap and significance of the research 

There were previous studies which investigated the epidemic of dyslipidaemia among 

Chinese population in the recent decades, as mentioned above in the section 2.2. 

However, there are three major limitations of these studies: 
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1) Most studies reported prevalence of dyslipidaemia only, lack of the information 

about awareness, treatment and control rates of dyslipidaemia. 

2) Most studies were conducted only at the level of a province rather than being 

nationwide, not representative for the Chinese population. 

3) Almost all studies were cross-sectional studies without follow-up, which might 

be more biased compared to a cohort study. 

Given the evidence gap stated above, the rationales of the research objectives are clear: 

what were awareness, treatment and control rates of dyslipidaemia in China, at a 

national level? What were the factors that did contribute to the risk of dyslipidaemia, 

and influence its awareness and treatment, despite the possibly biased findings from 

previous cross-sectional studies? To answer these questions, this study using the 

CHARLS dataset will provide: comprehensive understanding of dyslipidaemia 

epidemic in China covering all the aspects from prevalence to control, more 

representative results of Chinese adults in terms of the epidemiological features of 

dyslipidaemia, and a more convincing conclusion illustrated by investigating a cohort 

dataset with both socioeconomic and biochemical data, which will contribute to the 

comprehension of dyslipidaemia epidemic in China, and provide potential reference for 

public health policies. 

Knowing the evidence gap and the rationales of this research, the next chapter will 

move on to illustrate the conceptual framework and methods used in this research.   
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Chapter 3 Research methodology 

This chapter will describe the methodology of this research, and consists of two 

sections: the conceptual frame work of non-communicable diseases (NCDs) on which 

the logic of analysis is based, and detailed information of the methods used in the 

research including the dataset information, study design, diagnostic criteria and 

statistical analysis, etc. 

3.1 Conceptual framework 

3.1.1 Overview of NCD framework  

There are many models illustrating the causation of NCDs of which the underlying 

mechanisms are still being inspected. According to a global report of chronic diseases 

by the WHO, there is a generalized model to illustrate causation of chronic diseases, or 

NCDs. (Figure 3.1) This model has four layers in its causal cascade, and each layer has 

its own focus on certain dimension, from environmental factors to individualized 

factors.  

 

Figure 3.1 Model of chronic diseases by the WHO [9]  

Layer 1: Underlying socioeconomic, cultural, political and environment 

determinants 

This layer includes the most proximal factors in the NCD causal pathway, including 

globalization, urbanization and population ageing as background determinants. The 

effect of this layer exerted on NCDs is usually observed at a populational level, and 

contribute to the overall epidemiological characteristics of NCDs rather than at an 

individual level. Urbanization, or the rural-urban difference, is one of the focus for 

many public health studies especially when they are conducted in a country where the 

socioeconomic development varies remarkably between rural and urban areas and rapid 

urbanization occurs, for example in China where large number of rural people are 
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migrating to urban cities and the so-called “floating population” has taken up 

approximately 18% of the total population according to the report given by China 

National Health and Family Planning Commission Migrant Population Service Centre 

in 2017. [51]  

Layer 2: Common modifiable and non-modifiable risk factors 

This layer is composed by two different categories of risk factors: modifiable risk 

factors and non-modifiable risk factors. Modifiable risk factors are mostly behavioural 

risk factors regarding the lifestyle of an individual, including diet, physical activity, 

tobacco use, etc. Unmodifiable risk factors are factors that cannot be manipulated by an 

individual, but exert their effects in the causal pathway at individual level, for example 

age and heredity.  

Layer 3: Intermediate risk factors 

This layer, also called surrogate markers by some practitioners, includes different kinds 

of abnormalities in physical or biochemical measurements: increased level of blood 

pressure, blood glucose and abnormal level of blood lipids, as well as overweight and 

obesity. These anthropometric and laboratorial assessment are crucial in the final 

diagnosis for many NCDs, and serve as important risk factors in the development of 

NCDs. They are usually considered as intermediate risk factors for NCDs, which are 

outcomes of the risk factors in the previous layers, and then contribute to the onset of 

diseases over time. 

Layer 4: Main chronic diseases 

This layer represents the ultimate outcomes in the framework, which are NCDs 

including heart disease, stroke, cancer, chronic respiratory diseases and diabetes, etc. 

The risk factors for developing these diseases include the factors discussed in the 

previous three layers, via direct association or through intermediate risk factors. 

3.1.2 Modified framework for this study 

The model above could be modified and adapted to guide this research on the 

association of different risk factors and the prevalence of dyslipidaemia, as well as the 

influence of dyslipidaemia on the risk of CVDs, and a simplified framework to fit with 

the study is shown below, based on the features of CHARLS dataset including the 

variables available for analysis. (Figure 3.2) Note that dyslipidaemia lies along the 

pathway from common risk factors to disease outcomes, so it could either be an 

outcome of these risk factors or an explanatory factor for CVDs, and there might also be 

interactions between dyslipidaemia and other intermediate risk factors (raised blood 

glucose, etc.). 
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Figure 3.2 Model of dyslipidaemia adapted from the WHO model of NCDs 

The differences between this adjusted framework and the original model include: 

1) The major concern of underlying determinants is limited to urbanization in this 

nationwide study, so as to investigate the rural-urban difference of the 

dyslipidaemia epidemics as primary research focus. 

2) Modifiable risk factors include alcohol intake as well, and due to the lack of 

quality for diet and physical activity data in the CHARLS dataset, these two 

factors are not included in the adjusted model. Sex is also included in the non-

modifiable risk factor category, and heredity is excluded due to difficulties in the 

analysis using CHARLS dataset. 

3) Dyslipidaemia is extracted as a focus for the category “intermediate risk 

factors”. 

4) The NCD outcomes are limited to CVD outcomes which have more association 

with dyslipidaemia, including heart disease, stroke and diabetes, available from 

the CHARLS dataset. 

3.2 Research Methods 

Data Sources 

This study is based on the CHARLS dataset, a nationwide community-based cohort 

survey of people above 45 years of age in China. CHARLS is a longitudinal study, 

which provided rich information of the participants in aspects of demographic 

background, socioeconomic status, health status and body functioning, healthcare and 

insurance, work and retirement, income and expenditures, housing characteristics and 

physical/biochemical examinations. The CHARLS sampling provides a nationally 

representative cohort data of the Chinese population, covering over 400 villages/urban 

communities in 28 provinces in China, and is one of harmonized international studies 

which enables cross-study comparability.[46] 

The baseline data of CHARLS was collected between June 2011 and March 2012. 

Detailed description of the dataset and its sampling method has been published.[46] A 

total of 17,708 individuals were interviewed by questionnaire survey. Physical 

examinations were conducted and blood samples were also collected for majority of the 
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participants.  There were no significant differences between respondent and non-

respondent in sex, age and residential type (rural/urban) composition. The items tested 

in the blood samples included glucose, glycated haemoglobin (HbA1c), TC, LDL-C, 

HDL-C, TG, blood urea nitrogen (BUN), creatinine, etc. [52] 

As a longitudinal study, CHARLS has its two waves of follow-up surveys in 2013 and 

2015. Same as the baseline survey, all the follow-up surveys of CHARLS investigated 

the social, economic and health aspects of these population groups, as well as their 

health-related behaviours and utilization of health insurance. The CHARLS committee 

intended to perform the blood test every two waves, which meant that blood samples 

were collected in the 2015 follow-up (wave 3) instead of in the 2013 follow-up (wave 

2). [46] However, unlike the baseline survey, the blood test results from wave 3 have 

not yet been released to the public. Therefore, for the cohort analysis of this study, the 

difference between follow-ups and baseline was the lack of blood test data in follow-up 

surveys. 

Up till now, many studies have investigated the health status and functioning aspects of 

this survey, including hypertension, diabetes, depression, disability, sleep disorder, etc. 

but no study utilized CHARLS to investigate dyslipidaemia [47, 49, 53, 54] 

Study design and participants 

The first part of this study is a cross-sectional study using data from the baseline survey 

of CHARLS data collected between December 2011 and January 2012, investigating 

Chinese adults aged over 45. Participants who were recruited into CHARLS were 

17,708 residents from 150 counties in 28 provinces across China, selected after a 

randomization procedure. Among the participants, 13,978 individuals received 

anthropometric and physical measures, while 11,847 provided a blood sample for 

biochemical analysis.[46] For the cross-sectional part of the study, the sample 

population are limited to respondents aged over 45 having no missing values for all 

relevant questions and measurements. Therefore, totally 8,997 individuals (4,192 male 

and 4,805 female) were selected for analysis. (Figure 3.3) 
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Figure 3.3 Selection process of individuals included for cross-sectional study 

The second part of this study is a cohort study using the baseline data of CHARLS in 

2011 and two waves of follow-up data of CHARLS in 2013 and 2015. Among the 

17,708 participants included in the baseline survey, 15,180 were still alive in 2013 and 

were interviewed again for the 2013 follow-up survey, while 441 died before this wave 

of follow-up, and 2,087 participants lost follow-up without the record of death. As for 

the 2015 follow-up survey, 13,558 participants were still alive while 689 died between 

2013 and 2015 follow-ups, and there were 933 cases of loss to follow-up without the 

record of death. After excluding all the observations with missing values for any of the 

relevant questions or measurement in any of the three surveys, the final list of the 

17,708 individuals surveyed 

13,978 individuals 

11,847 individuals 

3,730 without anthropometric 

and physical measures 

2,131 without blood sample 

tested 

1,851 without ID linkage 

among datasets 

8,997 individuals included in 

the cross-sectional study 

Missing values: 

279 in blood test results 

515 in physical measures 

240 in self-reported diagnosis 

10 in demographic characters 

29 in health insurance status 

2,000 in income/consumption 

9,996 individuals 
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participants included in the cohort analysis contained 4,073 individuals (1,954 male and 

2,119 female). (Figure 3.4) 

 

Figure 3.4 Loss to follow-ups in the CHARLS cohort 

Questionnaire 

All the participants completed the questionnaire in the survey. The CHARLS 

questionnaire provided rich information, of which current residential type (filled in by 

interviewers), health insurance status (covered by any type of health insurance or not) 

and lifestyle (including tobacco and alcohol consumption) were most relevant for this 

study. Examples of the questions were “Have you been diagnosed with dyslipidaemia? 

(elevation of low-density lipoprotein, triglycerides, and total cholesterol, or a low high-

density lipoprotein level)”, “Are you now taking any of the following treatments 

(Chinese traditional medicine, Western modern medicine or other treatments) to treat 

dyslipidaemia or its complications?”, “Have you ever chewed tobacco, smoked a pipe, 

smoked self-rolled cigarettes, or smoked cigarettes/cigars?” or “Did you ever drink 

alcoholic beverages in the past?” The questionnaires were completed via face-to-face 

computer-assisted personal interview (CAPI) by trained staff members. [46] The 

questionnaires are accessible through the CHARLS website (URL: 

http://charls.pku.edu.cn/) via a registered account. 

Physical examination 

Height, weight and waist circumference were measured once, using Seca 213 

stadiometer (Seca Trading, Hangzhou, China), Omron HN-296 scale (Krell Precision, 

Hangzhou, China) and soft measuring tape, respectively. Blood pressure (including 

systolic and diastolic blood pressures) was measured three times at 45-second intervals, 

using Omron HEM-7200 monitor (Omron, Dalian, China). Mean value of systolic and 

diastolic blood pressure was calculated. [46] 

Blood test 

After collection, blood samples were sent to Chinese CDC in Beijing for analysis. 

Bioassays were performed for quantitative biochemical tests at Youanmen Center for 

17,708 individuals surveyed 

15,180 individuals 

followed-up 

13,558 individuals 

followed-up 

441 died 

2,087 without 1st follow-up 

689 died 

933 without 2nd follow-up 

Baseline (wave 1) 

in 2011 

 

1st Follow-up 

(wave 2) in 2013 

 

2nd Follow-up 

(wave 3) in 2015 
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Clinical Laboratory for Clinical Laboratory of Capital Medical University. The levels of 

blood lipids and blood glucose were measured using enzymatic colorimetric test. [55] 

Diagnostic criteria 

Dyslipidaemia was defined as having any one of the following blood test results 

according to the Chines guidelines for the management of dyslipidaemia in adults, 

which are consistent with the NCEP ATP III criteria: high TC (≥240 mg/dL or 6.22 

mmol/L), high LDL-C (≥160 mg/dL or 4.14 mmol/L), low HDL-C (<40 mg/dL or 1.04 

mmol/L) or high TG (≥200 mg/dL or 2.26 mmol/L) [27], or self-reported history of 

dyslipidaemia or taking anti-dyslipidaemia medication. The awareness rate of 

dyslipidaemia was defined as the proportion of participants aware of their status of 

having dyslipidaemia among all those who met the definition of dyslipidaemia stated 

above. The treatment rate referred to the proportion of participants receiving anti-

dyslipidaemia treatment among those having dyslipidaemia, and the control rate was 

defined as the proportion of participants on treatment having lipid levels in target range 

(TC <240 mg/dL, LDL-C <160 mg/dL, HDL-C ≥40mg/dL and TG <200mg/dL) among 

those defined as having dyslipidaemia. BMI was categorized according to Chinese 

standards, defining underweight (<18.5 kg/m2), normal weight (18.5 to 24 kg/m2), 

overweight (24 to 28 kg/m2) and obesity (≥28 kg/m2). [56] Central obesity was defined 

as waist circumference ≥90 cm for male and ≥85 cm for female, while the rest were pre-

obesity (85 to 90 cm for male and 80 to 85 cm for female) or normal (<85 cm for male 

and <80 cm for female). [56]  

Statistical analysis 

The statistical analysis was performed using RStudio (Version 1.0.44, RStudio, Inc.) 

and Stata (Version 14.0, StataCorp.). The basic characteristics of the participants were 

described by mean value ± standard deviation (SD) for normally distributed continuous 

variables, or by median ± interquartile range (IQR) for non-normally distributed 

continuous variables, or by proportions for categorical variables. Rates, percentages and 

odds ratios (ORs) were given together with 95% confidence intervals (95%CIs). 

Individual weights were applied for weighted calculation. Unpaired t-test was used to 

detect the difference in a continuous variable between two subgroups. Chi-square test 

was used to detect the correlation or interaction between two categorical variables. 

Multivariate logistic models were used to perform the regression analysis between 

specific outcomes (prevalence, awareness or treatment of dyslipidaemia) and exposure 

variable (sex, age, residential type, obesity, etc.) controlling for potential confounders.  

Neural network model 

Due to unavailability of blood test data in 2013 and 2015 follow-ups of CHARLS, the 

prevalence of dyslipidaemia in these two waves need to be estimated. To have a closer 

estimate of the prevalence, an artificial neural network with one hidden layer is trained 

and cross-validated using the baseline data of CHARLS. Detailed information about the 

neural network will be addressed below. Trend of prevalence, awareness and treatment 
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rates is then analysed using approaches of a cohort study, considering the impact of 

rural-urban difference and other influential factors.  

The neural network used was trained and tested with baseline data of CHARLS, using R 

package “neuralnet” (URL: https://cran.r-

project.org/web/packages/neuralnet/neuralnet.pdf, created by author Stefan F., et al.) on 

the platform of RStudio (Version 1.0.44, RStudio, Inc.), and was used to give 

predictions on the prevalence of dyslipidaemia in follow-up surveys.“Neuralnet” used 

resilient back-propagation with weight backtracking as learning algorithm with 

maximum iterations of 106 and threshold of 0.01 for converge. The input layer of the 

neural network contained age, BMI, waist circumference, sex, residential type, 

education level, cigarette and alcohol consumption, insurance coverage, self-report of 

having dyslipidaemia or being on treatment of dyslipidaemia. There was one hidden 

layer of the neural network with ten hidden units, and the output layer of the neural 

network contained only one variable indicating the possibility of having dyslipidaemia 

(ranging from 0 to 1). To match the inclusion criteria at baseline, participants with self-

reported diagnosis or treatment of dyslipidaemia were set with an output value of 1. 

Finally, observations with output value ≥0.5 were estimated to have dyslipidaemia, 

while those <0.5 were considered free of dyslipidaemia.  

The network was trained using one quarter of the observations at baseline, and tested 

using the rest three quarters of the observations. The allocation of training set and cross-

validation set was conducted using an allocation sequence of 1, 0, 0, 0 (1 for training set 

and 0 for cross-validation set) according to ID order of the participants. 

 

Ethics approval 

The original CHARLS was approved by the Ethical Review Committee of Peking 

University, and all participants signed informed consent before participation. All data 

collected in CHARS are accessible to researchers around the world at the CHARLS 

project website (URL: http://charls.pku.edu.cn/). [46] 

 

Using the methods introduced in this chapter, the results yielded from the research will 

be presented in the next chapter.  

https://cran.r-project.org/web/packages/neuralnet/neuralnet.pdf
https://cran.r-project.org/web/packages/neuralnet/neuralnet.pdf
http://charls.pku.edu.cn/
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Chapter 4 Results 

This chapter will present the output from this Master of Research project, and is divided 

into two sections: the first part is the results of a cross-sectional study of the CHARLS 

baseline data which provided all the information including the blood test results, mainly 

to give an overall picture of the dyslipidaemia epidemic in China covering the aspects of 

prevalence, awareness, treatment and control rates and a brief analysis of risk factors; 

the second part is the results of the cohort study utilizing the data from the baseline and 

two follow-ups of CHARLS, to illustrate the changes in dyslipidaemia epidemic by 

time, and also provide less-biased deep analysis of the influential factors of the 

prevalence, awareness and control of dyslipidaemia. 

4.1 Cross-sectional analysis of CHARLS baseline data 

4.1.1 Participants 

General physical, biochemical and socioeconomic characteristics of the participants 

according to their residential type are shown in the table below (Table 4.1). Unless 

otherwise stated, the results in Table 4.1 represented “Number (%)”. 

Table 4.1 General characteristics of the selected participants at baseline 

 Rural (n = 5872) Urban (n = 3125) Overall (n = 8997) 

Sex    

  Male 2786 (47.5) 1406 (45.0) 4192 (46.6) 

  Female 3086 (52.5) 1719 (55.0) 4805 (53.4) 

Age (years) (Median±IQR) 60 ±14 59±14 60±13 

  45-54 1676 (28.5) 934 (29.9) 2610 (29.0) 

  55-64 2325 (39.6) 1262 (40.4) 3587 (39.9) 

  65-74 1340 (22.8) 655 (21.0) 1995 (22.2) 

  75- 531 (9.0) 274 (8.8) 805 (9.0) 

    

Smoking    

  Non-smoker 3474 (59.2) 1965 (62.9) 5439 (60.5) 

  Ex-smoker 509 (8.7) 301 (9.6) 810 (9.0) 

  Current smoker 1889 (32.2) 859 (27.5) 2748 (30.5) 

Alcohol consumption    

  No 3919 (66.7) 2145 (68.6) 6064 (67.4) 

  Yes 1953 (33.3) 980 (31.4) 2933 (32.6) 

Health insurance covered    

  No 274 (4.7) 236 (7.6) 510 (5.7) 

  Yes 5598 (95.3) 2889 (92.5) 8487 (94.3) 

Education level    

  Illiterate 2025 (34.5) 577 (18.5) 2602 (28.9) 

  Primary 2516 (42.8) 1209 (38.7) 3722 (41.4) 

  Secondary 990 (16.9) 811 (25.9) 1801 (20.0) 

  High school or higher 344 (5.9) 528 (16.9) 872 (9.7) 

    

Height (cm) (Mean±SD) 157.5±8.6 158.7±8.4 157.9±8.5 

Weight (kg) (Mean±SD) 57.4±11.1 61.3±11.9 58.8±11.5 

BMI (kg/m2) (Mean±SD) 23.1±3.8 24.3±4.0 23.5±3.9 
Waist circumference (cm) 

(Mean±SD) 

84.2±9.9 87.5±10.0 85.3±10.1 
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Obesity by BMI    

  Underweight 337 (5.7) 93 (3.0) 430 (4.8) 

  Normal 3404 (58.0) 1489 (47.7) 4893 (54.4) 

  Overweight 1572 (26.8) 1077 (34.5) 2649 (29.4) 

  Obese 559 (9.5) 466 (14.9) 1025 (11.4) 

Central obesity    

  Normal 2674 (45.5) 971 (31.1) 3645 (40.5) 

  Pre-obese 990 (16.9) 549 (17.6) 1539 (17.1) 

  Obese 2208 (37.6) 1605 (51.4) 3813 (42.4) 

    

TC (mg/dL) (Mean±SD) 193.1±38.4 194.4±38.6 193.5±38.5 

LDL-C (mg/dL) (Mean±SD) 115.9±34.8 117.5±35.7 116.5±35.1 

HDL-C (mg/dL) (Mean±SD) 52.5±15.5 48.9±14.7 51.2±15.3 

TG (mg/dL) (Mean±SD) 127.0±92.2 140.4±102.8 131.7±96.2 

4.1.2 Prevalence 

Table 4.2 below presents the prevalence of dyslipidaemia as well as high TC, high LDL-

C, low HDL-C and high TG separately according to the residential type and other 

factors.  

Table 4.2 Prevalence of dyslipidaemia at baseline 

 Number (%) 

 Dyslipidaemia High TC High LDL-C Low HDL-C High TG 

Overall 3857 (42.9) 1023 (11.4) 946 (10.5) 2159 (24.0) 1279 (14.2) 

Residential type      

  Rural 2338 (39.8) 660 (11.2) 587 (10.0) 1240 (21.1) 750 (12.8) 

  Urban 1519 (48.6) 363 (11.6) 359 (11.5) 919 (29.4) 529 (16.9) 

Age group(years)      

  45-54 1065 (40.8) 250 (9.6) 214 (8.2) 861 (24.0) 533 (14.9) 

  55-64 1619 (45.1) 450 (12.5) 421 (11.7) 861 (24.0) 533 (14.9) 

  65-74 845 (42.4) 223 (11.2) 215 (10.8) 471 (23.6) 247 (12.4) 

  75- 328 (40.7) 100 (12.4) 96 (11.9) 172 (21.4) 89 (9.7) 

Sex      

  Male 1760 (42.0) 352 (8.4) 329 (7.8) 1135 (27.1) 534 (12.7) 

  Female 2097 (43.6) 671 (14.0) 617 (12.8) 1024 (21.3) 745 (15.5) 

Education      

  Illiterate 1080 (41.5) 352 (13.5) 331 (12.7) 528 (20.3) 342 (13.1) 

  Primary 1566 (42.1) 412 (11.1) 373 (10.0) 894 (24.0) 528 (14.2) 

  Secondary 796 (44.2) 187 (10.4) 161 (8.9) 490 (27.2) 272 (15.1) 

  High school or higher 415 (47.6) 72 (8.3) 81 (9.3) 247 (28.3) 137 (15.7) 

Smoking      

  Non-smoker 2355 (43.3) 689 (12.7) 649 (11.9) 1212 (22.3) 811 (14.9) 

  Ex-smoker 399 (49.3) 96 (11.9) 87 (10.7) 259 (32.0) 127 (15.7) 

  Current smoker 1103 (40.1) 238 (8.7) 210 (7.6) 688 (25.0) 341 (12.4) 

Alcohol consumption      

  No 2716 (44.8) 733 (12.1) 700 (11.5) 1501 (24.8) 879 (14.5) 

  Yes 1141 (38.9) 290 (9.9) 246 (8.4) 658 (22.4) 400 (13.6) 

Health insurance 

covered 

     

  No 203 (39.8) 51 (10.0) 39 (7.6) 128 (25.1) 59 (11.6) 

  Yes 3654 (43.1) 972 (11.5) 907 (10.7) 2031 (23.9) 1220 (14.4) 

Obesity by BMI      

  Underweight 102 (23.7) 40 (9.3) 34 (7.9) 39 (9.1) 20 (4.7) 

  Normal 1679 (34.3) 491 (10.0) 450 (9.2) 877 (17.9) 456 (9.3) 
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  Overweight 1402 (52.9) 339 (12.8) 332 (12.5) 821 (31.0) 518 (19.6) 

  Obese 674 (65.8) 153 (14.9) 130 (12.7) 422 (41.2) 285 (27.8) 

Central obesity      

  Normal 1050 (28.8) 312 (8.6) 279 (7.7) 509 (14.0) 245 (6.7) 

  Pre-obese 645 (41.9) 177 (11.5) 168 (10.9) 358 (23.3) 208 (13.5) 

  Obese 3857 (56.7) 534 (14.0) 499 (13.1) 1292 (33.9) 826 (21.7) 

Using the data in Table 4.2, the crude prevalence of dyslipidaemia was 42.9% (95%CI: 

41.8, 43.9%). It could be observed from Table 4.2 that urban participants (48.6%, 

95%CI: 46.9, 50.4%) had 8 percent points higher prevalence of dyslipidaemia compared 

to rural participants (39.8%, 95%CI: 38.6, 41.1%), primarily contributed by 

significantly higher prevalence in low HDL-C and high TG, rather than differences in 

the prevalence of high TC or high LDL-C.  

CHARLS also provided sample weight for each individual in order to better represent 

the Chinese population and corrections for non-response and missing values. Detailed 

construction methods of the weighing factors were illustrated in the CHARLS users’ 

guide. [52] After applying the weights to adjust for non-response and missing values, 

the rural-urban difference in prevalence of dyslipidaemia was shown below. (Table 4.3) 

Table 4.3 Rural-urban difference in prevalence of dyslipidaemia 

(weighted) 

 Prevalence (%, 95%CI) 

 Rural Urban Overall 

Dyslipidaemia 40.0 (38.7, 41.2) 49.6 (47.8, 51.3) 43.8 (42.8, 44.8) 

High TC 11.2 (10.4, 12.0) 10.6 (9.6, 11.7) 11.0 (10.3, 11.6) 

High LDL-C 10.0 (9.2, 10.8) 10.6 (9.5, 11.7) 10.2 (9.6, 10.8) 

Low HDL-C 21.6 (20.6, 22.7) 31.6 (30.0, 33.2) 25.6 (24.7, 26.5) 

High TG 12.7 (11.9, 13.6) 17.5 (16.2, 18.8) 14.6 (13.9, 15.4) 

 

It could be observed that the crude and weighted prevalence was not much different, 

and both suggested that while the overall prevalence of dyslipidaemia was already high 

a much higher prevalence of dyslipidaemia existed in urban areas, probably attributed to 

the high prevalence of low HDL-C and high TG in urban areas. 

4.1.3 Awareness, treatment and control 

Table 4.4 below presented awareness, treatment and control rates of dyslipidaemia 

according to residential type and other risk factors. 

Table 4.4 Awareness, treatment and control of dyslipidaemia at baseline 

 Number (%) 

 Awareness Treatment Control 

Overall 852 (22.1) 492 (12.8) 207 (5.4) 

Residential type    

  Rural 462 (19.8) 265 (11.3) 129 (5.5) 

  Urban 390 (25.7) 227 (14.9) 78 (5.1) 

Age group(years)    

  45-54 196 (18.4) 98 (9.2) 42 (3.9) 

  55-64 381 (23.5) 240 (14.8) 111 (6.9) 
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  65-74 217 (25.7) 122 (14.4) 44 (5.2) 

  75- 58 (17.7) 32 (9.8) 10 (3.0) 

Sex    

  Male 359 (20.4) 204 (11.6) 84 (4.8) 

  Female 493 (23.5) 288 (13.7) 123 (5.4) 

Education    

  Illiterate 201 (18.6) 120 (11.9) 54 (5.0) 

  Primary 339 (21.6) 202 (12.9) 85 (5.4) 

  Secondary 179 (22.5) 95 (11.9) 42 (5.3) 

  High school or higher 133 (32.0) 67 (16.1) 26 (6.3) 

Smoking    

  Non-smoker 560 (23.9) 321 (13.6) 135 (5.7) 

  Ex-smoker 101 (25.3) 492 (12.8) 207 (5.4) 

  Current smoker 191 (17.3) 109 (9.9) 55 (5.0) 

Alcohol consumption    

  No 607 (22.3) 374 (13.8) 155 (5.7) 

  Yes 245 (21.5) 118 (10.3) 52 (4.6) 

Health insurance covered    

  No 33 (16.3) 20 (9.9) 7 (3.4) 

  Yes 819 (22.4) 472 (12.9) 200 (5.5) 

Obesity by BMI    

  Underweight 10 (9.8) 4 (3.9) 3 (2.9) 

  Normal 267 (15.9) 141 (8.4) 76 (4.5) 

  Overweight 338 (24.1) 199 (14.2) 88 (6.3) 

  Obese 237 (35.2) 148 (22.0) 40 (5.9) 

Central obesity    

  Normal 149 (14.2) 71 (6.8) 48 (4.6) 

  Pre-obese 118 (18.3) 64 (9.9) 36 (5.6) 

  Obese 585 (27.1) 357 (16.5) 123 (5.7) 

 

The crude awareness rate of dyslipidaemia was 22.1% (95%CI: 20.8, 23.4%). 

Significant difference was detected between rural (19.8%, 95%CI: 18.1, 21.4%) and 

urban (25.7%, 95%CI: 23.5, 27.9%) participants.  

The crude treatment rate of dyslipidaemia was 12.8% (95%CI: 11.7, 13.8%), while for 

rural participants the rate was 11.3% (95%CI: 10.0, 12.6%), and for urban participants 

14.9% (95%CI: 13.1, 16.7%), which was a statistically significant difference. Among 

those on treatment of dyslipidaemia, 21.1% (95%CI: 17.5, 24.8%) were taking 

traditional Chinese medicine, 85.6% (95%CI: 82.5, 88.7%) were taking modern Western 

medicine, while 11.8% (95%CI: 8.9, 14.6%) were on other kinds of treatment other than 

taking medicine. There was no statistically significant difference between rural and 

urban participants in terms of the type of medications they relied on to treat 

dyslipidaemia. 

The crude control rate of dyslipidaemia among those having dyslipidaemia was 5.2% 

(95%CI: 4.4-6.0%). No significant difference was detected between rural (5.4%, 

95%CI: 4.4-6.5%) and urban (4.8%, 95%CI: 3.6-6.1%) participants. 

Same as Table 4.3, the weighted awareness, treatment and control rates of dyslipidaemia 

according to residential type were displayed in the Table 4.5 below. 
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Table 4.5 Rural-urban difference in awareness, treatment and control of 

dyslipidaemia (weighted) 

 Awareness (%, 95%CI) Treatment (%, 95%CI) Control (%, 95%CI) 

Overall 22.7 (20.9, 24.6) 13.5 (11.7, 15.2) 5.1 (4.3, 5.8) 

Rural 19.5 (17.7, 21.2) 11.0 (9.7, 12.4) 5.4 (4.4, 6.4) 

Urban 26.8 (23.2, 30.3) 16.4 (13.0, 19.8) 4.7 (3.5, 5.9) 

 

Compared with the results in Table 4.4, there were few differences between the crude 

and weighted rates. Significantly higher awareness and treatment rates were detected in 

urban areas, while a slightly but not significantly higher treatment rate was detected in 

rural areas.  

To have a more intuitive presentation of all the weighted results above, a bar chart 

below presented the weighted prevalence, awareness, treatment and control rates of 

dyslipidaemia in this study according to residential type. (Figure 4.1).  
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Weighted 

Figure 4.1 Prevalence, awareness, treatment and control rate of dyslipidaemia 

(unweighted and weighted)* 

*The denominator for prevalence was the total number of participants, while for 

awareness, treatment and control rate it was the number of participants having 

dyslipidaemia. 

4.1.4 Regression analysis on risk factors 

Multivariate logistic regression adjusted for all other risk factors was applied to assess 

the effect of rural-urban difference as well as other risk factors on the prevalence, 

awareness, treatment and control of dyslipidaemia in the participants. Results are shown 

below in Table 4.6.  

Table 4.6 Logistic regression of prevalence, awareness, treatment and 

control of dyslipidaemia on risk factors 

 Adjusted OR (95%CI) 

 Prevalence Awareness Treatment Control 

Residential type     

  Rural 1 1 1 1 

  Urban 1.19 (1.08, 1.31)* 1.11 (0.94, 1.31) 1.14 (0.93, 1.40) 0.84 (0.62, 1.13) 

Age (years) 1.01 (1.00, 1.01)* 1.02 (1.01, 1.03)* 1.02 (1.00, 1.03)* 1.01 (0.99, 1.03) 

Sex     

  Male 1 1 1 1 

  Female 0.99 (0.87, 1.13) 1.26 (1.00, 1.58)* 1.12 (0.85, 1.48) 1.23 (0.81, 1.86) 

Education     

  Illiterate 1 1 1 1 
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  Primary 1.00 (0.89, 1.12) 1.41 (1.14, 1.75)* 1.23 (0.95, 1.59) 1.26 (0.87, 1.84) 

  Secondary 1.01 (0.88, 1.17) 1.58 (1.21, 2.05)* 1.17 (0.84, 1.63) 1.31 (0.82, 2.11) 

  High school or higher 1.15 (0.96, 1.37) 2.49 (1.85, 3.36)* 1.62 (1.12, 2.34)* 1.63 (0.95, 2.80) 

Smoking     

  Non-smoker 1 1 1 1 

  Ex-smoker 1.29 (1.08, 1.54)* 0.99 (0.74, 1.32) 1.12 (0.79, 1.59) 0.80 (0.45, 1.44) 

  Current smoker 1.15(1.01, 1.32)* 0.77 (0.61, 0.97)* 0.89 (0.66, 1.19) 1.05 (0.69, 1.59) 

Alcohol consumption     

  No 1 1 1 1 

  Yes 0.76 (0.68, 0.85)* 1.10 (0.90, 1.34) 0.77 (0.60, 1.00)* 0.85 (0.59, 1.22) 

Health insurance covered     

  No 1 1 1 1 

  Yes 1.19 (0.98, 1.44) 1.57 (1.06, 2.32)* 1.45 (0.90, 2.34) 1.60 (0.74, 3.45) 

BMI (kg/m2) 1.05 (1.03, 1.08)* 1.09 (1.06, 1.13)* 1.07 (1.03, 1.10)* 1.05 (1.01, 1.09)* 

Waist circumference (cm) 1.04 (1.04, 1.05)* 1.01 (1.00, 1.02) 1.03 (1.02, 1.04)* 1.00 (0.98, 1.02) 

*: Statistically significant  

The results of multivariate logistic regression provided rich information about the 

epidemics of dyslipidaemia at CHARLS baseline. It was estimated that the OR of 

having dyslipidaemia was significantly larger for urban residents against rural people. 

Besides, age (being elder), smoking status (current or ex-smoker), no alcohol 

consumption and obesity (increase in BMI or waist circumference) also had positive 

association with prevalence of dyslipidaemia. BMI and waist circumference were both 

included in the logistic regression model as neither of them could be omitted without 

creating significant changes in the predictions according to likelihood ratio test (p-value 

< 0.001). Residential type was not a significant predictor of awareness, treatment and 

control rates of dyslipidaemia after adjustment, despite the significant rural-urban 

difference in absolute rates of awareness and treatment. However, increase in age was a 

predictor for prevalence, awareness and treatment rate of dyslipidaemia although the 

ORs were close to 1. Females performed better than males in terms of awareness of 

dyslipidaemia and the difference was statistically significant.  People having higher 

levels of education were more likely to be aware of having dyslipidaemia, and perhaps 

more likely to take medications to treat dyslipidaemia. Current smokers were less likely 

to be aware of having dyslipidaemia, while those consumed alcohol regularly were less 

likely to have their dyslipidaemia treated. People with elevated BMI were more likely to 

be aware and take medication, while enlarged waist circumference was found to be 

significantly associated with treatment rather than awareness.  No significant predictors, 

except BMI which might not be a directly causal factor, were found associated with the 

control rate of dyslipidaemia according to the adjusted logistic regression model. 

4.2 Neural network building 

One artificial neural network was built using R package “neuralnet” (Stefan Fritsch, et 

al.) via resilient backpropagation with weight backtracking using the methodology 

described above in section 3.2.2., trained using 25% of the 6,809 observations at 

baseline (selected by allocation sequence 1,0,0,0) and tested using the same training set 

and the rest 75% observations as cross-validation set. Figure 4.2 below illustrates the 

neural network intuitively. 
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Figure 4.2 Illustration of the neural network 

The accuracy of prediction was 70.9% in the training set with predicted prevalence of 

34.4% (expected prevalence in training set: 42.9%), and was 65.1% in the cross-

validation set with predicted prevalence of 34.9% (expected prevalence in cross-

validation set: 42.1%). The model worked consistently from the training set to the cross-

validation set, but it was likely to underestimate the prevalence of dyslipidaemia, as 

over 60% of inaccurate predictions were false negatives. 

Based on this trained neural network, the prevalence of dyslipidaemia in wave 2 (2013) 

and wave 3 (2015) could be estimated even without available blood test data. However, 

according to the test results of the trained neural network, the prevalence of 

dyslipidaemia is likely to be underestimated. More detailed discussion about the 

appraisal of this neural network will be addressed in the next chapter (section 5.2.1). 

4.3 Cohort analysis of CHARLS data 

4.3.1 Participants 

After excluding 383 deaths, 2,890 loss to follow-ups and 1,651 observations with 

missing values across the three waves, 4,073 participants were included in the cohort 

analysis. To investigate the selection bias for this inclusion procedure, Table 4.7 below 

presents the general characteristics, as well as the prevalence, awareness, treatment and 

control rates of dyslipidaemia, between participants included in the cohort analysis and 

those who were excluded due to lost follow-up or missing values. 

Table 4.7 Difference between participants included in cohort analysis and 

those excluded 

 
Included 

(n = 4073) 

Excluded 

(n = 4924) 

p-value 

Sex    

  Male 1953 (47.9) 2239 (45.5)  

  Female 2120 (52.1) 2685 (54.5) 0.019 

    

Age (years) (Median±IQR) 59±12 60±15 <0.001 
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  45-54 1257 (30.9) 1353 (27.5)  

  55-64 1771 (43.5) 1816 (36.9)  

  65-74 866 (21.3) 1129 (22.9)  

  75- 179 (4.4) 626 (12.7) <0.001 

    

Residential type    

  Rural 2824 (69.3) 3048 (61.9)  

  Urban 1249 (30.7) 1876 (38.1) <0.001 

    

Smoking    

  Non-smoker 2461 (60.4) 2978 (60.5)  

  Ex-smoker/Quit after last wave 366 (9.0) 444 (9.0)  

  Current smoker 1246 (30.6) 1502 (30.5) 0.995 

Alcohol consumption    

  No 2729 (67.0) 3335 (67.7)  

  Yes 1344 (33.0) 1589 (32.3) 0.464 

Health insurance covered    

  No 157 (3.9) 353 (7.2)  

  Yes 3916 (96.1) 4571 (92.8) <0.001 

Education level    

  Illiterate 1017 (25.0) 1585 (32.2)  

  Primary 1770 (43.5) 1952 (39.6)  

  Secondary 876 (21.2) 925 (18.8)  

  High school or higher 410 (10.1) 462 (9.4) <0.001 

    

Height (cm) (Mean±SD) 158.5±8.4 157.5±8.6 <0.001 

Weight (kg) (Mean±SD) 59.7±11.2 58.1±11.7 <0.001 

BMI (kg/m2) (Mean±SD) 23.7±3.9 23.3±3.9 <0.001 

Waist circumference (cm) 

(Mean±SD) 

85.6±9.9 85.1±10.2 0.043 

    

Obesity by BMI    

  Underweight 156 (3.8) 274 (5.6)  

  Normal 2169 (53.4) 2724 (55.3)  

  Overweight 1254 (30.8) 1395 (28.3)  

  Obese 494 (12.1) 531 (10.8) <0.001 

    

Central obesity    

  Normal 1597 (39.2) 2048 (41.6)  

  Pre-obese 696 (17.1) 843 (17.1)  

  Obese 1780 (43.7) 2033 (41.3) 0.045 

    

TC (mg/dL) (Mean±SD) 193.3±37.1 193.7±39.5 0.599 

LDL-C (mg/dL) (Mean±SD) 116.1±33.9 116.8±36.1 0.396 

HDL-C (mg/dL) (Mean±SD) 51.1±15.3 51.3±15.3 0.534 

TG (mg/dL) (Mean±SD) 132.2±98.3 131.2±94.5 0.609 

    

Dyslipidaemia    

  Prevalence (95%CI) 42.8 (41.3, 44.3) 42.9 (41.5, 44.3) 0.929 

  Awareness (95%CI) 22.6 (20.7, 24.6) 21.6 (19.9, 23.4) 0.447 

  Treatment (95%CI) 12.5 (10.9, 14.1) 13.0 (11.5, 14.4) 0.665 

  Control (95%CI) 6.0 (4.9, 7.1) 4.9 (4.0, 5.8) 0.135 

 

According to Table 4.7, elder age, urban residence, no coverage of health insurance, 

lower education level, as well as lower height, lower weight and lower BMI were 

positively associated with attrition in this cohort. However, no significant difference in 
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gender composition and lifestyle behaviours was detected, as well as prevalence, 

awareness, treatment and control rates of dyslipidaemia. The difference in age could be 

largely attributed to death during the follow-up period, therefore having effect on the 

average value of physical examination results. Besides, although the differences were 

statistically significant, which were largely due to the relatively large sample size, there 

were no differences large enough to have clinical significance between these two groups 

when looking at the values of the variables. Therefore, it could be assumed that there 

was no large difference between the participants included in this cohort analysis and 

those lost during the follow-ups, making the included participants representative for the 

whole cohort. 

General physical, biochemical and socioeconomic characteristics of the selected cohort 

according to their residential type are shown in the table below. (Table 4.8) Unless 

otherwise stated, the results in Table 4.8 represented “Number (%)”. Laboratory test 

results of blood lipids are not available for wave 2 (2013) and wave 3 (2015). 
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Table 4.8 General characteristics of the cohort 

 Rural (n=2824) Urban (n=1249) Overall (n=4073) 

 2011 2013 2015 2011 2013 2015 2011 2013 2015 

Sex          

  Male 1373 (48.6) 1373 (48.6) 1373 (48.6) 581 (46.5) 581 (46.5) 581 (46.5) 1954 (48.0) 1954 (48.0) 1954 (48.0) 

  Female 1451 (51.4) 1451 (51.4) 1451 (51.4) 668 (53.5) 668 (53.5) 668 (53.5) 2119 (52.0) 2119 (52.0) 2119 (52.0) 

          

Age (years) (Median±IQR) 59±12 61±12 63±12 58±12 60±12 62±12 59±12 61±12 63±12 

  45-54 858 (30.4) 677 (24.0) 534 (18.9) 399 (32.0) 320 (25.6) 256 (20.5) 1257 (30.9) 997 (24.5) 790 (19.4) 

  55-64 1225 (43.4) 1183 (41.9) 1108 (39.2) 545 (43.6) 542 (43.4) 498 (39.9) 1770 (43.5) 1725 (42.4) 1606 (39.4) 

  65-74 616 (21.8) 772 (27.3) 882 (31.2) 251 (20.1) 300 (24.0) 377 (30.2) 867 (21.3) 1072 (26.3) 1259 (30.9) 

  75- 125 (4.4) 192 (6.8) 300 (10.6) 54 (4.3) 87 (7.0) 118 (9.5) 179 (4.4) 279 (6.9) 418 (10.3) 

          

Smoking          

  Non-smoker 1669 (59.1) 1587 (56.2) 1632 (57.8) 791 (63.3) 756 (60.5) 775 (62.1) 2460 (60.4) 2343 (57.5) 2407 (59.1) 

  Ex-smoker/Quit after last wave 252 (8.9) 165 (5.8) 246 (8.7) 114 (9.1) 79 (6.3) 115 (9.2) 366 (9.0) 244 (6.0) 1305 (32.0) 

  Current smoker 903 (32.0) 1072 (38.0) 9476 (33.5) 344 (27.5) 414 (33.2) 359 (28.7) 1247 (30.6) 1486 (36.5) 361 (8.9) 

Alcohol consumption          

  No 1868 (66.1) 1883 (66.7) 1896 (67.1) 860 (68.9) 842 (67.4) 854 (68.4) 2728 (67.0) 2725 (66.9) 2750 (67.5) 

  Yes 956 (33.9) 941 (33.3) 928 (32.9) 389 (31.1) 407 (32.6) 395 (31.6) 1345 (33.0) 1348 (33.1) 1323 (32.5) 

Health insurance covered          

  No 93 (3.3) 21 (0.7) 0 (0.0) 64 (5.1) 13 (1.0) 0 (0.0) 157 (3.9) 34 (0.8) 0 (0.0) 

  Yes 2731 (96.7) 2803 (99.3) 2824 (100.0) 1185 (94.9) 1236 (99.0) 1249 (100.0) 3916 (96.1) 4039 (99.2) 4073 (100.0) 

Education level          

  Illiterate 828 (29.3) 849 (30.1) 865 (30.6) 188 (15.0) 212 (17.0) 231 (18.5) 1016 (24.9) 1061 (26.1) 1096 (26.9) 

  Primary 1263 (44.7) 1226 (43.4) 1248 (44.2) 507 (40.6) 497 (39.8) 506 (40.5) 1770 (43.5) 1723 (42.3) 1754 (43.1) 

  Secondary 524 (18.9) 549 (19.4) 524 (18.6) 353 (28.3) 341 (27.3) 313 (25.1) 877 (21.5) 890 (21.9) 837 (20.6) 

  High school or higher 209 (7.4) 200 (7.1) 187 (6.6) 201 (16.1) 199 (15.9) 199 (15.9) 410 (10.1) 399 (9.8) 386 (9.5) 

          

Height (cm) (Mean±SD) 158.3±8.5 158.1±8.5 157.7±9.0 159.0±8.2 158.8±8.1 158.5±8.7 158.5±8.4 158.3±8.4 158.0±8.9 

Weight (kg) (Mean±SD) 58.8±11.3 59.4±11.2 59.0±11.5 61.6±10.8 61.9±10.6 61.9±12.3 59.7±11.2 60.2±11.1 59.9±11.8 

BMI (kg/m2) (Mean±SD) 23.4±4.0 23.7±4.1 23.8±4.8 24.3±3.6 24.5±3.5 24.7±3.5 23.7±3.9 24.0±3.9 24.1±4.2 

Waist circumference (cm) 

(Mean±SD) 

84.7±9.9 86.4±10.2 85.5±10.5 87.5±9.7 88.9±9.7 88.1±10.5 85.6±9.9 87.2±10.1 86.3±10.6 
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Obesity by BMI          

  Underweight 124 (4.4) 118 (4.2) 137 (4.9) 32 (2.6) 29 (2.3) 42 (3.4) 156 (3.8) 147 (3.6) 179 (4.4) 

  Normal 1587 (56.2) 1498 (53.1) 1483 (52.5) 583 (46.7) 558 (44.7) 538 (43.1) 2170 (53.3) 2056 (50.5) 2021 (49.6) 

  Overweight 798 (28.3) 851 (30.1) 876 (31.0) 455 (36.4) 464 (37.2) 477 (38.2) 1253 (30.8) 1315 (32.3) 1353 (33.2) 

  Obese 315 (11.2) 357 (12.6) 328 (11.6) 179 (14.3) 198 (15.9) 192 (15.4) 494 (12.1) 555 (13.6) 520 (12.8) 

          

Central obesity          

  Normal 1227 (43.5) 1000 (35.4) 1123 (39.8) 371 (29.7) 298 (23.9) 360 (28.8) 1598 (39.2) 1298 (31.9) 1483 (36.4) 

  Pre-obese 470 (16.6) 505 (17.9) 475 (16.8) 226 (18.1) 227 (18.2) 192 (15.4) 696 (17.1) 732 (18.0) 667 (16.4) 

  Obese 1127 (39.9) 1319 (46.7) 1226 (43.4) 652 (52.2) 724 (58.0) 697 (55.8) 1779 (43.7) 2043 (50.2) 1923 (47.2) 

          

TC (mg/dL) (Mean±SD) 193.1±37.5 NA NA 193.8±36.4 NA NA 193.3±37.1 NA NA 

LDL-C (mg/dL) (Mean±SD) 116.0±34.1 NA NA 116.4±33.5 NA NA 116.1±33.9 NA NA 

HDL-C (mg/dL) (Mean±SD) 52.2±15.5 NA NA 48.7±14.8 NA NA 51.1±15.3 NA NA 

TG (mg/dL) (Mean±SD) 127.8±93.1 NA NA 142.3±108.4 NA NA 132.2±98.3 NA NA 
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4.3.2 Changes in prevalence, awareness and treatment rate 

Due to lack of laboratory test data of blood lipids in wave 2 and 3, it is unavailable to 

calculate the control rate of dyslipidaemia in wave 2 and 3. Thus only prevalence, awareness 

and treatment rates are compared here among different waves. Furthermore, as the prevalence 

of dyslipidaemia in wave 2 and 3 can only be estimated, two models are applied here: 

 Model 1: using prevalence of dyslipidaemia at baseline to represent prevalence in 

wave 2 and 3 (i.e. participants having dyslipidaemia at baseline are firstly considered 

having dyslipidaemia in wave 2 and 3). For participants who did not have 

dyslipidaemia at baseline but claimed to have dyslipidaemia or on treatment in wave 2 

or 3 are considered having dyslipidaemia in wave 2 or 3. For participants who were 

aware of dyslipidaemia at baseline but claimed to be free of dyslipidaemia and not on 

treatment in wave 2 or 3 are considered not having dyslipidaemia in wave 2 or 3. 

 Model 2: using the trained neural network based on the cross-sectional study at 

baseline to estimate individual’s condition of having dyslipidaemia. Participants who 

claimed to have or on treatment of dyslipidaemia in wave 2 or 3 are also considered 

having dyslipidaemia. 

The (estimated) prevalence, awareness and treatment rates of dyslipidaemia in the cohort 

according to residential type are presented below. (Table 4.9)
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Table 4.9 Prevalence, awareness and treatment of dyslipidaemia in the cohort 

 Rural Urban Overall 

 2011 2013 2015 2011 2013 2015 2011 2013 2015 

Model 1 

Prevalence 40.2 

(38.4, 42.0) 

39.9 

(38.1, 41.7) 

40.8 

(39.0, 42.6) 

48.8 

(46.0, 51.5) 

48.1 

(45.3, 50.9) 

49.6 

(46.9, 52.4) 

42.8 

(41.3, 44.3) 

42.4 

(40.9, 43.9) 

43.5 

(42.0, 45.0) 

Awareness 22.4 

(20.0, 24.8) 

27.4 

(14.8, 30.1) 

30.2 

(27.6, 38.9) 

23.2 

(19.8, 26.5) 

30.1 

(26.4, 33.8) 

36.0 

(32.2, 39.8) 

22.6 

(20.7, 24.6) 

28.4 

(26.2, 30.5) 

32.2 

(30.0, 34.4) 

Treatment 11.9 

(10.0, 13.8) 

14.4 

(12.3, 16.4) 

16.5 

(14.3, 18.6) 

13.6 

(10.9, 16.4) 

14.5 

(11.7, 17.3) 

16.9 

(14.0, 19.9) 

12.5 

(10.9, 14.1) 

14.4 

(12.8, 16.1) 

16.6 

(14.9, 18.4) 

Model 2 

Prevalence 40.2 

(38.4, 42.0) 

39.9 

(38.1, 41.7) 

38.5 

(36.7, 40.3) 

48.8 

(46.0, 51.5) 

55.1 

(42.3, 57.8) 

50.6 

(47.8, 53.4) 

42.8 

(41.3, 44.3) 

44.6 

(43.0, 46.1) 

42.2 

(40.7, 43.7) 

Awareness 22.4 

(20.0, 24.8) 

27.4 

(24.8, 30.0) 

32.0 

(29.2, 34.8) 

23.2 

(19.8, 26.5) 

26.3 

(13.0, 19.6) 

35.3 

(31.6, 39.0) 

22.6 

(20.7, 24.6) 

27.0 

(25.0, 29.0) 

33.2 

(31.0, 35.4) 

Treatment 11.9 

(10.0, 13.8) 

14.4 

(12.3, 16.4) 

17.5 

(15.2, 19.7) 

13.6 

(10.9, 16.4) 

12.6 

(10.2, 15.1) 

16.6 

(13.7, 19.5) 

12.5 

(10.9, 14.1) 

13.7 

(12.1, 15.3) 

17.2 

(15.4, 18.9) 

All numbers in Table 4.9 are percentages (%) followed by 95%CI.
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For a more intuitive purpose, two side-by-side bar charts (representing the results calculated 

using model 1 and model 2 respectively) are shown below (Figure 4.3) to depict the trend of 

prevalence, awareness and treatment rates of dyslipidaemia in rural and urban areas from the 

baseline survey to the 2015 follow-up survey. 

 

Model 1 

 

Model 2 

Figure 4.3 Changes in prevalence, awareness and treatment of dyslipidaemia 
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It is not easy to observe any significant trend for the prevalence of dyslipidaemia among 

these three waves, and because of the prevalence was estimated or represented based on the 

2011 data, there could be unavoidable errors when attempting to describe the trend. However, 

even under the circumstances that the prevalence of dyslipidaemia was not concise, it can be 

observed from Table 4.9 and Figure 4.3 that there is a clear trend of the increase in the 

awareness rate of dyslipidaemia, both in rural areas and in urban areas, no matter which 

model was used for simulation. Despite the possibility that people got aware of dyslipidaemia 

because of the blood test at CHARLS baseline, which only accounted for 7 cases (3.3%) of 

those newly aware of dyslipidaemia across the three waves, contributing to an absolute 

increase in the awareness by 0.2%, the awareness rate was indeed increasing. As for 

treatment rate, there is a significant increase in rural areas through these three waves of study, 

but the change of treatment rate in urban area seems to be not obvious enough compared to 

rural areas. 

4.3.3 Difference between people diagnosed with or without dyslipidaemia at 

baseline 

In order to track the changes in awareness, treatment and other behavioural or physical 

characteristics of the participants, individuals included at baseline were grouped by whether 

they had dyslipidaemia or not in 2011 according to the diagnostic criteria addressed in section 

3.2. Awareness, treatment of dyslipidaemia, and behavioural changes like tobacco and alcohol 

consumption, as well as changes in physical measurement (BMI and obesity) were then 

analysed and presented below. (Table 4.10) 

Table 4.10 Follow-up of participants having or not having dyslipidaemia at 

baseline 

 Having dyslipidaemia at baseline 

(n=1744) 

Not having dyslipidaemia at baseline 

(n=2329) 

 2011 2013 2015 2011 2013 2015 

Self-report       

  Having dyslipidaemia 395 (22.6) 414 (23.7) 445 (25.5) 0 (0.0) 76 (3.3) 126 (5.4) 

  On treatment 218 (12.5) 209 (12.0) 231 (13.2) 0 (0.0) 40 (1.7) 64 (2.7) 

Smoking       

  Non-smoker 1066 (61.1) 1009 (57.9) 1049 (60.2) 1394 (60.0) 1334 (57.3) 1358 (58.3) 

  Ex-smoker/ 

  Quit after last wave 

186 (10.7) 113 (6.5) 182 (10.4) 180 (7.7) 131 (5.6) 179 (7.7) 

  Current smoker 492 (28.2) 622 (35.7) 513 (29.4) 755 (32.4) 864 (37.1) 792 (34.0) 

Alcohol consumption       

  No 1212 (69.5) 1195 (68.5) 1235 (70.8) 1516 (65.1) 1530 (65.7) 1515 (65.0) 

  Yes 532 (30.5) 549 (31.5) 509 (29.2) 813 (34.9) 799 (34.3) 814 (35.0) 

Health insurance coverage       

  No 62 (3.6) 18 (1.0) 0 (0.0) 95 (4.1) 16 (0.7) 0 

  Yes 1682 (96.4) 1726 (99.0) 1744 (100.0) 2234 (95.9) 2313 (99.3) 2329 (100.0) 

BMI (kg/m2) (mean±SD) 24.8±3.9 25.0±3.7 24.8±3.8 22.9±3.7 23.2±3.9 23.5±3.9 

There are some interesting differences between those having dyslipidaemia and not having 

dyslipidaemia at baseline according to the results in Table 4.10. Most important, the 

proportion of participants who self-reported to have dyslipidaemia and on treatment of 

dyslipidaemia gradually increased in both groups (having and not having dyslipidaemia at 

baseline), which not only indicated the increase in the awareness and treatment rate of 
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dyslipidaemia, but also showed that new cases were emerging in this cohort, so the 

prevalence of dyslipidaemia among the population might be increasing as well.  

4.3.4 Cohort analysis of dyslipidaemia incidence and its risk factors 

In this part of analysis, only participants who were classified as not having dyslipidaemia 

(disease-free) at baseline were included in the cohort analysis for follow-ups, in order to have 

a better understanding of risk factors of dyslipidaemia. (Table 4.11) In this setting, 2,329 

participants were included for analysis, and if they reported having dyslipidaemia or taking 

anti-dyslipidaemia medications in any of the follow-up surveys, they were considered as 

having developed dyslipidaemia during the period of observation. 181 participants in total 

were classified as having developed dyslipidaemia during follow-ups, and the incidence of 

dyslipidaemia over 4 years (from 2011 to 2015) was 7.77 per 100 people. Risk factors were 

considered using the characteristics at baseline. Unless otherwise stated, the numbers in the 

table represent “number (incidence of dyslipidaemia in the subgroup, per 100 people)”. 

Table 4.11 Development of dyslipidaemia in CHARLS follow-ups 

 Dyslipidaemia 

(n=181) 

No dyslipidaemia 

(n=2148) 

Incidence per 100 

people (95%CI) 

P-value 

Sex     

  Male 73 1064 6.4 (5.0, 7.8)  

  Female 108 1084 9.1 (7.4, 10.7) 0.017* 

     

Age (years) (Median±IQR) 57±13 59±13  0.193 

  45-54 65 686 8.7 (6.6, 10.7)  

  55-64 73 895 7.5 (5.9, 9.2)  

  65-74 37 478 7.2 (5.0, 9.4)  

  75- 6 89 6.3 (1.4, 11.2) 0.701 

     

Residential type     

  Rural 123 1566 7.3 (6.0, 8.5)  

  Urban 58 582 9.1 (6.8, 11.3) 0.152 

     

Smoking     

  Non-smoker 117 1277 8.4 (6.9, 9.8)  

  Ex-smoker/Quit after last wave 14 166 7.8 (3.9, 11.7)  

  Current smoker 50 705 6.6 (4.8, 8.4) 0.343 

Alcohol consumption     

  No 128 1388 8.4 (7.0, 9.8)  

  Yes 53 760 6.5 (4.8, 8.2) 0.098 

Health insurance covered     

  No 10 85 10.5 (4.3, 16.7)  

  Yes 171 2063 7.7 (6.6, 8.8) 0.306 

Education level     

  Illiterate 42 548 7.1 (5.0, 9.2)  

  Primary 72 947 7.1 (5.5, 8.6)  

  Secondary 44 443 9.0 (6.5, 11.6)  

  High school or higher 23 210 9.9 (6.0, 13.7) 0.311 

     

BMI (kg/m2) (Mean±SD) 24.3±3.3 22.7±3.6  <0.001* 

Waist circumference (cm) 
(Mean±SD) 

87.3±9.7 82.9±9.2  <0.001* 
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Obesity by BMI     

  Underweight 2 121 1.6 (0.0, 3.9)  

  Normal 81 1364 5.6 (4.4, 6.8)  

  Overweight 74 517 12.5 (9.8, 15.2)  

  Obese 24 146 14.1 (8.9, 19.4) <0.001* 

     

Central obesity     

  Normal 53 1085 4.7 (3.4, 5.9)  

  Pre-obese 32 389 7.6 (5.1, 10.1)  

  Obese 96 674 12.5 (10.1, 14.8) <0.001* 

*Statistically significant difference presents between/among subgroups. 

According to Table 4.11, the major factors which resulted in significant difference of 

dyslipidaemia incidence between/among subgroups were sex and obesity (measured either by 

BMI or waist circumference). The incidence of dyslipidaemia for female participants was 

significantly higher than that for male participants, and people with increased BMI or waist 

circumference were more likely to develop dyslipidaemia during the observation. Other 

factors, like residential type, alcohol consumption and education level seemed to have certain 

trend for difference in dyslipidaemia incidence among their subgroups, and these factors were 

considered by practitioners as well, but the difference was not statistically significant here so 

they might not be a crucial factor in terms of directly causality. 

To have a quantitative presentation of the association between different risk factors and the 

incidence of dyslipidaemia, as well as to minimize the effect of interaction among risk 

factors, both a univariate and a multivariate (adjusted for all factors included) logistic 

regression model was applied to investigate the contribution of different risk factors to the 

development of dyslipidaemia in this cohort. (Table 4.12) Some variables were omitted due 

to collinearity, for example age group was omitted as age had already been used as a 

continuous variable and obesity by BMI or central obesity was omitted due to the usage of 

BMI or waist circumference as continuous variables in the model.  

Table 4.12 Logistic regression analysis of dyslipidaemia incidence on different 

risk factors in the cohort 

 Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Sex   

  Male 1 1 

  Female 1.45 (1.07, 1.98)* 1.66 (0.99, 2.79) 

   

Age (years) 0.99 (0.97, 1.01) 1.00 (0.98, 1.02) 

   

Residential type   

  Rural 1 1 

  Urban 1.27 (0.92, 1.76) 1.04 (0.74, 1.46) 

   

Smoking   

  Non-smoker 1 1 

  Ex-smoker/Quit after last wave 0.92 (0.52, 1.64) 1.33 (0.67, 2.65) 

  Current smoker 0.77 (0.55, 1.09) 1.35 (0.82, 2.24) 

Alcohol consumption   

  No 1 1 

  Yes 0.76 (0.54, 1.05) 0.84 (0.56, 1.25) 
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Health insurance covered   

  No 1 1 

  Yes 0.70 (0.36, 1.38) 0.73 (0.37, 1.45) 

Education level   

  Illiterate 1 1 

  Primary 0.99 (0.67, 1.47) 1.10 (0.72, 1.67) 

  Secondary 1.30 (0.84, 2.01) 1.40 (0.86, 2.29) 

  High school or higher 1.43 (0.84, 2.43) 1.67 (0.92, 3.05) 

   

BMI (kg/m2) 1.10 (1.06, 1.14)* 1.02 (0.97, 1.08) 

Waist circumference (cm) 1.05 (1.03, 1.07)* 1.04 (1.02, 1.07)* 

*Statistically significant. 

It can be found from the results of multivariate logistic regression that the most crucial risk 

factor among those listed above is obesity (illustrated by BMI and waist circumference in this 

model). Female sex, obesity either classified using BMI or circumference are significantly 

associated with the development of dyslipidaemia in this cohort according to the unadjusted 

logistic regression. However, only central obesity is of significant difference in terms of both 

unadjusted and adjusted logistic regression models, while female sex and BMI are no longer 

significant even though the p-value of female sex is rather small (p-value = 0.056). 

Furthermore, the effect of BMI seems to be masked by waist circumference if referred to the 

adjusted OR using the multivariate logistic regression model, which probably informs that 

waist circumference might be a more indicative factor when predicting the development of 

dyslipidaemia, and a likelihood ratio test suggests that BMI could be removed from this 

multivariate logistic regression model without causing significant changes (p-value = 0.420) 

as long as waist circumference stays in the model which cannot be removed (p-value < 

0.001). 

4.3.5 Cohort analysis of awareness 

In terms of the cohort analysis of awareness rate, 1,349 participants who were diagnosed with 

dyslipidaemia but unaware of having dyslipidaemia at baseline were included in this analysis. 

(Table 4.13) Participants who reported being aware or on treatment of dyslipidaemia in 

follow-up surveys were considered getting aware of dyslipidaemia during the observation 

period. 

Table 4.13 Awareness of dyslipidaemia in CHARLS follow-ups 

 Became aware 

(n = 214) 

Still unaware 

(n = 1135) 

Percentage of becoming 

aware (95%CI) 

P-value 

Sex     

  Male 95 533 15.1 (12.3, 17.9)  

  Female 119 602 16.5 (13.8, 19.2) 0.490 

     

Age (years) (Median±IQR) 58±12 58±11  0.386 

  45-54 70 350 16.7 (13.1, 20.2)  

  55-64 93 514 15.3 (12.5, 18.2)  

  65-74 48 210 18.6 (13.8, 23.4)  

  75- 3 61 4.7 (0.0, 9.9) 0.051 

     

Residential type     
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  Rural 116 765 13.2 (10.9, 15.4)  

  Urban 98 370 20.9 (17.2, 24.6) <0.001* 

     

Smoking     

  Non-smoker 139 680 17.0 (14.4, 19.5)  

  Ex-smoker/Quit after last wave 21 104 16.8 (10.0, 16.7)  

  Current smoker 54 351 13.3 (10.2, 23.4) 0.249 

Alcohol consumption     

  No 155 788 16.4 (14.1, 18.8)  

  Yes 59 347 14.5 (11.1, 18.0) 0.380 

Health insurance covered     

  No 8 42 16.0 (5.7, 26.3)  

  Yes 206 1093 15.9 (13.9, 17.8) 0.979 

Education level     

  Illiterate 38 308 11.0 (7.7, 14.3)  

  Primary 97 485 16.7 (13.6, 19.7)  

  Secondary 59 243 19.5 (15.1, 24.0)  

  High school or higher 20 99 16.8 (10.1, 23.6) 0.022* 

     

BMI (kg/m2) (Mean±SD) 25.7±3.6 24.3±3.6  <0.001* 

Waist circumference (cm) 

(Mean±SD) 

91.2±9.9 87.3±9.6  <0.001* 

     

Obesity by BMI     

  Underweight 2 27 6.9 (0.0, 16.3)  

  Normal 67 536 11.1 (8.6, 13.6)  

  Overweight 92 413 18.2 (14.8, 21.6)  

  Obese 53 159 25.0 (19.2, 30.8) <0.001* 

     

Central obesity     

  Normal 33 355 8.5 (5.7, 11.3)  

  Pre-obese 32 187 14.6 (9.9, 19.3)  

  Obese 149 593 20.1 (17.2, 23.0) <0.001* 

*Statistically significant difference presents between/among subgroups. 

According to Table 4.13, it seems that many factors are having significant influence on the 

awareness of dyslipidaemia in this cohort: residential type, education and obesity. Urban 

people were more likely to become aware if they had dyslipidaemia and the urban-rural 

difference was statistically significant. Meanwhile, the higher the education level an 

individual had, the more likely he or she would be to capture the signs that he or she had 

dyslipidaemia. Overweight and obesity also had correlation with the awareness of 

dyslipidaemia, since individuals with elevated BMI or waist circumference were more likely 

to realize their risks of having dyslipidaemia, thus presenting a higher awareness rate 

compared with those in a normal range of BMI and waist circumference. 

Similar to the regression analysis of prevalence, in order to minimize the confounding effects 

among different factors, a logistic regression model was applied to investigate the 

contribution of different factors and to provide unadjusted and adjusted ORs for quantitative 

presentation. (Table 4.14) 

Table 4.14 Logistic regression analysis of dyslipidaemia awareness on different 

risk factors in the cohort 
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 Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Sex   

  Male 1 1 

  Female 1.11 (0.83, 1.49) 1.09 (0.71, 1.67) 

   

Age (years) 0.99 (0.97, 1.01) 1.00 (0.98, 1.02) 

   

Residential type   

  Rural 1 1 

  Urban 1.75 (1.30, 2.35)* 1.50 (1.10, 2.05)* 

   

Smoking   

  Non-smoker 1 1 

  Ex-smoker/Quit after last wave 0.99 (0.60, 1.63) 0.89 (0.50, 1.58) 

  Current smoker 0.75 (0.54, 1.06) 0.78 (0.50, 1.21) 

Alcohol consumption   

  No 1 1 

  Yes 0.86 (0.62, 1.20) 0.96 (0.65, 1.42) 

Health insurance covered   

  No 1 1 

  Yes 0.99 (0.46, 2.14) 1.20 (0.54, 2.65) 

Education level   

  Illiterate 1 1 

  Primary 1.62 (1.09, 2.42)* 1.69 (1.11, 2.58)* 

  Secondary 1.97 (1.27, 3.06)* 1.91 (1.17, 3.14)* 

  High school or higher 1.64 (0.91, 2.94) 1.55 (0.82, 2.92) 

   

BMI (kg/m2) 1.11 (1.07, 1.16)* 1.05 (0.99, 1.13) 

Waist circumference (cm) 1.04 (1.03, 1.06)* 1.02 (1.00, 1.05) 

*Statistically significant. 

From the results of logistic regression in Table 4.14, the most crucial factors that exerted 

influence on an individual’s awareness of dyslipidaemia were residential type and education 

level. Unlike in Table 4.12 where rural-urban difference seemed not a determinant for the 

incidence of dyslipidaemia, in terms of awareness, there was significant difference between 

rural and urban participants, either before or after controlling for other potential confounders. 

Education level was also an important determinant of the awareness rate, and its effect was 

not even masked by the rural-urban difference in individual’s education level. The influence 

of overweight and obesity, either measured by BMI or waist circumference, was not 

significant after adjusting for other factors, indicating that it might not be the major 

contributor to individual’s awareness of dyslipidaemia, even though it had strong correlation 

with the incidence of dyslipidaemia. 

4.3.6 Cohort analysis of treatment 

Same as the analysis of awareness rate, 1,526 participants who were diagnosed with 

dyslipidaemia but remained untreated of dyslipidaemia at baseline were included in this part 

of analysis. (Table 4.15) Participants who reported on treatment of dyslipidaemia in follow-

up surveys were considered getting treated of dyslipidaemia during the observation period. 

One additional change here is that awareness at baseline was considered an influential factor 

for future treatment tendency. 
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Table 4.15 Treatment of dyslipidaemia in CHARLS follow-ups 

 Get treated 

(n = 188) 

Still untreated 

(n = 1338) 

Percentage of 

getting treated 

P-value 

Awareness at baseline     

  No 122 1227 9.0 (7.5, 10.6)  

  Yes 66 111 37.3 (30.1, 44.4) <0.001* 

     

Sex     

  Male 75 639 10.5 (8.3, 12.8)  

  Female 113 699 13.9 (11.5, 16.3) 0.043* 

     

Age (years) (Median±IQR) 58±12 59±12  0.222 

  45-54 62 404 13.3 (10.2, 16.4)  

  55-64 85 598 12.5 (10.0, 14.9)  

  65-74 37 265 12.3 (8.5, 16.0)  

  75- 4 71 5.3 (0.2, 10.5) 0.282 

     

Residential type     

  Rural 117 883 11.7 (9.7, 13.7)  

  Urban 71 455 13.5 (10.6, 16.4) 0.310 

     

Smoking     

  Non-smoker 130 801 14.0 (11.7, 16.2)  

  Ex-smoker/Quit after last wave 21 130 13.9 (8.4, 19.4)  

  Current smoker 37 407 8.3 (5.8, 10.9) 0.010* 

Alcohol consumption     

  No 136 915 12.9 (10.9, 15.0)  

  Yes 52 423 11.0 (8.1, 13.8) 0.273 

Health insurance covered     

  No 4 50 7.4 (0.4, 14.5)  

  Yes 184 1288 12.5 (10.8, 14.2) 0.263 

Education level     

  Illiterate 40 340 10.5 (7.4, 13.6)  

  Primary 83 577 12.6 (10.0, 15.1)  

  Secondary 45 294 13.3 (9.7, 16.9)  

  High school or higher 20 127 13.6 (8.0, 19.2) 0.641 

     

BMI (kg/m2) (Mean±SD) 25.9±3.7 24.5±3.7  <0.001* 

Waist circumference (cm) 

(Mean±SD) 

91.0±10.3 87.8±9.6  <0.001* 

     

Obesity by BMI     

  Underweight 2 28 6.7 (0.0, 15.8)  

  Normal 56 607 8.5 (6.3, 10.6)  

  Overweight 74 497 13.0 (10.2, 15.7)  

  Obese 56 206 21.4 (16.4, 26.4) <0.001* 

     

Central obesity     

  Normal 31 392 7.3 (4.8, 9.8)  

  Pre-obese 27 221 10.9 (7.0, 14.8)  

  Obese 130 725 15.2 (12.8, 17.6) <0.001* 

*Statistically significant difference presents between/among subgroups. 

According to Table 4.15, it seems that only awareness at baseline and obesity are the factors 

having significant association with individual’s treatment uptake against dyslipidaemia in the 

follow-ups. It could be observed that the difference of treatment uptake rate during follow-
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ups between participants aware and unaware of dyslipidaemia at baseline was dramatic, 

which indicates that awareness at baseline might be a very strong predictor for future 

treatment uptake in this cohort. To quantitatively investigate how large the predictive effect of 

baseline awareness is, and whether this effect will be masked or attenuated by other possible 

confounders, like what was performed above, a logistic regression model was applied with 

and without adjustment for other factors. (Table 4.16) 

Table 4.16 Logistic regression analysis of dyslipidaemia treatment on different 

risk factors in the cohort 

 Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Awareness at baseline   

  No 1 1 

  Yes 5.98 (4.18, 8.55)* 5.75 (3.95, 8.36)* 

   

Sex   

  Male 1 1 

  Female 1.38 (1.01, 1.88)* 1.15 (0.71, 1.87) 

   

Age (years) 0.99 (0.97, 1.01) 0.99 (0.97, 1.01) 

   

Residential type   

  Rural 1 1 

  Urban 1.18 (0.86, 1.62) 1.18 (0.84, 1.67) 

   

Smoking   

  Non-smoker 1 1 

  Ex-smoker/Quit after last wave 1.00 (0.61, 1.63) 0.92 (0.50, 1.71) 

  Current smoker 0.56 (0.38, 0.83)* 0.69 (0.42, 1.14) 

Alcohol consumption   

  No 1 1 

  Yes 0.83 (0.59, 1.16) 0.87 (0.57, 1.33) 

Health insurance covered   

  No 1 1 

  Yes 1.79 (0.64, 5.00) 1.88 (0.65, 5.47) 

Education level   

  Illiterate 1 1 

  Primary 1.22 (0.82, 1.82) 1.20 (0.77, 1.87) 

  Secondary 1.30 (0.83, 2.05) 1.28 (0.75, 2.17) 

  High school or higher 1.34 (0.75, 2.38) 1.02 (0.52, 1.99) 

   

BMI (kg/m2) 1.10 (1.06, 1.15)* 1.05 (0.98, 1.12) 

Waist circumference (cm) 1.04 (1.02, 1.05)* 1.02 (0.99, 1.04) 

*Statistically significant. 

It can be observed from Table 4.16 that awareness, female sex, smoking and obesity at 

baseline are factors that have significant association with treatment during follow-ups when 

referring to the unadjusted OR. However, after controlling for potential confounders, only 

awareness at baseline has significant positive association with future treatment rate, and the 

adjusted OR is remarkably large, which means that the effect of baseline awareness is very 

likely to be causal and predominant, serving as a major predictor in the multivariate logistic 

regression model. Smoking and obesity are no longer significant after adjustment, masked by 

the large effect of baseline awareness. The results from the logistic regression indicate that 

awareness at baseline can serve as a strong and only predictor for treatment uptake, which 
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means that whether an individual having dyslipidaemia takes medication or not depends 

largely on his or her awareness of having this condition.  

 

Based on the results presented in this chapter, the next chapter will discuss about the findings 

from this research, including the implications of the statistical output, explanation of some 

significant findings, and the limitations and potential bias of these results.  
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Chapter 5 Discussion 

This research aimed to provide a comprehensive understanding of the epidemic of 

dyslipidaemia in China using the CHARLS dataset. This extended from the prevalence to the 

control of this cardiometabolic condition. The results included a cross-sectional study based 

on the baseline data and a cohort study utilizing follow-up survey data. This chapter 

summarizes and highlights the important findings and discusses these within the context of 

this epidemic. It also discusses the strengths and limitations of this research and the 

implications for further research and policies. 

5.1 Findings of the cross-sectional study 

According to the analysis of the baseline data of CHARLS in 2011-2012, over 40% of 

Chinese adults aged over 45 had dyslipidaemia. Among those individuals having 

dyslipidaemia, nearly 80% were unaware, nearly 90% were not receiving any medications for 

dyslipidaemia, and only 5.2% had their blood lipid levels in evidence-based target range.  

5.1.1 Rural-urban difference in dyslipidaemia epidemic 

Residential type played an important role influencing the prevalence of dyslipidaemia. The 

prevalence of all kinds of dyslipidaemia was higher in urban areas than in rural areas, 

especially low HDL-C and high TG. This was true even after controlling for other variables 

(sex, age, etc.). During the past decades, urban areas in China experienced rapid economic 

growth, accompanied by changes in people’s dietary patterns and lifestyle behaviours, for 

example higher intake of sugar and fat, lower intake of dietary fibre, and less physical 

activities. [39, 57, 58] All these factors were considered potential contributors of 

dyslipidaemia, and the chances for people getting exposed to these factors were higher in 

urbanized cities than rural villages. [59] 

Both the awareness and treatment rates were higher in urban areas than in rural areas, while 

no significant difference in control rate was detected, consistent with previous studies [10, 

39] However, even in urban areas, the awareness, treatment and control rates were rather low 

for dyslipidaemia, if compared to other common CVD risk factors like hypertension, for 

which the awareness rate was 56.2% (rural: 55.0%; urban: 57.3%), the treatment rate was 

48.5% (rural: 46.6%, urban: 50.1%) and the control rate was 19.2% (rural: 19.3%, urban: 

19.4%) in the same cohort. [48] 

In terms of rural-urban difference in the prevalence, awareness, treatment and control of 

dyslipidaemia, the findings of this study are consistent with previous research in China. [10, 

39] However, there are a limited number of published studies of prevalence of dyslipidaemia 

across the whole country, so it is difficult to provide a convincing conclusion whether there is 

a trend of increase in the prevalence of dyslipidaemia, or whether the rural-urban difference is 

gradually getting larger with the urbanization of China.  

When we compare the prevalence of dyslipidaemia in this study with other studies in 

different countries conducted at similar time, it seems that the prevalence of dyslipidaemia in 
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China is not as high as many other countries (Canada: 45.0%, India: 79.0%, South Korea: 

59.0%, Thailand: 66.5%, Turkey: 79.6%). [29-33] However, in terms of awareness, treatment 

and control rates, Canada seemed to perform much better than China and some other Asian 

countries (Awareness rate: Canada 43.0%, South Korea 13.7%, Thailand 17.8%; treatment 

rate: Canada 24.0%, South Korea 7.4%, Thailand 11.7%; control rate: Canada 19.0%, South 

Korea 2.3%, Thailand 6.3%).[29-31] Urbanization and socioeconomic transitions might have 

association with the difference in those rates, as more developed public health system and 

more healthcare resources might improve the awareness, treatment and control of 

dyslipidaemia. Further studies could be conducted to provide more explanations for this 

difference among countries.  

5.1.2 Composition of dyslipidaemia 

According to the CHARLS blood test data at baseline (Table 4.2), the prevalence of high TC, 

high LDL-C, low HDL-C or high TG was different in China. The prevalence of low HDL-C 

was significantly higher than the other three categories of dyslipidaemia, both in rural and 

urban areas. This is an interesting finding, and some previous studies had reported that low 

HDL-C was the major type of dyslipidaemia in China, especially including the national 

analysis conducted by Pan, L. et al. [10, 38, 40] Although in some smaller studies conducted 

in some cities or provinces low HDL-C seemed not to be a major category of dyslipidaemia, 

[35-37] it is still worthwhile to discuss some possible factors which may account for the 

relatively higher prevalence of low HDL-C compared with high TC, high LDL-C and high 

TG. 

Previous studies had identified some risk factors for low HDL-C, mostly attributed to the 

interaction of genetic factors and lifestyle. Family history of low HDL-C, excessive intake of 

dietary carbohydrates especially refined carbohydrates such as rice and noodles, lack of 

nutrition intake, obesity, male sex and age may all contribute to low HDL-C.[38, 60] 

According to Table 4.2, male sex, obesity, urban residence, high education level and high 

income were all found to be associated with higher prevalence of low HDL-C. Unlike some 

other countries where different threshold values for low HDL-C are used for men (40 mg/dL 

or 1.03 mmol/L) and women (50 mg/dL or 1.29 mmol/L), in China there is no difference in 

the diagnostic criteria for low HDL-C between men and women. This may account for the 

higher prevalence of low HDL-C in male participants in CHARLS, while if put into the 

circumstances where different criteria were applied to the two genders, female participants 

having their blood HDL-C levels within the range of 40 to 50 mg/dL would be classified as 

having low HDL-C as well. Besides sex, the other factors found correlated with higher 

prevalence of low HDL-C tended to imply that low HDL-C had more association with 

lifestyle factors.  

One possible explanation why low HDL-C was the predominant form of dyslipidaemia in 

China is the relatively lower dietary intake of fat and cholesterol which contributes to lower 

average blood cholesterol levels, compared to some Western countries, for example the 

United States, where high LDL-C is likely to be the predominant type of dyslipidaemia. [61] 

HDL-C is considered a protective substance against CVD risk factors and helps with the 
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cholesterol efflux in the circulation, while the synthesis of these lipoproteins also requires 

certain amount of lipids and proteins. [12] The age standardized mean blood cholesterol was 

significantly different between Chinese and American populations, while the value was 15% 

higher for Americans compared to Chinese, according to the WHO report on NCD risk 

factors. [9] That could possibly explain why low HDL-C was more common in Chinese 

population, given that the overall levels of blood cholesterol were lower than some Western 

countries. However, the difference might be narrowing down as the prevalence in China was 

on the rise in the recent decades according to the WHO report, and considering the lifestyle 

changes which contributed more than genetics in the epidemic of dyslipidaemia, rapid 

urbanization in China might lead to more similarities in the lipid profiles compared with the 

United States and other Western countries. 

Besides low HDL-C, the prevalence of high TG in the participants at baseline was the second 

highest among four types of dyslipidaemia. It has been reported that a combination of low 

HDL-C and high TG would increase the risk of CVDs dramatically, while this was likely to 

be the case in this study. [62] However, some other studies argued that isolated low HDL-C 

could be a more effective predictor for CVDs than low HDL-C combined with elevated TG. 

[60, 63] Although the interactions between low HDL-C and high TG as risk factors of CVDs 

still need to be explored through more studies, it is clear that high TG also increases CVD 

risks significantly. [9, 20] According to Table 4.2, many factors including female sex, urban 

residence, higher education level, smoking, higher income and obesity had positive 

correlation with the prevalence of TG, and this finding was consistent with previous studies. 

[10, 35-37] Similar to low HDL-C, urbanization and economic growth might also play an 

important role in resulting the high prevalence of TG, the effect of which could be mediated 

through dietary patterns and lifestyle factors. 

In this cross-sectional study, the prevalence of high TC and high LDL-C were relatively 

lower compared to low HDL-C and high TG. Female sex, obesity and higher income levels 

were also positively associated with both the prevalence of high TC and high LDL-C. 

However, rural-urban difference was no longer significant for high TC and high LDL-C, and 

it was also the same situation for education level. The reason why there was difference 

among types of dyslipidaemia in terms of their prevalence and associated factors still need 

more studies to be proven. 

5.1.3 Other influential factors of dyslipidaemia 

As cross-sectional studies can be prone to confounding and potential bias either from 

selection or measurement errors, detailed discuss of the factors that are associated with 

prevalence, awareness and treatment of dyslipidaemia will be addressed in the following 

section of cohort analysis. 

Besides the rural-urban difference in the epidemics of dyslipidaemia that has been discussed 

above in section 5.1.1, elder age, smoking, no alcohol consumption and obesity were found to 

be associated with higher prevalence of dyslipidaemia after adjustment (Table 4.6). Elder age, 

smoking and obesity have already been reported as important risk factors in the 
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dyslipidaemia guidelines as well as many literature, and they are also major risk factors for 

many other CVDs. [5, 10, 35-37, 40] One controversial finding in this study is that alcohol 

consumption was found negatively associated with the odds of dyslipidaemia and the result 

was statistically significant, while almost all other studies presented that drinking behaviours 

contributed to the risk of having dyslipidaemia significantly and alcohol consumption is also 

regarded as a crucial risk factors of dyslipidaemia and many other CVDs in different 

guidelines. [5, 10, 35-37, 40, 64] A possible explanation is reverse causality, which means 

that among those participants having dyslipidaemia but did not drink, it was not their 

consumption of alcohol that contributed to the risk of dyslipidaemia, but it was because they 

already had dyslipidaemia that they limited the intake of alcoholic beverages. Reverse 

causality is a typical type of confounding that usually occurs in cross-sectional studies where 

the time order of exposure and outcome variables cannot be established clearly so that causal 

inference will be difficult. This kind of confounding can be largely minimized when 

conducting a cohort analysis, so how alcohol consumption is associated with the onset of 

dyslipidaemia in this cohort will be discussed more in detail according to the cohort analysis. 

However, why there were no such controversial findings in previous studies even though they 

were all cross-sectional studies remained unknown, and it might also be possible to raise 

questions about the quality when the CHARLS interviews collected the data of alcohol 

consumption from the study population. 

In terms of awareness, female participants had significantly higher awareness rate of 

dyslipidaemia than males, even after adjusted for other factors, consistent with previous 

publications that have investigated awareness of dyslipidaemia. [10, 35, 39] Same positive 

association between elder age and awareness of dyslipidaemia was reported in these three 

studies as well, and one study also reported that higher education had significant positive 

association with awareness rate which was the case for this study. [10] No previous studies 

had investigated the impact of smoking, insurance coverage and obesity on the awareness of 

dyslipidaemia, while these factors were found to be associated with awareness rate 

significantly in Table 4.6. People who smoked were more likely to be unaware of 

dyslipidaemia, and the possible explanation could also be reverse causality that as they were 

unaware of dyslipidaemia so they did not limit the consumption of tobaccos. People covered 

by any type of health insurance were more likely to be aware, and that could possibly 

attribute to easier access to healthcare resources such as more regular contact with health 

services. Those who were overweight and obese tended to be more concerned about their 

risks of CVDs so they might pay more attention to monitor their physical and biochemical 

indicators of CVDs like dyslipidaemia, thus having higher awareness rate of dyslipidaemia. 

Elder age, higher education (high school or higher), no alcohol consumption and obesity were 

found to have significant association with the treatment uptake rate of dyslipidaemia at 

baseline. Previous studies reported that elder people were more likely to take medications 

against dyslipidaemia, while the impact of alcohol consumption and obesity had not been 

discussed specifically. [10, 35, 39] The association between no alcohol consumption and 

treatment uptake is likely to be explained by reverse causality, when those who received anti-

dyslipidaemia treatment were more likely to restrict their intake of alcoholic beverages, either 
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because of the requirement from the medications or because they had a more general concern 

for their own health and therefore more likely to change their lifestyle. As for obesity, even 

though participants with enlarged BMI and waist circumference were more likely to take anti-

dyslipidaemia medications, it is difficult to make causal inference between obesity and 

treatment uptake. As discussed above, one possible explanation might be that overweight 

people were more likely to realize their risks of dyslipidaemia and CVDs, and thus seek for 

medical help, resulting in relatively higher treatment uptake rate. 

Because blood lipid data were not available for the rest of CHARLS follow-ups, according to 

the criteria to define “control” of dyslipidaemia, only the baseline survey were available for 

the analysis of control rate of dyslipidaemia. Therefore, the discussion of dyslipidaemia 

control will be based on the baseline survey only, and will not be presented in the next section 

of cohort analysis discussion in detail. According to the cross-sectional analysis, among all 

the participants having dyslipidaemia, only 5.4% were on treatment and had their blood lipid 

level in the target range. If the control rate was referred to the percentage among those on 

treatment, there would be 42.1% (95% CI: 37.7, 46.5%) of those taking anti-dyslipidaemia 

medications who had their blood lipid level controlled in the normal range. Previous studies 

had reported that elder age and female sex were positively associated with the control of 

dyslipidaemia, but these findings were all based on crude (unadjusted) OR. [10, 39] Results 

in Table 4.4 seemed to be consistent with previous findings while female and elder 

participants had higher control rate. However, when combined with other factors in the 

multivariate regression model, neither of these two variables remained statistically 

significant. BMI seemed to be positively correlated with the control of dyslipidaemia 

according to the model, and this again could be attributed to higher awareness and treatment 

rates among overweight people. Whether the blood lipid level of a patient taking anti-

dyslipidaemia medications would be well controlled could be influenced by many other 

factors besides those socioeconomic and behavioural factors analysed in this study, for 

example the type and dosage of medicines, the severity of dyslipidaemia, genetic factors, 

other comorbidities and even drug interactions, which were not available for analysis in 

CHARLS. However, what will influence the effect of anti-dyslipidaemia treatment is beyond 

the scope of the current study. To better understand the interactions behind the data, many 

studies need to be conducted in the future not only in an epidemiological scale but also from 

the perspective of basic and clinical medicine. 

5.2 Findings of the cohort study 

One big advantage of a cohort study is the opportunity of tracking a group of disease-free 

participants from the outside to see what proportion will develop the disease during the 

follow-up phase in order to investigate the risk factors associated with the onset of this 

disease. 

5.2.1 Changes in prevalence, awareness and treatment of dyslipidaemia 

From Table 4.9 (and Figure 4.3 more intuitively), it can be observed that the estimated 

prevalence of dyslipidaemia in 2013 and 2015 was not of great difference compared with the 
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prevalence in 2011, but the significant rural-urban difference still existed, while the 

prevalence in urban areas was approximately 10 percent points higher than the prevalence in 

rural areas. Due to the uncertainty of self-report and mathematical simulation, it is difficult to 

make a conclusion only by using the models based on self-report conditions and machine 

learning methods, especially when dyslipidaemia is a condition which requires quantitative 

laboratory test to make accurate diagnosis. However, the estimation could still provide 

information about the epidemic of dyslipidaemia over time, that the rural-urban difference in 

prevalence was still large and did not tend to shrink, while the overall prevalence was 

approximately 43% in this cohort, indicating that dyslipidaemia was indeed a widespread 

condition among Chinese populations aged over 45 years. 

The encouraging findings were the increase in awareness and treatment rates of 

dyslipidaemia in both rural and urban areas, especially the significant increase in awareness 

rate. One reason for the increase in awareness rate could be the feedback from the blood test 

results at CHARLS baseline, which enabled all the participants included to have their blood 

lipid level tested and let them know if the values were abnormal. However, as stated in 

section 4.3.2, only 0.2% of the absolute increase in the awareness rate was accounted for by 

the CHARLS blood test across the three waves, which was minimal to attenuate the rising 

trend, Furthermore, there was no feedback from blood test in the 2013 and 2015 follow-ups, 

but the awareness rate continued to increase, confirming that there was indeed an increase in 

the awareness of dyslipidaemia, in addition to the feedback from CHARLS blood test at 

baseline. Both the awareness rates in rural and urban areas increased by year, and the 

awareness rate in 2015 was even approximately1.5-fold higher than that in 2011, which was a 

significantly large increase. The awareness rate in urban areas was still higher than that in 

rural areas and the rural-urban difference seemed to become even larger.  

In terms of treatment rate there was a significant increase in the overall treatment rate as well, 

but the change in rural areas was much more significant than the change in urban areas. 

According to these two models, the treatment rate in rural areas seemed to reach or even 

surpass the treatment rate in urban areas in 2015, while there was nearly 2 percent point 

difference at baseline. This difference may suggest that the public health effort put into the 

healthcare in rural areas had been proven to be somehow effective, as the treatment rate in 

rural areas also had an approximately 1.5-fold increase. The larger increase in rural areas may 

indicate greater capacity of increase in treatment rate at baseline, and there might be other 

factors that limited the threshold of treatment rate during the observation, especially in urban 

areas where the treatment rate seemed not to increase dramatically.    

5.2.2 Influential factors of dyslipidaemia epidemic 

The cohort study was capable of minimizing the effect of some potential confounders, as 

many other factors were controlled at baseline by only observing a certain group of people 

and investigate the development of certain outcomes during the observation period, and the 

possibility of establishing causal inference as there is clear time order between the outcome 

and exposure variables. 
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During the follow-ups, 181 among 2,329 “dyslipidaemia-free” participants newly reported to 

have been diagnosed with dyslipidaemia, and the overall incidence of dyslipidaemia in this 

cohort was 7.77 per 100 people. According to the logistic regression analysis, central obesity 

was the major factors that contribute to the development of dyslipidaemia serving as a main 

risk factors, while female sex was also likely to be a potential risk factor. Previous cross-

sectional studies have also reported higher prevalence of dyslipidaemia in female after 50 

years old [10, 35-39], and this cohort analysis was not only consistent with these findings, but 

also showed that females after 45 years old had significantly greater risks of developing 

dyslipidaemia. Previous studies on the biochemical mechanisms behind the sex difference in 

the risk of dyslipidaemia showed that women after menopause were exposed to greater risks 

of elevated blood cholesterol level, possibly due to the elimination of the protective effect 

from estrogen, while women before menopause showed significantly lower levels of blood 

cholesterol. [10, 65, 66] Therefore, postmenopausal women need to be more careful about the 

elevated risks of getting dyslipidaemia. The association between obesity and the risk of 

dyslipidaemia has been already discussed by many studies, either in the perspective of 

biomedical science and public health. [5, 10, 12, 36, 38] The cohort analysis results also 

supported that obesity contributed to the odds of dyslipidaemia, while waist circumference, 

which was used to defined central obesity, tended to be better predictor than BMI. A possible 

explanation might be waist circumference was a better indicator for visceral obesity which 

led to excessive condensation of lipids in the organs as well as their vessels, while BMI 

would not distinguish people with large muscular mass from those who were indeed obese. 

But after all, obesity was a crucial risk factor of dyslipidaemia, indicating the importance of 

weight management in dyslipidaemia prevention and control. 

214 out of 1,349 participants unaware of their dyslipidaemia at baseline became aware of it 

during the follow-up time, and the factors that contributed to their awareness were urban 

residence and higher education according to the multivariate logistic regression model, 

consistent with previous cross-sectional studies. [10, 39] It was not surprising that urban 

residents and people having higher education level were more likely to become aware of 

dyslipidaemia, as they were likely to be exposed to more knowledge about the important of 

monitoring and controlling blood lipid levels. At the same time, these people probably 

contact with healthcare services more regularly than those living in rural areas or having 

lower education level, because of the easier accessibility of healthcare resources in urban 

areas, the higher awareness of the importance of regular medical check-ups, or even the more 

chances of being exposed to relative health promotion programs either from healthcare 

professionals or industrial advertisement. Obesity was found to have positive association with 

awareness rate before adjustment, but its effect was attenuated after adjusting for other 

factors. It was likely that people with elevated BMI or enlarged waist circumference would 

pay more attention to their blood lipid levels due to the awareness of potential risks of 

obesity, but obesity itself was not a factor that directly associated with dyslipidaemia 

awareness. 

In terms of treatment uptake, 188 out of 1,526 participants who did not take medications to 

treat their dyslipidaemia at baseline reported the uptake of anti-dyslipidaemia medications 
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during the follow-ups. Although female sex, non-smoking and obesity were found to have 

positive association with treatment uptake before adjustment, only awareness at baseline was 

found to be still significant after controlling for other factors in the multivariate regression 

model. This result suggested that the most important way to increase the treatment rate of 

dyslipidaemia was by raising the awareness of it, while once the awareness was controlled no 

other factors were found significant any more. Previous cross-sectional studies reported elder 

age as a contributor to anti-dyslipidaemia treatment uptake. [10, 39] However, they did not 

consider awareness as a factor for treatment uptake, because according to their criteria people 

were supposed aware if they were on treatment, so the regression model could not include 

awareness as an explanatory variable, otherwise the OR for awareness could be infinitive. 

Same problem would not arise in this cohort analysis, as the outcome variable was treatment 

uptake in the follow-ups while the exposure was awareness at baseline. Therefore, the huge 

effect of awareness on treatment uptake could be found through the regression model, and 

provided evidence that the low treatment rate could be largely explained by the limitation of 

low awareness rate, when other factors seemed not to be a significant factor at this stage. 

5.3 Limitations of the study 

5.3.1 Limitations of the cross-sectional study 

There are some limitations associated with this study. As a baseline survey of a longitudinal 

study, which was cross-sectional, this study had considerably larger selection and information 

bias compared to a cohort study. For example, there was little information about the reasons 

for missing values, so simply excluding observations with missing values might lead to 

possible selection bias. Fortunately, the CHARLS committee had already adjusted part of the 

bias and assigned weights to different observations, according to their sampling methods, 

response rate and missing values in blood test results. [46, 52] Therefore, the adjusted 

calculation of prevalence, awareness, treatment and control rates was less biased due to non-

response and missing values and would be more representative for the Chinese population. 

A self-report survey is also prone to recall bias and measurement errors, especially when the 

calculation of awareness and treatment rates of dyslipidaemia was based on self-reported 

information. Furthermore, people who claimed to have dyslipidaemia or to be on treatment of 

dyslipidaemia were also included as having dyslipidaemia, in addition to those had positive 

results of blood test, to help identify those having good control of dyslipidaemia (taking 

medication but having blood lipid levels in a target range). This would introduce potential 

bias as we might have overestimated the prevalence of dyslipidaemia, as well as awareness 

and treatment rates. However, as the inclusion criteria were consistent with the research 

conducted before, it was still comparable to discuss a potential trend in the epidemic of 

dyslipidaemia in Chinese population. [10, 39] 

It was difficult to explain some of the regression findings using only the baseline survey of 

CHARLS. For example, the findings that people who consumed alcohol had relatively lower 

prevalence of dyslipidaemia after adjusting for other variables might possibly be explained by 

reverse causality, as I have discussed above. This is a limitation of a cross-sectional study. 



 

55 

 

Therefore, a cohort analysis was needed using the follow-up data of CHARLS, which would 

provide evidence for better understanding the causal relationship between dyslipidaemia and 

alcohol consumption, for example, as well as other interactions.  

5.3.2 Selection bias due to attrition 

For the 8,977 participants included at baseline for the cross-sectional study, eventually 4,073 

of them were followed until the 2015 wave without any missing values in the observation. To 

make a judgement on the potential selection bias due to the attrition in the cohort, a 

comparison between those participants included for cohort analysis and those who dropped 

out from the observation either because of loss to follow-up or because of missing values was 

performed (Table 4.7). However, as there was no information provided by the CHARLS 

survey about the reasons of missing values and loss to follow-ups, it is still difficult to clearly 

state the factors that are associated with the attrition. The comparison of Table 4.7 was just 

intended to make possible explanations and address the representativeness of the selected 

cohort. 

According to the comparison, elder age, urban residence, no coverage of health insurance, 

lower education level, lower height, lower weight and lower BMI were significantly 

associated with the tendency of loss to follow-up during the cohort study, while there were no 

significant differences in gender composition and lifestyle behaviours. The difference in age 

is not surprising as one major reason for attrition in this cohort study was death, and therefore 

those followed-up till the 2015 wave must had a smaller average age at baseline compared to 

those lost during the study, as part of the loss to follow-ups were due to natural death which 

occurred to elder people more frequently. The differences in average height, weight and BMI 

values can be explained by the difference in average age. Urban dwellers might be more 

capable of moving to another place or even go abroad due to work or vacation and therefore 

lost contact from the survey group of CHARLS. In this way, almost all the differences can be 

explained. There was no difference between the two groups in terms of the prevalence, 

awareness and treatment of dyslipidaemia, which was most crucial in our cohort study as they 

were the key outcomes of the cohort analysis. 

In conclusion, selection bias is likely to exist in this cohort study due to missing values and 

loss to follow-up, but the differences between participants included and excluded for cohort 

analysis were reasonable and acceptable, which did not affect the representativeness of the 

selected cohort, and therefore, would not bias the results of statistical tests and regression 

analysis. 

5.3.3 Estimation of prevalence using models 

Due to lack of blood test data in the 2013 and 2015 follow-ups of CHARLS, the prevalence 

of dyslipidaemia in these two waves could not be calculated precisely based on the diagnostic 

criteria stated in section 3.2. In order to utilize the self-report condition of dyslipidaemia in 

these two waves, the Model 1 mentioned in section 4.3.2 was established to give an 

estimation of the prevalence of dyslipidaemia in the follow-ups, therefore enabling the 

estimation of awareness and treatment rates as well. This model is likely to underestimate the 
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prevalence of dyslipidaemia in the follow-up surveys because of using self-reported data, 

referring to the low awareness rate of dyslipidaemia at baseline when many people had 

abnormal blood test results but did not report to have dyslipidaemia. This model will be most 

likely to misclassify those who did not have dyslipidaemia at baseline but had abnormal 

blood lipid level during follow-up (which was not detected due to lack of blood test data) into 

those who did not develop dyslipidaemia if they did not report to have dyslipidaemia during 

the follow-ups. Therefore, although the prevalence of dyslipidaemia estimated via Model 1 in 

Table 4.9 (Figure 4.3) seemed to be steady across the three waves, there is the possibility that 

the prevalence in 2013 and 2015 might have been underestimated. 

Same tendency of underestimation is likely to exist in Model 2 which used approaches of 

machine learning to build a neural network using the baseline data, and make predictions on 

whether one individual would be likely to have dyslipidaemia using the characteristics from 

questionnaire and physical examination the follow-up surveys. As tested in the cross-

validation set, the neural network model was likely to underestimate the prevalence, with 

prediction errors being false negatives mainly. Therefore, the prevalence estimated using 

Model 2 in Table 4.9 (Figure 4.3) could also be lower than the actual one. 

Combining the results of these two models together, which were similar to each other, 

although the cohort study had to model prevalence, and that has limitations discussed above, 

it could still be estimated that the prevalence of dyslipidaemia in this cohort was likely to 

increase across the three waves, as both models had the tendency to underestimate the 

prevalence. However, whether the prevalence did increase or not could only be tested and 

proved by integrating blood test data, which were not available in this study. Further studies 

need to be conducted if the CHARLS committee becomes able to provide blood test data for 

the follow-up surveys, which will greatly minimize the limitation and bias of using self-

reported results. 

5.3.4 Other limitations of the cohort study 

Even though the effect of confounding in the cohort analysis was less significant compared to 

cross-sectional analysis, there was still unavoidable selection and information bias. As 

discussed above in section 5.3.2, selection bias would arise due to loss to follow-ups, 

especially when no enough information about the reasons for attrition was provided. 

However, after comparing the participants included in the final analysis and those excluded 

(Table 4.7), the difference was acceptable and therefore the selection bias due to attrition 

might not affect too much on the results. Unlike the baseline data which contained sample 

weights to adjust for non-response and be more representative for the population, the follow-

up data did not include longitudinal weights to adjust for non-response, which made it 

difficult to compare the weighted prevalence, awareness and treatment of dyslipidaemia 

among the three waves and therefore only unweighted results were compared in Table 4.9. 

Besides, information bias also existed in this cohort analysis, as there would be measurement 

errors when using self-reported data rather than blood test results to calculate the incidence of 

dyslipidaemia, which was likely to underestimate the incidence again when referring to the 

relatively low awareness rate of dyslipidaemia. 
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Apart from the bias, there were also some limitations within the dataset. The influence of diet 

and physical activities as lifestyle factors was not examined in the models, as CHARLS did 

not provide detailed information about the participants’ dietary patterns, and had too many 

missing values in the variable of physical activities. However, as these two factors were 

considered important lifestyle risk factors for many CVDs, the regression model which fail to 

detect the influence of these two factors might lose some important information of lifestyle 

risk factors. [9] Although obesity (either BMI or waist circumference) could reflect dietary 

patterns and physical activities and be a mediate variable between these lifestyle factors and 

dyslipidaemia, according to the conceptual framework in section 3.1, it would still be better 

when dietary patterns and physical activities could be incorporated into the model if the 

information provided by the dataset were more detailed and reliable for analysis, since the 

influence exerted by the possible bias of not including dietary patterns and physical activities 

in the model is difficult to be estimated quantitatively and therefore difficult to adjusted.  

Furthermore, even though rural-urban difference was identified as important risk factors in 

awareness of dyslipidaemia, it was hard to explore reasons or mechanisms behind this 

phenomenon and tell what aspect of urbanization determined the rural-urban difference, for 

example accessibility to healthcare providers, expenditures on healthcare, or just because of 

different education levels which was examined in the regression model. 

5.4 Implications of the research  

In conclusion, dyslipidaemia is a problem warranting greater attention in China. As the 

prevalence of dyslipidaemia in the CHARLS cohort indicates that the overall prevalence of 

dyslipidaemia among Chinese populations aged over 45 years is likely to be high, while 

people after middle-age have significantly increased risks of CVDs, it is important to identify 

and better control the factors that are closely related to dyslipidaemia. Overweight or obesity, 

as an important risk factor for dyslipidaemia, is modifiable through public health approaches, 

and perhaps can be a solution to control the overall prevalence of dyslipidaemia in the 

population. Besides public health promotion programs on the importance of weight control 

and regular exercise, food labels with health index, construction of exercise infrastructure in 

public areas, additional charges on consumption of lipid-rich food and other approaches can 

be possible ways to control overweight and obesity in a public health level. Considering the 

higher risks in postmenstrual women to have dyslipidaemia, while sex is not a modifiable risk 

factor, more education could be given to women after middle-age to raise their awareness of 

the increase risks of dyslipidaemia, to help monitor and control their blood lipid level at an 

early stage.    

Since the awareness and treatment rates of dyslipidaemia were both low, given that the 

treatment uptake is largely dependent on the awareness of those who have dyslipidaemia, 

another important challenge to increase the overall awareness and treatment rate of 

dyslipidaemia is to better identify people who are unaware of their dyslipidaemia, both in 

rural and urban areas. Educating people about the risk factors of CVDs and the importance of 

monitoring blood lipid levels may be a long journey to raise the awareness and treatment rate 

of dyslipidaemia, but this can be also facilitated by providing more healthcare resources in 
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regular medical check-ups especially in rural areas and for those who are at high risks of 

CVDs. 

5.5 Further research to be undertaken 

Based on the results from the cross-sectional and cohort study and their limitations, there are 

some fields where further research could be undertaken, to explore more about the 

dyslipidaemia epidemic in China and help with public management of CVDs. 

First, as one of the major limitation of the cohort study is the absence of blood test results 

data in the follow-ups, which makes it difficult to report a relatively precise prevalence of 

dyslipidaemia among the participants in the follow-up surveys. As mentioned in section 3.2, 

CHARLS did perform the blood test every second waves, but the committee has not released 

the blood test results in wave 3 (the 2015 follow-up) until now. Therefore, once the blood test 

results of wave 3 are released by the CHARLS, a refined study which incorporates the newly 

released blood test data is urgently needed, which will enable a precise calculation of the 

overall prevalence of dyslipidaemia among the participants in 2015, provide more precise 

estimation of the awareness and treatment rate, allow the calculation of dyslipidaemia control 

rate, and enable the analysis of different type of dyslipidaemia in the follow-up as well. 

Second, the influence of lifestyle factors has not been examined in detail in this study, 

especially for dietary patterns and physical activities. These two factors play an important 

role in the onset of many chronical conditions including dyslipidaemia, and are key aspects of 

many lifestyle interventions. Therefore, it will be beneficial if further studies can explore 

some deeper interactions between dyslipidaemia and dietary patterns or physical activities, 

and if possible the effectiveness of lifestyle interventions on the control and management of 

dyslipidaemia can be further investigated by randomized control trials which can provide 

more convincing evidences. Another approach which may be beneficial is a more intensive 

survey of a subsample of CHARLS to gather more accurate data on these variables for a deep 

analysis. 

Last but not the least, the factors behind the rural-urban difference also need to be further 

investigated. What factors make urban people more likely to be aware of their dyslipidaemia 

besides the possible effect of education level? What factor contribute to the relatively larger 

increase in treatment rate in urban areas while the treatment rate in urban did not seem to 

increase that much over years? These questions may require some fieldwork and specifically-

designed questionnaires, in addition to a general sociological health survey like CHARLS. If 

some additional factors can be found to be associated with the rural-urban difference, there 

will be more implications to policy makers to help with health equality around the whole 

country. 
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Chapter 6 Conclusion 

This chapter will outline the overall conclusion for the whole research, in the context of 

existing publications and the evidence gap detected. To answer the research questions 

regarding epidemiology of dyslipidaemia in China and its changes over time, this Master 

research conducted a literature review followed by a two-phase epidemiological study using 

the CHARLS dataset including a detailed cross-sectional study of the baseline survey in 2011 

and a cohort study to examine the trend and influential factors of dyslipidaemia epidemic in 

China. Additionally, between the two phases an artificial neural network was built and trained 

to help make predictions on the prevalence of dyslipidaemia for the follow-up surveys due to 

the absence of follow-up blood test data which has not been released to public by the 

CHARLS committee yet. 

According to the literature review, existing publications have pointed out the possible 

increasing prevalence of dyslipidaemia in China, where the CVD burden becomes heavier 

with the process of rapid urbanization. Evidence gap remains where the overall awareness, 

treatment and control rates of dyslipidaemia in China have not been investigated thoroughly, 

and no publications used cohort study to provide a less biased and more convincing 

interpretation of the associated risk factors of dyslipidaemia. This research, making use of the 

cohort dataset CHARLS, contributes to the understanding of dyslipidaemia epidemic in 

China by a combination of detailed cross-sectional analysis and cohort analysis. 

The cross-sectional analysis for the CHARLS baseline survey provides the basic 

understanding of the dyslipidaemia epidemic in China in 2011. The overall prevalence of 

dyslipidaemia was 43.8% (weighted), with a significant higher prevalence in urban areas. The 

major composition of dyslipidaemia was low HDL-C in Chinese population, while high TG 

was also a common type of dyslipidaemia. Despite the high prevalence, the awareness, 

treatment and control rates of dyslipidaemia remained rather low, and there was significantly 

better performance on awareness and treatment uptake in urban areas as well. The cross-

sectional analysis identifies urban residence, elder age, smoking and obesity to be major risk 

factors of dyslipidaemia, while age, education level and obesity have association with 

awareness and treatment of dyslipidaemia. 

According to the cohort analysis, based on the models built either by utilizing the self-report 

surveys or the trained artificial neural network for prediction, the prevalence of dyslipidaemia 

in China kept relatively steady from 2011 to 2015, while the rural-urban difference remained 

significant. The encouraging fact was the increase in awareness and treatment rates, in both 

rural and urban areas, with an amplitude of approximately 50%. Given that cohort study is 

less biased by confounding effect, central obesity is found to be the crucial risk factors in the 

development of dyslipidaemia, while female sex is a potential risk factors of dyslipidaemia 

after menopause. Urban residence and higher education are the explanations for higher 

awareness rate, and only the awareness of dyslipidaemia is found significantly associated 

with anti-dyslipidaemia treatment uptake.  

Therefore, an overall picture of the dyslipidaemia epidemic in China is a steadily high 

prevalence combined with lower but increasing awareness and treatment rates during the past 

a few years, which may contribute to the positive appraisal of the healthcare reform. The 

implications form this study is that weight management will be a possible way to better 



 

60 

 

prevent dyslipidaemia, while education and health promotion programs are indeed needed to 

raise public awareness of dyslipidaemia which will then lead to the increase in treatment 

uptake for better dyslipidaemia control.  
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