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LAY SUMMARY OF THESIS
Diabetes is one of the most common non-communicable diseases (NCDs) in the
world. Socioeconomic status (SES) refers to one or more individual, family or areabased measures of income, education or occupation. Existing evidence shows that in
developed countries people with high SES are less likely to have diabetes, while the
opposite has been found in developing countries. In this thesis, I describe the
association between SES and patterns of diabetes and its complications of type 2
diabetes in China.
First, I conducted a systematic review of research on the topic and found previous
studies reported inconsistent associations between SES (individual or family
measures of education, income or occupation) and presence of type 2 diabetes. Then
I used data to study this association further from the China Health and Retirement
Longitudinal Study, China Kadoorie Biobank and Joint Asia Diabetes Evaluation
Program. I found that Chinese men with higher educational level had a higher risk of
having diabetes and developing new diabetes than men with lower education.
However Chinese women with a higher educational level had lower risk of having
diabetes and developing new diabetes than women with lower educational level.
Both Chinese men and Chinese women with higher household income had a higher
risk of having diabetes and developing new diabetes than those with lower incomes.
In addition, among Hong Kong Chinese people with type 2 diabetes, both men and
women with lower educational level were at a higher risk of developing
cardiovascular disease and dying during the study period than those with higher
educational levels.
This information can be used to develop approaches to preventing diabetes and its
complications in China, to provide an evidence basis to inform policy making, and to
evaluate the effect of policies to reduce socioeconomic and health inequalities.
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ABSTRACT
Introduction
The prevalence of diabetes and other non-communicable diseases (NCDs) in China
has increased markedly in the past few decades due to China’s recent economic
development and urbanisation, which are contributing to socioeconomic and
epidemiological transition. Socioeconomic status (SES) is an important determinant
of health. Evidence from developed countries shows that, during the epidemiological
transition NCDs arise initially in population sub-groups of high SES and then
become more common in lower SES groups. It is well documented that SES is
inversely associated with both diabetes prevalence and incidence in developed
countries. However, the opposite has been found in some developing countries. This
thesis aims to describe the associations between SES and prevalence, incidence and
complications of type 2 diabetes in several contemporary Chinese populations.

Methods
First, I conducted a systematic review of studies reporting the association between
SES (measured by education, income or occupation) and prevalent type 2 diabetes in
mainland China, Taiwan and Hong Kong. Second, I used baseline cross-sectional
data from the China Health and Retirement Longitudinal Study (CHARLS) in 20112012 and China Kadoorie Biobank (CKB) in 2004-2008 to describe the association
between SES (measured by educational level and household expenditure in
CHARLS, and educational level and household income in CKB) and prevalent type 2
diabetes in mainland China. Then, I used prospective data from CKB (from 20042008 to 2013) to describe the association between SES and incident type 2 diabetes
in mainland China. Last, I used prospective data from the Joint Asia Diabetes
Evaluation (JADE) Program (from 2007 to 2017) to describe the association between
SES (measured by educational level) and incident cardiovascular disease (CVD) and
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all-cause mortality in Hong Kong Chinese with type 2 diabetes. I used logistic
regression models to describe the association between SES and prevalent type 2
diabetes, and Cox regression models to describe the association between SES and
incidence or complications of type 2 diabetes.

Results
Thirty-three English language studies and 22 Chinese language studies were included
in the systematic review. The associations between SES, measured by education,
income or occupation, and prevalent type 2 diabetes were inconsistent between
studies.

The CHARLS study population included 4791 men and 5309 women. The odds
ratios (OR) for prevalent diabetes were 1.53 (95% CI: 1.10, 2.15) in men and 0.91
(95% CI: 0.64, 1.28) in women for the highest compared to lowest educational level,
and were 1.20 (95% CI: 0.95, 1.52) in men and 1.22 (95% CI: 0.98, 1.52) in women
for the highest compared to lowest household expenditure group, after adjustment for
age, residence, geographic areas and educational level or household expenditure as
appropriate.

The cross-sectional analyses for CKB included 209352 men and 300867 women of
whom 11616 men and 18450 women had diabetes. The OR for prevalent diabetes
were 1.21 (95% CI: 1.09, 1.35) in men and 0.69 (95% CI: 0.63, 0.76) in women for
the highest compared to lowest educational level, and were 1.45 (95% CI: 1.34, 1.56)
in men and 1.26 (95% CI: 1.19, 1.34) in women for the highest compared to lowest
household income group, after adjustment for age, study areas, family history of
diabetes, educational level or household income as appropriate, and household size
(for household income).
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The prospective analyses for CKB included 197736 men and 282417 women without
diabetes at baseline of whom 3607 men and 5937 women were identified as
developing diabetes during follow-up. The hazard ratios (HR) for incident diabetes
were 1.27 (95% CI: 1.07, 1.51) in men and 0.80 (95% CI: 0.67, 0.95) in women for
the highest compared to lowest educational level, and were 1.36 (95% CI: 1.19, 1.55)
in men and 1.06 (95% CI: 0.95, 1.17) in women for the highest compared to lowest
household income group, after stratification by age (5-year age group) and study
areas, and adjustment for age (continuous), family history of diabetes, educational
level or household income as appropriate, and household size (for household
income).

The analyses of JADE data included 8934 men and 7479 women with type 2
diabetes. The HR for CVD and all-cause mortality were 0.74 (95% CI: 0.61, 0.93)
and 0.65 (95% CI: 0.51, 0.84) in men, and were 0.69 (95% CI: 0.47, 1.02) and 0.42
(95% CI: 0.23, 0.76) in women for the highest compared to lowest educational level,
after adjustment for age, diabetes duration and family history of diabetes.

Conclusions
Educational level was positively associated with prevalent and incident diabetes in
Chinese men, while these associations were inverse in Chinese women in both
CHARLS and CKB. Household income was positively associated with prevalent
diabetes in both Chinese men and women in CHARLS. However, household income
was positively associated with incident diabetes in men, but there was no significant
association between household income and incident diabetes in women in CKB. In
contrast, educational level was inversely associated with risk of CVD and all-cause
mortality in both Hong Kong Chinese men and women with type 2 diabetes.
Information on socioeconomic inequalities in diabetes prevalence, incidence and
complications in China can be used to plan health services, to develop approaches to
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primary and secondary prevention of diabetes and to monitor the epidemiological
transition and the effects of policies designed to reduce socioeconomic and health
inequalities.
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Chapter 1. Diabetes, socioeconomic status and the
epidemiological transition in China

1.1 Chapter introduction
This chapter provides background information about diabetes, socioeconomic status
(SES) and the epidemiological transition in China. It starts with the definition,
classification, diagnostic criteria, risk factors, complications, and epidemiology of
diabetes. Next, it describes the definition of SES, and different measures of SES in
detail, focusing on income, education and occupation, and the relationship between
SES and health. Finally, an overview of the historical background of China including
economic development, urbanisation and the epidemiological transition is given.

1.2 Diabetes
1.2.1 Definition of diabetes
“Diabetes mellitus (DM) is a group of metabolic diseases characterised by
hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion, insulin action, or both” (World Health
Organization, 1999). It occurs when the pancreas cannot produce any or enough
insulin because of the destruction of the β-cells of the pancreas, or when the body
cannot respond properly to the insulin it produces that results in resistance to insulin
action, making blood glucose levels higher than normal (American Diabetes
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Association, 2018).

Uncontrolled diabetes is associated with chronic hyperglycemia, and over time it
leads to long-term damage, dysfunction and failure of various organs. In the most
severe acute stage, ketoacidosis or the nonketotic hyperosmolar syndrome may
develop. The characteristic symptoms of poorly controlled diabetes include polyuria,
polydipsia, polyphagia weight loss, and sometimes blurring of vision.

1.2.2 Classification of diabetes
There are four major categories of diabetes, including type 1 diabetes, type 2
diabetes, gestational diabetes and other specific types (American Diabetes
Association, 2018). This thesis will focus on type 2 diabetes.

1.2.2.1 Type 2 diabetes
Type 2 diabetes, previously known as non-insulin-dependent diabetes (NIDDM), or
adult-onset diabetes, is characterised by a combination of resistance to insulin action
and a relative (rather than absolute) deficiency of insulin secretion, either of which
could be the predominant feature (American Diabetes Association, 2018). Various
risk factors have been linked to type 2 diabetes, however, it is believed type 2
diabetes is largely the result of the interaction between lifestyle, environmental and
genetic factors.

Type 2 diabetes is the most common form of diabetes, accounting for about 90%95% of diabetes worldwide (American Diabetes Association, 2018). It usually
appears in people older than 45 years of age, but sometimes it may also occur in
children and adolescents, and can begin at any time in people’s life. The symptoms
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of type 2 diabetes are not always obvious or there may be no symptoms for years in
patients. Type 2 diabetes develops gradually over time, and it may remain
undiagnosed for many years until complications occur or a blood glucose test is
done. Long standing and uncontrolled type 2 diabetes can lead to an increased risk of
developing a number of serious health complications (see Chapter 1, section 1.2.5
Complications of diabetes). Most people with type 2 diabetes do not need insulin to
survive, but insulin treatment may be required to manage blood glucose levels.

Resistance to insulin is a key pathogenic feature of type 2 diabetes (Reaven, 1988,
Martin et al., 1992). Under normal conditions, the β-cells in pancreas increase insulin
release when there is an increased demand for insulin (Polonsky et al., 1988, Kahn et
al., 1993). Insulin resistance occurs when organs such as the liver, muscle and
adipose tissue fail to respond to normal or high insulin levels. In response to the
body’s low insulin sensitivity, the β-cells release greater amounts of insulin to keep
blood glucose stable. Eventually, the β-cells are unable to produce enough insulin to
compensate for the insulin resistance resulting in higher blood glucose levels and
type 2 diabetes (Kahn, 2001).

1.2.2.2 Type 1 diabetes, gestational diabetes and other specific types
Type 1 diabetes, is characterised by an absolute deficiency of insulin secretion due to
loss of pancreatic β-cell function (American Diabetes Association, 2018). Type 1
diabetes is present in about 5%-10% of all people with diabetes. It commonly
appears before the age of 40 years, with peaks in incidence occurring between 5-7
years of age and at puberty, but it may also develop at any age (Humphrey et al.,
1998, Harjutsalo et al., 2008).

Gestational diabetes (GDM) is glucose intolerance resulting in hyperglycaemia with
onset or first recognition during pregnancy (American Diabetes Association, 2018).
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Other specific types of diabetes include genetic defects of β-cell function, genetic
defects in insulin action, diseases of the exocrine pancreas, endocrinopathies, drug or
chemical induced, infections, uncommon forms of immune-mediated diabetes and
other genetic syndromes sometimes associated with diabetes (American Diabetes
Association, 2018).

1.2.3 Diagnostic criteria for diabetes
According to the World Health Organization (WHO) and the American Diabetes
Association (ADA), diabetes is diagnosed on the basis of results of tests of fasting
plasma glucose (FPG), 2-h post plasma glucose after a 75g oral glucose tolerance test
(OGTT) or glycated haemoglobin (HbA1c) (World Health Organization, 2011,
American Diabetes Association, 2018). In addition, random plasma glucose together
with hyperglycemia symptoms are also included in the ADA criteria. Detailed
diagnostic criteria for diabetes according to WHO and ADA are presented in Table 1.
In clinical practice, a second positive test is required to confirm the diagnosis of
diabetes if a patient is asymptomatic (American Diabetes Association, 2018). The
prevalence of diabetes varies within populations depending on which criteria are
used. The fasting plasma glucose criterion dropped from 7.8 to 7.0 mmol/L in 1997,
which contributes to increasing incidence prevalence of diabetes in the world over
time (Wareham and O’Rahilly, 1998).
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Table 1. Diagnostic criteria for diabetes according to World Health
Organisation 2010 and American Diabetes Association 2018
WHO 2010

ADA 2018

Glucose concentration, mmol/L (mg/dL)
Fasting plasma glucose

≥ 7.0 (≥ 126)

≥ 7.0 (≥ 126)

≥ 11.1 (≥ 200)

≥ 11.1 (≥ 200)

≥ 6.5%

≥ 6.5%

/

A random plasma glucose ≥ 11.1 (≥200)

OR
2-h post 75g glucose load
OR
HbA1c
OR
Other

in patients with classic symptoms of
hyperglycemia or hyperglycemia crisis.

1.2.4 Main risk factors for type 2 diabetes
Development of type 2 diabetes is the results of the interaction between lifestyle,
environmental and genetic factors. According to the ADA, overweight or obese
adults who have one or more of the following risk factors: 1) HbA1c ≥ 5.7%,
impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) on previous
testing; 2) family history of diabetes; 3) high-risk race/ethnicity (e.g. African
American, Latino, Pacific Islander); 4) women with GDM; 5) history of
cardiovascular diseases; 6) hypertension; 7) HDL cholesterol level < 35 mg/dL
and/or a triglyceride level > 250 mg/dL; 8) women with polycystic ovary syndrome;
9) physical inactivity; other clinical conditions associated with insulin resistance, and
all people aged 45 years or older are at high risk of developing type 2 diabetes and
are recommended to have screening tests for diabetes (American Diabetes
Association, 2018). It should be noted that the role of screening for type 2 diabetes is
controversial and the cost-effectiveness of screening has not yet been established
(Barry et al., 2017). A description of the main risk factors for type 2 diabetes is given
below.
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1.2.4.1 Age
Age is the main risk factor for type 2 diabetes. The risk of developing type 2 diabetes
increases as a person gets older, especially after the age of 45 years (American
Diabetes Association, 2018). According to the China national diabetes survey in
2013, among Chinese adults aged 18 years or older, the weighted (coefficients were
used to provide estimates the overall Chinese population aged 18 years or older
according to 2010 Chinese population census to were used) prevalence of diabetes
(combined self-reported and screen-detected1) was 5.9% (95% CI: 5.1%, 6.6%) in
the age group of less than 40 years, 12.9% (95% CI: 12.3%, 13.5%) in people aged
40-59 years and 20.2% (95% CI: 19.1%, 21.2%) in people aged 60 years or older
(Wang et al., 2017). The sample selected in the 2013 China national diabetes survey
was not nationally representative and so some population sub-groups might be overor under-represented. As a result, the weighted prevalence of diabetes was calculated
in order to correct for potential selection bias and to provide a more representative
estimate. The weights are usually developed in a series of survey stages to
compensate for unequal probabilities of selection, to compensate for non-response,
and to adjust the weighted sample distribution for variables of interest to make it
conform to a known population distribution (Kalton and Flores-Cervantes, 2003). In
the procedures of weighting, an adjustment weight is calculated based on the
variables of interest and is assigned to each participant in the survey to represent the
population of inference as closely as possible. For multi-stage designs, the base
weights should reflect the probabilities of selection at each stage.

1.2.4.2 Sex
Men are more likely to develop type 2 diabetes than women in most populations.
Globally, the prevalence of diabetes was higher in men than women across almost all
Self-reported diabetes is defined as participants with a self-reported history of diabetes, and screen-detected
diabetes is defined as participants diagnosed with diabetes by screening test but without self-reported diabetes.
1
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age groups in 2017 as estimated by the International Diabetes Federation (IDF)
(International Diabetes Federation, 2017). In China, 11.7% (95% CI: 10.9%, 12.4%)
of men and 10.2% (95% CI: 9.7%, 10.7%) of women had diabetes in the 2013
national diabetes survey (Wang et al., 2017). Studies have reported that men are in
general more insulin resistant than women, and are biologically more susceptible to
develop type 2 diabetes with less weight gain than women across the age range (Geer
and Shen, 2009, Logue et al., 2011).

1.2.4.3 Family history and history of gestational diabetes
People who have a first- or second-degree relative, or women who developed
diabetes during pregnancy, are at higher risk of type 2 diabetes than people without a
family or personal history of diabetes or gestational diabetes. A systematic review of
ten studies found a 2- to 6-fold increased risk of type 2 diabetes in people with a
family history of diabetes compared with those with no family history of diabetes
(Harrison et al., 2003). A meta-analysis of 20 cohort studies found women with
gestational diabetes had about seven times the risk (relative risk [RR]: 7.43, 95% CI:
4.79, 11.51) of developing type 2 diabetes compared with those who had a
normoglycaemic pregnancy (Bellamy et al., 2009). The RR for gestational diabetes
appear to similar across all ethnic groups (Pu et al., 2015).

1.2.4.4 Overweight and obesity
Overweight and obesity are believed to be the major determinant of the development
of type 2 diabetes, as most, but not all, people with type 2 diabetes are overweight or
obese (American Diabetes Association, 2018). Body mass index (BMI) is commonly
used to classify overweight and obesity in adults. According to WHO classification,
obesity is defined as a BMI of 30 kg/m2 and above, and overweight is defined as a
BMI of 25 kg/m2 and above but less than 30 kg/m2 (World Health Organization,
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2017). However, ethnic-specific BMI cut-off points for the definition of overweight
and obesity may be used in different ethnic populations. In Chinese adults, a BMI of
28 kg/m2 and above for obesity, and a BMI of 24 kg/m2 and above but less than 28
kg/m2 for overweight is recommended (Zhou, 2002). Based on a meta-analysis of 18
prospective cohort studies, the overall RR of diabetes was 7.2 (95% CI: 5.7, 9.0) for
obese and 3.0 (95% CI: 2.4, 3.7) for overweight people compared with those with
normal weight (Abdullah et al., 2010). According to the 2013 China national diabetes
survey, the weighted prevalence of diabetes was 21.1% (95% CI: 19.5%, 22.7%) and
15.4% (95% CI: 14.6%, 16.2%) in Chinese adults who were obese (BMI ≥30 kg/m2)
and overweight (25≤ BMI <30 kg/m2) respectively, while the prevalence was only
7.8% (95% CI: 7.3%, 8.4%) in those with normal BMI (Wang et al., 2017).

1.2.4.5 Physical activity
A firm and consistent association between increased physical activity and decreased
risk of type 2 diabetes in people who are at high risk of diabetes has been found by
many prospective cohort studies (Pan et al., 1997b, Tuomilehto et al., 2001, Diabetes
Prevention Program Research Group, 2002). A meta-analysis of 10 prospective
cohort studies found that the RR of type 2 diabetes was 0.69 (95% CI: 0.58, 0.83)
among people with regular participation in physical activity of moderate intensity as
compared with people who were sedentary, and was 0.70 (95% CI: 0.58, 0.84) for
regular walking (typically ≥2.5 h/week brisk walking) as compared with almost no
walking (Jeon et al., 2007). The China Da Qing Diabetes Prevention Study found
that compared with those without any interventions, physical activity (increased
leisure time physical activity) led to a statistically significant 46% reduction in risk
of diabetes over a 6-year intervention period among people with IGT (Pan et al.,
1997b).
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1.2.4.6 Diet
Dietary patterns greatly affect the risk of type 2 diabetes (Van Dam et al., 2002, Shai
et al., 2006, Pan et al., 2013, Ley et al., 2014). A review reported that consumption of
polyunsaturated fat is associated with a reduced risk for type 2 diabetes, while intake
of a diet high in saturated fat and trans-fat is associated with an increased risk (Hu et
al., 2001b). In addition, a low-glycaemic index diet with a higher amount of fibre,
minimally processed whole grain foods, diet high in fruits, vegetable, fish and
poultry and low in red meat, sugar-sweetened beverage and starchy foods is
associated with significantly reduced risk of type 2 diabetes (Hu et al., 2001b,
Esposito et al., 2010, Alhazmi et al., 2014). In China Da Qing Diabetes Prevention
Study, compared with those without any interventions, the diet interventions
(increased vegetable intake, lower alcohol and sugar intake) was associated with a
31% reduction in risk of developing diabetes over a 6-year intervention period
among people with IGT (Pan et al., 1997b).

1.2.4.7 Smoking
Large prospective studies have reported that both active and passive smoking are
associated with an increased risk of type 2 diabetes (Rimm et al., 1993, Rimm et al.,
1995, Uchimoto et al., 1999, Spijkerman et al., 2014). A meta-analysis of 88
prospective studies reported that the risk of developing type 2 diabetes for active
smokers was 37% (95% CI: 33%,42%) higher than for non-smokers, for former
smokers was 14% (95% CI: 10%,18%) higher than never smokers, and for passive
smokers was 22% (95% CI: 10%,35%) higher than never smokers (Pan et al., 2015).
These associations were similar in studies including participants with mean age less
than 50 years and 50 years or more, and with and without adjustment for BMI,
physical activity, dietary variables or alcohol intake. Furthermore, a dose-response
relationship was identified for current smoking and type 2 diabetes. Compared with
never smoking, the RRs were 1.21 (95% CI: 1.10,1.33), 1.34 (95% CI: 1.27, 1.41)
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and 1.57 (95% CI: 1.47, 1.66) for light, moderate and heavy smoking, respectively.

1.2.4.8 Alcohol consumption
It is reported that consuming low to moderate amounts of alcohol may increase
insulin sensitivity and slow glucose uptake from a meal (Mayer et al., 1993, Facchini
et al., 1994, Kiechl et al., 1996). A protective effect of light to moderate alcohol
consumption on risk of type 2 diabetes has been described in several prospective
studies (Perry et al., 1995, Tsumura et al., 1999). Conversely, some studies have
indicated heavy alcohol consumption as a risk factor for type 2 diabetes (Holbrook et
al., 1990, Kao et al., 2001). A meta-analysis of 20 cohort studies found a U-shaped
relationship between alcohol consumption and risk of type 2 diabetes for both sexes
whereby moderate alcohol consumption was protective, while heavy alcohol
consumption was a risk for developing type 2 diabetes (Baliunas et al., 2009).

1.2.4.9 High blood pressure
High blood pressure, or hypertension, is a condition that is often present in people
with diabetes. People are at higher risk of type 2 diabetes if they have ever had high
blood pressure. A meta-analysis of 30 prospective cohort studies found that each 20
mm Hg higher systolic blood pressure (SBP) was associated with a 77% (95% CI:
53%, 105%) higher risk of developing type 2 diabetes (Emdin et al., 2015).

1.2.4.10 Psychosocial risk factors
Several types of psychosocial factors are strongly associated with the development of
type 2 diabetes, such as emotional distress, exposure to life stress, early life adversity
and personality traits (Hackett and Steptoe, 2016). A meta-analysis of 13 prospective
studies found that the RR for incident type 2 diabetes associated with baseline
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depression was 1.60 (1.37, 1.88) (Mezuk et al., 2008). Data from baseline survey of
China Kadoorie Biobank (CKB) showed that among 0.5 million Chinese adults aged
30-79 years in 2004-2008, major depression was significantly associated with selfreported prevalent type 2 diabetes (OR: 1.75, 95% CI: 1.47, 2.08), but not with
screen-detected type 2 diabetes. Generalised anxiety disorder was significantly
associated with self-reported (OR: 2.14, 95% CI: 1.60, 2.88) and modestly associated
with screen-detected (OR: 1.44, 95% CI: 0.99, 2.08) prevalent type 2 diabetes
(Mezuk et al., 2013).

1.2.5 Complications of type 2 diabetes
Uncontrolled type 2 diabetes and its associated risk factors increase the risk of both
macrovascular (cardiovascular disease [CVD]) and microvascular complications
(retinopathy [eye disease], nephropathy [kidney disease], and neuropathy [nerve
disease]) (International Diabetes Federation, 2017, American Diabetes Association,
2018).

1.2.5.1 Cardiovascular disease
Cardiovascular disease is the main complication of diabetes, and also is the most
common cause of morbidity and pre-mature mortality in people with diabetes
(Stirban and Tschoepe, 2008). Data from CKB, a prospective cohort study of 0.5
million Chinese adults aged 30-79 years with a median of 7 years follow-up, found
that both self-reported and screen-detected diabetes were associated with higher risks
of major cardiovascular events (Bragg et al., 2016). The results were shown in Table
2.
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Table 2. Adjusted HRs associated with self-reported diabetes and screendetected diabetes for major coronary events, ischaemic stroke and intracerebral
haemorrhage in CKB
Outcomes

HRs (95% CIs)
Self-reported

Screen-detected

Major coronary events

2.44 (2.18, 2.73)

1.62 (1.40, 1.86)

Ischaemic stroke

1.68 (1.60, 1.77)

1.48 (1.40, 1.57)

Intracerebral haemorrhage

1.24 (1.07, 1.44)

1.17 (1.01, 1.36)

Cardiovascular mortality

2.07 (1.90, 2.26)

1.66 (1.51, 1.83)

Models were stratified by 5-year age group, study area, and sex, and adjusted for educational level,
smoking, alcohol consumption, SBP and physical activity.

1.2.5.2 Retinopathy
Diabetic retinopathy, also known as diabetic eye disease, is a common complication
of diabetes. In addition to poor glycaemic and blood pressure control, duration of
diabetes is a key risk factor for development of retinopathy. Currently, diabetic
retinopathy is a leading cause of new cases of blindness among adults across the
globe (Cheung et al., 2010). According to a meta-analysis published in 2012, the
prevalence of diabetic retinopathy was estimated to be about 1.3% (95% CI: 0.5%,
3.2%) in the general Chinese population, and 23% (95% CI: 17.8%, 29.2%) in
people with diabetes in China (Liu et al., 2012).

1.2.5.3 Nephropathy
Diabetic nephropathy is a serious diabetes-specific complication, characterised by
persistent proteinuria and progressive loss of renal function. Among people with type
2 diabetes, about 20% to 40% of people with microalbuminuria progress to
nephropathy after 20 years from the onset of diabetes, if there is no intervention
(Aldukhayel, 2017). In China, diabetic nephropathy has become the number one
cause of chronic kidney disease in hospitalised population in 2015, and a leading
cause of end-stage renal disease in the general population (Zhang et al., 2016). It is
estimated that approximately 30%-40% Chinese with diabetes develop diabetic
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nephropathy (Yang et al., 2010).

1.2.5.4 Neuropathy
Diabetic neuropathy is a type of nerve disease and is the leading cause of nontraumatic amputations among people with diabetes (Al-Geffari, 2012, Pop-Busui et
al., 2017). The most common form of diabetic neuropathy is peripheral symmetric
sensorimotor neuropathy, and other forms include cranial and peripheral motor
neuropathies and autonomic neuropathy (Nathan, 1993). Population-based data
describing prevalence of diabetic neuropathy are sparse in China. Two hospital-based
studies, one from four Chinese cities (Liu et al., 2010b) and the other from eight
Chinese cities (Liu et al., 2010a), reported that the prevalence of diabetic neuropathy
in outpatients with type 2 diabetes were 17.8% and 17.2%, respectively.

1.2.6 Epidemiology of diabetes
1.2.6.1 The prevalence and mortality of diabetes in the world
The prevalence of diabetes around the world has increased markedly in recent
decades. From 1980 to 2014, the estimated prevalence of diabetes rose from 4.3% to
9.0% in men aged 18 years or older, and from 5.0% to 7.9% in women in the same
age group (NCD Risk Factor Collaboration, 2016). Globally, as of 2017, it was
estimated, based on extrapolation of existing data, that there are about 425 million
(8.8%) adults aged 20-79 years with diabetes, including 212.4 million people with
undiagnosed diabetes (International Diabetes Federation, 2017). This number of
people aged 20-70 years with diabetes is estimated to rise to 629 million by 2045,
reflecting 9.9% of the world adult population if estimates of age and sex specific
diabetes prevalence remain stable and population projections and estimates of
urbanisation trends are correct (International Diabetes Federation, 2017). Most of the
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increase is expected to happen in type 2 diabetes, and in areas where economies are
growing from low-income to middle-income levels (International Diabetes
Federation, 2017).

Diabetes and its complications are leading causes of premature mortality in most
countries (International Diabetes Federation, 2017). The number of deaths from
diabetes is thought to have doubled between 1990 and 2010 globally (Lozano et al.,
2012). In 2017, diabetes is estimated to have led to about 4.0 million deaths in adults,
making up 10.7% of global all-cause mortality (International Diabetes Federation,
2017).

1.2.6.2 The prevalence and mortality of diabetes in China
China is estimated to have the largest number of people with diabetes in the world
estimated by International Diabetes Federation in 2017 (International Diabetes
Federation, 2017). This is of course partly explained by the fact that China has the
largest population of any country in the world. Along with the rapid economic
development, urbanisation and aging, China has experienced a dramatic rise in the
prevalence of diabetes in the past four decades. According to previous national
diabetes surveys, the estimated prevalence of type 2 diabetes (combined self-reported
and screen-detected) increased from about 0.9% in adults aged 30 years or older in
1980, to 2.5% in adults aged between 25 and 64 in 1994, 5.5% in adults aged
between 35 and 74 in 2000, 9.7% in adults aged 20 years or older in 2008, 11.6% in
adults aged 18 years or older in 2010, and 10.9% in adults aged 18 years and older in
2013 (Chan et al., 2014, Wang et al., 2017, Ma, 2018). It is important to note that
HbA1c was used to diagnose diabetes in 2010 and 2013 survey. The latest China
diabetes survey reported that the overall prevalence of diabetes (defined as a selfreported diagnosis, FPG level of 7.8 mmol/L or greater, 2-hour plasma glucose level
of 11.1 mmol/L or greater after 75 g glucose, or HbA1c level of 47.5 mmol/mol
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[6.5%] or higher) in the Chinese adult aged 18 years or older was 10.9% (95% CI:
10.4%, 11.5%) in 2013, of which 63.5% (95% CI: 61.4%, 65.7%) had previously
been undiagnosed (Wang et al., 2017). Furthermore, the weighted (weight
coefficients to represent the overall Chinese population aged 18 years or older
according to 2010 Chinese population census to were used) prevalence was higher in
urban areas (12.6%, 95% CI: 11.7%, 13.6%) than rural areas (9.5%, 95% CI: 9.0%,
10.1%), and was higher in economically developed areas (11.8%, 95% CI:
11.0%,12.7%) than in undeveloped areas (9.6%, 95% CI: 8.3%,10.8%). However, the
mortality of people from diabetes in China reduced between 2006 and 2012, with an
age-standardised (using the Chinese census in 2010 as the standard population)
diabetes mortality rate of 15.7 in 2006 and 13.8 in 2012 per 100,000 among Chinese
adults aged 20 years and older based on nationwide data across all 31 provinces in
China (Zhou et al., 2015b). Table 3 describes the national surveys of prevalence of
type 2 diabetes in China in the past four decades.
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Table 3. Summary of national surveys of prevalence of type 2 diabetes in China in the past four decades
Study year (author)

Number of

Age (years)

Diabetes prevalence

Proportion

(%)

undiagnosed (%)

participants
1980 (National Diabetes Co-

Diagnostic criteria for diabetes

107954

≥30

0.9

NA

NA

213515

25-64

2.5

NA

Self-reported, FPG ≥7.8 mmol/L or 2h plasma

operative Study Group, 1981)
1994 (Pan et al., 1997a)

glucose ≥11.1 mmol/L
2000 (Gu et al., 2003)

15540

35-74

5.5

76.0

Self-reported, FPG ≥7.0 mmol/L

2008 (Yang et al., 2010)

46239

≥20

9.7

58.7

Self-reported, FPG ≥7.0 mmol/L or 2h plasma
glucose ≥11.1 mmol/L

2010 (Xu et al., 2013)

98658

≥18

11.6

69.9

Self-reported, FPG ≥7.0 mmol/L, 2h plasma
glucose ≥11.1 mmol/L or HbA1c ≥47.5
mmol/mol (6.5%)

2013 (Wang et al., 2017)

170287

≥18

10.9

63.5

Self-reported, FPG ≥7.0 mmol/L, 2h plasma
glucose ≥11.1 mmol/L or HbA1c ≥47.5
mmol/mol (6.5%)

NA: not available, FPG: fasting plasma glucose, HbA1c: haemoglobin A1c.
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1.3 Socioeconomic status
1.3.1 Definition of socioeconomic status
Socioeconomic status, also known as socioeconomic position or social class, is
conceptualised as a position that an individual occupies in the structure of society
due to social or economic factors (Lynch and Kaplan, 2000). It is an indicator of
access to collectively desired resources (e.g. power, wealth, social connections,
healthcare and educational opportunities) and ability to participate in society’s
rewards (Cowan et al., 2013). Socioeconomic status has been reported to be
consistently associated with various health outcomes with different associations in
different populations (World Health Organization, 2010).

1.3.2 Indicators of socioeconomic status
Socioeconomic status cannot be measured directly, but it can be described using
several indicators. The most important and most commonly used indicators are
income, education and occupation; however, there are also other indicators of SES
such as wealth, living expenditure, house condition, car value, and area of residence
(Krieger et al., 1997, Lynch and Kaplan, 2000, Lahelma et al., 2004).

Education is the most basic indicator of SES (Adler and Newman, 2002). It is
generally predictive of future working opportunities and earning potential, and
reflects family characteristics (Psacharopoulos, 1985, Liberatos et al., 1988).
Education is stable and constant through the adult life course, as it is usually
complete in young adulthood (Galobardes et al., 2006). Income is another important
indicator of SES that is not used as frequently as education in epidemiological
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studies. Income indicates ability to purchase desired resources, directly measuring
the material resources and proving access to prestige and power. Unlike education,
income is unstable and sensitive to changes in life circumstances. Occupation is a
reliable indicator of relative standing in industrial societies, and it has been used as a
marker of social stratification (Haug, 1977, Krieger et al., 1997). Occupation is
highly related to both income and education, as it represents people’s economic
circumstances and the education required for acquiring employment. The three main
indicators of SES are closely interrelated but do not fully overlap.

1.3.3 Measures of socioeconomic status indicators
Measures of SES can be applied to individuals, families, neighbourhoods,
communities and geographic areas including single indicators as described above and
composite measures (Liberatos et al., 1988, Manthalu et al., 2010).

1.3.3.1 Education
A measure of education is relatively easy to report for most individuals. Unlike
income, people are usually willing to answer questions about their education
truthfully (Krieger et al., 1997). Education can be measured as a continuous variable
in terms of years of formal education completed or a categorical variable defined as
the highest education level a person completed (e.g. primary school, high school,
college or higher), and sometimes, literacy may also be used, which reflects skills
achieved from education (Liberatos et al., 1988, Howe et al., 2012). The continuous
measure is based on the assumption that every year of education makes similar
contributions to SES that may not be appropriate (Faia, 1981). As a result,
categorical measures of educational level are more often used and studies have
reported that academic certification has a more significant impact on occupational
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prestige independently of years of school completed (Faia, 1981).

1.3.3.2 Income
Income can be also measured as either a continuous variable or a categorical
variable. People can be asked to report their current exact income or place
themselves within a range based on month or year (Pappas et al., 1993, Duncan et al.,
2002). In population based studies, household total income is more widely used than
individual income, in particular for women in many populations, who may not be the
main earners in the family (Galobardes et al., 2006). Income data may be hard to
obtain as people consider it sensitive information and are reluctant to reveal it; so the
proportion of people who do not respond to questions about income is often higher
than that of other SES indicators, and it is more likely to be under- or over-estimated
(Turrell, 2000, Galobardes et al., 2006). As a result, a categorical method of
representing questions is more common, as people tend to be more comfortable
describing their income in categories than reporting an amount.

1.3.3.3 Occupation
Occupation is usually measured as current, most recent or longest held job of a
person, and some studies use the highest status occupation in the family to
characterise the SES of the whole family (Galobardes et al., 2006). Many different
classification systems have been designed in different countries to describe
occupation classification such as British Registrar General’s Scale used in the UK,
Israel and Australia, and Edwards’ Social-Economic Grouping of Occupations used
in the US (Nam, 1963, Abramson et al., 1982, Daniel, 1984, Smith, 1987).
Occupation is generally ranked from unskilled manual labour to skilled non-manual
work to present different levels of SES based on the level of skills involved (Swai et
al., 1990, Kumari et al., 2004, Cabrera et al., 2005). However, occupation may be the
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most difficult indicator of SES to measure. There is often major heterogeneity within
the same occupational classification. Furthermore, in countries where standard
occupational classification has not been estimated, it is not easy to rank occupation
classification from high to low SES. It addition, occupation, as a measure of SES,
does not work well for people who are retired, unemployed, self-employed and those
who are househusbands or housewives (Galobardes et al., 2006).

1.3.3.4 Area based measures and composite measures
In contrast to measures of SES focusing on individual’s characteristics, area-based
SES indicators are used to describe the social and economic conditions of individuals
who share a similar environment, especially when data on SES are not available for
individual people (Kaplan, 1999). Areas corresponding to postal codes, census tracts,
geographic locations, neighbourhoods and communities are commonly used to
classify SES using information on income, education, occupation, and other
measures of individuals residing within these areas (e.g. Scottish Index of Multiple
Deprivation) (O'Campo et al., 1997, Pearl et al., 2001, Shavers, 2007, Abdul-Rahim
et al., 2014). Other well-known composite measures of SES, include the Duncan
Socioeconomic Index (SEI), the Townsend Deprivation Scores (TDSs), the British
Cambridge Social Interaction and Stratification Scale (CAMSIS), the National
Statistics Socioeconomic Classification (NS-SEC), and the Household Prestige Scale
(HHP) (Rossi et al., 1974, Stevens and Featherman, 1981, Townsend, 1987, Prandy,
1998, Chandola, 2000). It is important to note that there is no single best indicator
measure reflecting SES. Different measures provide different aspect of SES and
provide different information. (Kunst and Mackenbach, 1990, Syme et al., 1996). In
addition, the choice of measure of SES should take into consideration the research
question, health outcomes and the nature of studies.
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1.3.4 Association between socioeconomic status and health
The association between SES and health has been observed and systematically
assessed since the 19th century and has been proven to be robust (Liberatos et al.,
1988). SES has been generally recognised as one determinant of population health
that clearly predicts the health status of an individual whether assessed by income,
education or occupation, although it has no direct biological connection to disease
(Cutler et al., 2008). Furthermore, SES is an important variable in health studies, as it
is most often considered as a potential confounder of relationships between other
variables and health, but may also be considered as a risk factor or a descriptive
variable of the study sample (Liberatos et al., 1988, Marmot et al., 1991).

Socioeconomic status has profound effects on health. It is linked to a wide range of
non-communicable diseases (NCDs), such as hypertension, obesity, cardiovascular
disease, diabetes and cancer with different strengths and directions of associations in
different populations (Cella et al., 1991, Agardh et al., 2004, McLaren, 2007, Grotto
et al., 2008, Clark et al., 2009). Evidence from patterns of disease over time in
developed countries shows that during epidemiological transition, NCDs arise
initially in high SES groups and then shift to affecting low SES groups to a greater
extent (World Health Organization, 2010). The changing pattern of association
between SES and NCDs from being positive to inverse during the epidemiological
transition is likely to be replicated in developing countries, and the socioeconomic
gradient in NCDs is strongly related to countries’ stages of economic development,
urbanisation and public health policies.

Previous studies have reported that SES may influence health through complex
processes involving access to health care, health behaviours and environmental
exposures (Adler and Newman, 2002). People with higher SES have greater access
to, make more use of and have higher quality of health care than people with lower
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SES, which often enables them to lead healthier lives (Adler and Newman, 2002).
People with lower SES typically lack money to afford more health resources, such as
routine health checks and high quality medical treatment (Waller et al., 1990, Muir et
al., 1994). Health behaviours vary by SES that higher SES tends to be associated
with greater health-enhancing self-maintenance activities in countries that have been
through the epidemiological transition (Ross and Wu, 1995, Lynch et al., 1997).
Higher prevalence of behavioural risk factors for NCDs have been found in
individuals with lower SES in the majority of developed countries where lower SES
is generally associated with higher rates of smoking, excessive alcohol consumption,
unhealthy diet habits, obesity and physical inactivity (Ford et al., 1991, Owen and
Bauman, 1992, Gortmaker et al., 1993, Krebs-Smith et al., 1995, Van Oers et al.,
1999, Hiscock et al., 2012). In addition, lower SES is likely to be associated with
worse physical environments such as hazardous wastes, air pollution, water pollution
and ambient noise (Fidell, 1978, Brajer and Hall, 1992, Calderon et al., 1992, Mohai
and Bryant, 1992). Lower SES may also reflect worse social networks and greater
stress which also affect disease risk (Brunner, 1997, Berkman and Glass, 2000).

1.3.5 Association between socioeconomic status and diabetes
The association between SES and type 2 diabetes has been described in several
studies. Many risk factors, such as age, overweight/obesity, physical inactivity and
unhealthy diet, have consistently shown an association with both SES and type 2
diabetes across different populations. However, the association between SES and
diabetes is not consistent across population groups. Studies from high-income
countries have reported that type 2 diabetes was more prevalent among people with
low SES (Meadows, 1995, Connolly et al., 2000, Evans et al., 2000, Robbins et al.,
2001, Tang et al., 2003, Espelt et al., 2008), whereas studies from low- and middleincome countries have reported a positive association between SES and prevalence
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of type 2 diabetes (Ali et al., 1993, Sayeed et al., 1997, Ramachandran et al., 2001,
Illangasekera et al., 2004). A meta-analysis of 23 studies found that the risk for
developing type 2 diabetes was 41% (95% CI: 28%, 51%), 40% (95% CI: 4%, 88%)
and 31% (95% CI: 9%, 57%) higher among people with the lowest educational level,
income and occupation than people with the highest levels of these measures
(Agardh et al., 2011). However, most studies included in the meta-analysis were from
high-income countries, and evidence from middle- and low-income countries for the
association between SES and incidence of diabetes is still sparse.

1.4 Economic development, urbanisation and
epidemiological transition and healthcare system in China
1.4.1 General overview
China is the third largest country in terms of geographic area in the world after
Russia and Canada (The World Bank, 2017a). It currently has 34 province-level
administrative divisions, classified as 23 provinces (including Taiwan Province), four
municipalities, five autonomous regions and two special administrative regions
(Hong Kong and Macao). According to the National Bureau of Statistics of China2,
China is divided into four economic regions1 based on the level of social and
economic development. The four economic regions include Eastern, Northeastern,
Central and Western region, with the ranking from high to low per capita disposable
income of household (Figure 1) (National Bureau of Statistics of China, 2017).
The Eastern region includes the following ten provinces and municipalities: Beijing, Tianjin, Hebei,
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan. The Central region includes
the following six provinces: Shanxi, Anhui, Jiangxi, Henan, Hubei and Hunan. The Western region
includes the following 12 province, municipalities and autonomous regions: Inner Mongolia, Guangxi,
Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang. The
Northeastern region includes the flowing three provinces: Liaoning, Jilin and Heilongjiang. Hong Kong,
Macao and Taiwan are not included in the four economic regions.
2
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Figure 1. Map illustrating the four economic regions of China defined by the
National Bureau of Statistics of China (data from China Statistical Yearbook
2016)
China has the largest population in the world, with over 1.36 billion residents in
2015, which represents about 20% of the world’s total population (The World Bank,
2017a). The overall population density of China is very uneven, with the highest
densities of the population occur in eastern and southern parts (Figure 2). In the four
economic regions of China, the Eastern region contains the largest population with
38.2% of the total population, followed by 26.6% in the Central region, 27.0% in the
Western region and 8.1% in the Northeastern region in 2015 (National Bureau of
Statistics of China, 2017).

Figure 2. Map illustrating China’s population density by province in 2015 (data
from China Statistical Yearbook 2016)
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1.4.2 Economic development
China’s economic system was maintained as a centrally planned economy from 1949
(when the People’s Republic of China was established) to 1978, after which it was
reformed as a socialist market economic system. After the 1978 Economic Reform3,
China has experienced extremely rapid economic development and has become one
of the world’s fastest growing major economies. Average gross domestic product
(GDP) growth rates have been about 10% each year over the past 30 years, making
China move from low-income country status to lower-middle-income country status
in 1999, and to an upper-middle-income country in 2010 (Figure 3) (Cruz et al.,
2015, National Bureau of Statistics of China, 2017). Since 2014, China has become
the world’s largest economy based on purchasing power parity (PPP) and world’s
second largest economy by nominal GDP after the US (International Monetary Fund,
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Figure 3. China’s GDP and GDP increase rate from 1978 to 2015 (data from
China Statistical Yearbook 2016)
Although China’s economic growth has been extraordinary, China is still quite poor
China’s economic reform started in December 1978 after the Third Plenum of the Eleventh Central Committee
of the Communist Party led my Deng Xiaoping.
3
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and is fairly typical of a developing country if the economy is described using GDP
per capita. China ranked 70th by GDP (PPP) in 2016, which was only 27% of the
United States (US) level and was below the world average. In addition, major
inequality in disposable income exists between urban and rural areas, and from east
to west. It is reported that about 10% of China’s total inequality is attributed to the
urban-rural gap in 2010 (Xie and Zhou, 2014). In 2015, the per capita disposable
household income in urban areas was three times higher than in rural areas (National
Bureau of Statistics of China, 2017). The economic gap between eastern and western
regions of China is also quite large. Similar to many other countries, where coastal
areas are generally wealthier than inland areas, the eastern areas of China area also
richer and the country gradually becomes poorer further west, for both urban and
rural areas (Figure 4) (National Bureau of Statistics of China, 2017). Of the four
economic regions, the Eastern region had the highest per capita disposable income of
households, followed by Northeastern, Central and Western region, with estimates of
25954, 19604, 16867 and 15376 Chinese yuan4 in 2015, respectively.

Figure 4. Map illustrating China’s GDP by province in 2015 (data from China
Statistical Yearbook 2016)

4

1 US dollar = about 6.5 Chinese Yuan in 2015
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1.4.3 Urbanisation
Along with the economic development, urbanisation in China is occurring at a very
fast rate and on a massive scale. Since the 1978 economic reform, a very large
number of rural residents have moved out of agriculture and have migrated to urban
areas; consequently, China’s urbanisation (defined as the proportion of total
population who live in urban areas) has increased consistently with an average
growth of about 1.02% each year, and the rural-to-urban movement is expected to
continue for another few decades (National Bureau of Statistics of China, 2017). In
1978 only about 18% of people in China lived in urban areas, and this proportion had
grown strikingly to 56% by 2015 and is projected to reach 70% by 2030 (Figure 5)
(UNDP China, 2013, National Bureau of Statistics of China, 2016). It took only six
decades for China’s proportion of urban residents to expand from 10% to 50%, while
the same transition took 150 years in Europe and 210 years in Latin America and the
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Figure 5. Proportion of total people living in urban areas in China between 1978
and 2015 (data from China Statistical Yearbook 2016)
The causes and consequences of urbanisation are closely related to the degree of
socioeconomic development of different regions of China. Similar to the distribution
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of economic level in China, currently China’s urbanisation is further advanced in the
Eastern region than the Northeast and Central regions, and the Western region has the
lowest proportion of people living in cities (Figure 6) (National Bureau of Statistics
of China, 2017).

Figure 6. Map illustrating the proportion of total people living in urban areas in
China by province in 2015 (data from China Statistical Yearbook 2016)

1.4.4 The epidemiological transition in China
The mortality and morbidity patterns in China have changed markedly since 1949
along with economic development, urbanisation and improvement of public health
care. China has completed the epidemiological transition from high birth rate, high
death rate and infectious diseases to low birth rate, low death rate and NCDs, and the
time this transition took was much shorter than that of many other countries (Cook
and Dummer, 2004, Yang et al., 2008, World Health Organization, 2015).

1.4.4.1 Mortality in China
The major causes of death in China have changed from infectious diseases to NCDs
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in the last 90 years. It is reported that between 1929 and 1931, more than half of all
deaths in China were caused by infectious diseases (Hipgrave, 2011). However,
between 1973 and 1975, NCDs became the leading causes of death constituting
about 58.2% of all deaths, and this proportion increased to 86.6% in 2012 with
79.4% of the deaths estimated to be caused by cardiovascular disease, cancer and
chronic respiratory diseases (Yang et al., 2008, National Health and Family Planning
Commission of the PRC, 2015).

1.4.4.2 Morbidity in China
The prevalence of NCDs is increasing in the Chinese population. The proportion of
people with CVD increased by 17.4% between 2007 and 2014, and an estimated 290
million Chinese suffered from CVD and more than 40% deaths in China were
attributed to CVD in 2014 (National Center for Cardiovascular Diseases, 2008,
National Center for Cardiovascular Diseases, 2015). The estimated number of new
cases of cancer diagnosed in China increased by about 54% from 2.8 million in 2008
to 4.3 million in 2015 based on data from national registry (Dai et al., 2012, Chen et
al., 2016). Between 2011 and 2015-2017, the overall prevalence of hypertension
diagnosed by blood pressure measurement (SBP ≥140 mmHg or diastolic blood
pressure [DBP] ≥90 mmHg) or self-report increased from 34% in Chinese aged 45
years or older (Feng et al., 2014) to 44.7% in Chinese aged between 35 and 75 years
(Lu et al., 2017) based on nationwide data. During 2002 and 2012, overweight (25≤
BMI <30 kg/m2) and obesity (BMI ≥30 kg/m2) prevalence among Chinese aged 18
years and above increased from 22.8% to 30.1%, and 7.1% to 11.9%, respectively
(National Health and Family Planning Commission of the PRC, 2015). Diabetes
prevalence is estimated to have increased from 0.9% to 10.9% in Chinese adults
between 1980 and 2013 (and this topic is discussed further Chapter 1, section
1.2.6.2) (Chan et al., 2014, Wang et al., 2017).
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1.4.4.3 Lifestyle and health behaviours in China
Rapid economic development and urbanisation have contributed to major changes in
lifestyle and health-related behaviours in the Chinese population. Although living
conditions and access to health services have improved, economic development and
urbanisation have also increased exposure to risk factors for NCDs (e.g. reduced
activity, unhealthy diet, increased smoking and alcohol consumption) (Yang et al.,
2008). Levels of physical activity among Chinese adults fell by nearly half between
1991 and 2011, in association with increased community urbanicity and improved
city public transportation (Zang and Ng, 2016). The patterns of nutrition in China
have shifted toward increased consumption of foods high in dietary energy and fat,
resulting in high prevalence of diet-related NCDs (Zhai et al., 2009). Alcohol
consumption in China is increasing at a faster speed compared to anywhere else in
the world (Tang et al., 2013). The average annual consumption of pure alcohol in
Chinese adults is estimated to have risen from 0.4 litres in 1952 to 2.5 litres in 1978
and further to 4.9 litres in 2009 (Tang et al., 2013). In 2012, it was reported that
11.1% of Chinese alcohol users were excessive drinkers (National Health and Family
Planning Commission of the PRC, 2015). All changes in morbidity, lifestyle and
behaviours mentioned above have greatly increased the risk of developing diabetes in
Chinese populations (see Chapter 1, section 1.2.4 Main risk factors for type 2
diabetes).

1.4.5 Healthcare system in China
China has a three-tiered health care system with health care providers falling into one
of three categories: primary, secondary and tertiary health care (Cheng et al., 2017).
Community health clinics in urban areas, and township hospitals are the main
primary care providers, that provide basic clinical care and public health services
(Yip et al., 2012). However, China does not have a well developed primary health
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care system so that health services are mainly provided by the secondary and tertiary
health care hospitals. There is serious shortage of general practitioners (GPs), and the
majority of GPs have only received brief training in China. In 2015, 31% GPs in
urban areas and 12% GPs in rural areas had an educational level below the
requirement for a licensed GP in China (Li et al., 2017a). Without adequate GPs and
medical facilities in primary health care institutions, most Chinese people seeking
health care bypass GPs and go straight to hospital specialists, even for minor
conditions (Cheng et al., 2017). It has been reported that primary care institutions
only provided about 18% of inpatient care and 55% of outpatient care in China in
2016 (Li et al., 2017a). In addition, the primary care capabilities vary substantially
across different institutions. Although the primary health care system in China has
been improved since China’s health care reform, there is still an urgent need to
strengthen it as effective screening and treatment in early stages of diseases at
primary health care levels is required for better prevention, diagnosis and
management of disease, especially for NCDs, such as CVD, type 2 diabetes and
cancer.

China has achieved universal health insurance coverage in 2011 so that about 95% of
Chinese population was insured in 2011 (Yu, 2015). This universal health insurance
coverage is characterised by heavy government subsidies and is offered through three
public insurance programs, including the New Rural Cooperative Medical Scheme
(NRCMS) (targeting rural residents), the Urban Resident Basic Medical Insurance
(URBMI) (targeting urban children, students, unemployed and disabled), and the
Urban Employee Basic Medical Insurance (UEBMI) (targeting urban employees)
(Yip et al., 2012, Qingyue and Shenglan, 2013). The NRCMS, URBMI and UEBMI
cover both inpatient and outpatient care that provide modest health care benefits with
75%, 70% and 80% inpatients reimbursement rate, and 50%, 50%, and 50-80%
(differing for different insured populations in different provinces) outpatient
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reimbursement rate in 2014 (Sun et al., 2017). China has made a huge achievement
in constructing a universal health insurance system. However, there are still
significant disparities in health insurance coverage between regions, urban and rural
areas, and among population groups. Further efforts are required to reduce disparities
in health insurance benefits, and to reduce inequalities in access to health care among
Chinese populations.

1.5 Chapter summary and rationale of this study
Diabetes is one of the most common NCDs in the world. In China, the prevalence of
diabetes has increased substantially in recent decades and China has become the
country with the largest number of people with diabetes in the world (partly due of
course to the large population size). It is believed that this dramatic rise in diabetes
prevalence is due to China’s recent economic development and urbanisation, which
are leading to major changes in social structures and socioeconomic and
epidemiological transition. Socioeconomic status is highly related to risk of type 2
diabetes but with differing patterns in different populations, as discussed further
subsequently. It is well documented that SES is inversely associated with both
diabetes prevalence and incidence in developed countries. However, an inverse
association between SES and diabetes prevalence has been found in several
developing countries, and evidence of the association between SES and diabetes
incidence in developing countries is sparse.

Therefore, it is important to understand the association between SES and prevalence,
incidence and complications of type 2 diabetes in China, where diabetes prevalence
is increasing dramatically, and epidemiological transition is occurring rapidly.
Understanding the association between SES and the epidemiology of diabetes in
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China is helpful to identify priority groups for prevention of diabetes, to develop
approaches to primary and secondary prevention, to provide an evidence base to
inform policy making, and to evaluate the effect of policies to reduce inequalities.

50

Chapter 2. Aims and objectives
The aim of this PhD project is to describe the associations between SES and
prevalence, incidence and complications of type 2 diabetes in Chinese populations
using several existing databases.

The objectives include:
1. To conduct a systematic review of the association between SES and
prevalence of type 2 diabetes in mainland China, Hong Kong and Taiwan.

2. To describe the association between SES and prevalence of type 2
diabetes in China using data from the China Health and Retirement
Longitudinal Study (CHARLS).

3. To describe the association between SES and prevalence of type 2
diabetes in China using data from the China Kadoorie Biobank (CKB).

4. To describe the association between SES and incidence of type 2 diabetes
in China using data from the CKB.

5. To describe the association between SES and complications of type 2
diabetes in China using data from the Joint Asia Diabetes Evaluation
Program (JADE).

6. To investigate, where available, the role of BMI and other factors in
mediating the association between SES and prevalence, incidence and
complications of type 2 diabetes in China.
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Chapter 3. Systematic review of the association between
socioeconomic status and prevalence of type 2 diabetes in
mainland China, Hong Kong and Taiwan

3.1 Chapter introduction
Previous studies have reported inconsistent associations between SES and prevalence
of type 2 diabetes in China, for example: (Xu et al., 2006, Cai et al., 2011, Fu et al.,
2011, Zhang et al., 2013). To the best of my knowledge when I started my PhD, there
was no published systematic review of SES and prevalence of type 2 diabetes in
China. In addition, only one longitudinal study (Shang et al., 2013) from mainland
China, and one longitudinal study from Taiwan (Hsu et al., 2012) reporting an
association between SES and incidence of type 2 diabetes were identified in my
update of a systematic review published in 2011, which had found no studies of
education, income or occupation and incidence of diabetes in China (Agardh et al.,
2011). Therefore, in this chapter, I conducted a systematic review of cross-sectional
studies to describe the association between SES (measured by education, income and
occupation) and prevalence of type 2 diabetes in Chinese populations living in
mainland China, Hong Kong and Taiwan. Chinese people in Hong Kong and Taiwan
are genetically similar to their counterparts in mainland China. However, the
populations of Hong Kong and Taiwan are at a more advanced stage of economic
development and the epidemiological transition, with a larger proportion of people
living in urbanised environments and adopting related lifestyle habits than in
mainland China. Health care systems also differ from those of mainland China
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(Leung et al., 2017). Understanding the association between SES and type 2 diabetes
in Hong Kong and Taiwan is useful for helping estimate the likely future diabetes
prevalence in urban areas of mainland China.

3.2 Methods
3.2.1 Literature search
This systematic review was conducted using the PRISMA guideline (see Table 4 for
the checklist). The protocol was registered on PROSPERO and can be accessed at
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016047913. I
carried out a systematic literature search to identify published studies describing the
association between SES and prevalence of type 2 diabetes in mainland China, Hong
Kong and Taiwan. I searched Medline (Ovid, 1946 to May Week 1 2016), Embase
(1980 to 2016 Week 19) and Global Health (1973 to 2016 Week 17) using a
comprehensive search strategy (Table 5). No limits were applied for language or
publication date for the literature search. The final search was carried out on 13th
May 2016. The results of studies published in English (subsequently described as
English language studies) and those published in Chinese (subsequently described as
Chinese language studies) are reported separately, which would allow me to describe
the potential heterogeneity between English language studies and Chinese language
studies more clearly if it exists.

3.2.2 Study selection and data extraction
I included cross-sectional population-based studies and baseline surveys of
population-based cohort studies which:
1. included Chinese populations in mainland China, Hong Kong or Taiwan aged 18
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years or older;
2. reported data on prevalence of type 2 diabetes or odds ratios for type 2 diabetes
for populations in different SES groups;
3. defined individual SES exposure as education, income or occupation;
4. were reported in English or Chinese languages
I excluded:
1. case-control and hospital-based studies;
2. studies limited to populations selected for specific characteristics such as
hypertension or obesity.
If data from the same study were reported in multiple publications, I applied the
following three criteria in the order given, thereby including the publication with
either:
1. more information on the association between SES indicators and type 2 diabetes;
2. a greater number of participants;
3. the most recent publication date.
Two authors (me and XM) screened the titles, abstracts and (for potentially relevant
studies) full text of articles and independently extracted key characteristics for
included articles using a proforma. We extracted information on: author; study year;
year of publication; sample size; number of people with type 2 diabetes;
demographics; participant selection; study location; SES measures; diabetes
diagnosis method; outcome measures (prevalence and odds ratio); and adjustments
for potential confounders. Where possible, confidence intervals for prevalence and
odds ratio were calculated if they were not reported by authors in studies and
sufficient raw data were available to calculate them. For studies reporting several
models describing the association between SES and diabetes, the result from the
model with the most complete adjustment for confounding was chosen.

54

Disagreements were resolved by discussion between the two authors (me and XM)
with a third person (SW) acting as arbiter if a decision could not be made.
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Table 4. PRISMA checklist for the systematic review of studies describing the association between SES and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan
Section/topic

#

Checklist item

Reported

1

Identify the report as a systematic review, meta-analysis, or both.

Yes

TITLE
Title
ABSTRACT
Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
Structured summary

2

implications of key findings; systematic review registration number.

Yes

3

Describe the rationale for the review in the context of what is already known.

Yes

INTRODUCTION
Rationale

Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
Objectives

4

outcomes, and study design (PICOS).

Yes

METHODS
Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
Protocol and registration

5

registration information including registration number.

Yes

Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
Eligibility criteria

6

language, publication status) used as criteria for eligibility, giving rationale.

Yes

Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
Information sources

7

additional studies) in the search and date last searched.

Yes

Present full electronic search strategy for at least one database, including any limits used, such that it could be
Search

8

repeated.

Yes

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
Study selection

9

included in the meta-analysis).

Yes
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Section/topic

#

Checklist item

Reported

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
Data collection process

10

for obtaining and confirming data from investigators.

Yes

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
Data items

11

Risk of bias in individual

simplifications made.

Yes

Describe methods used for assessing risk of bias of individual studies (including specification of whether this was

studies

12

done at the study or outcome level), and how this information is to be used in any data synthesis.

Yes

Summary measures

13

State the principal summary measures (e.g., risk ratio, difference in means).

Yes

Describe the methods of handling data and combining results of studies, if done, including measures of consistency
Synthesis of results

14

Risk of bias across studies

15

Additional analyses

16

(e.g., I2) for each meta-analysis.

Yes

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

No

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified.

No

RESULTS
Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
Study selection

17

each stage, ideally with a flow diagram.

Yes

For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
Study characteristics

18

provide the citations.

Yes

Risk of bias within studies

19

Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

Yes

For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
Results of individual studies

20

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Yes

Synthesis of results

21

Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Yes

Risk of bias across studies

22

Present results of any assessment of risk of bias across studies (see Item 15).

No

Additional analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

No
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Section/topic

#

Checklist item

Reported

DISCUSSION
Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
Summary of evidence

24

key groups (e.g., healthcare providers, users, and policy makers).

Yes

Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
Limitations

25

identified research, reporting bias).

Yes

Conclusions

26

Provide a general interpretation of the results in the context of other evidence, and implications for future research.

Yes

FUNDING
Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
Funding

27

systematic review.

Yes
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Table 5. Systematic review of association between SES and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan search terms
Medline (Ovid, 1946 to May Week 1 2016)
1
socioeconomic status.mp. or Social Class/
2
Socioeconomic Factors/ or Social Class/ or social position.mp.
3
Income/ or income.mp.
4
Education/ or education.mp.
5
occupation.mp. or Occupations/
6
1 or 2 or 3 or 4 or 5
7
China.mp. or China/
8
hongkong.mp or Hong Kong/
9
Taiwan.mp or Taiwan/
10
7 or 8 or 9
11
diabetes.mp. or Diabetes Mellitus, Type 2/ or Diabetes Mellitus/
12
6 and 10 and 11
Embase (1980 to 2016 Week 19)
1
socioeconomic status.mp. or social status/
2
social class.mp. or social class/
3
social status/ or social class/ or social position.mp. or socioeconomics/
4
income.mp. or income/
5
education.mp. or education/
6
occupation/ or occupation.mp.
7
1 or 2 or 3 or 4 or 5 or 6
8
China.mp. or China/
9
hongkong.mp or Hong Kong/
10
taiwan.mp. or Taiwan/
11
8 or 9 or 10
12
diabetes.mp. or diabetes mellitus/
13
7 and 11 and 12
Global Health (1973 to 2016 Week 17)
1
socioeconomic status.mp. or socioeconomic status/
2
social class.mp. or social classes/
3
social position.mp. or socioeconomic status.sh. or social classes.sh.
4
socioeconomic factors.mp. or socioeconomic status.sh. or socioeconomics.sh.
5
income/ or income.mp.
6
education/ or education.mp.
7
occupation.mp. or occupations/
8
1 or 2 or 3 or 4 or 5 or 6 or 7
9
china.mp. or China/
10
hongkong.mp or China.gl. or Hong Kong.gl.
11
Taiwan/ or Taiwan.mp.
12
9 or 10 or 11
13
diabetes.mp. or diabetes/ or diabetes mellitus/ or type 2 diabetes/
14
8 and 12 and 13
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3.2.3 Quality assessment
Two authors (me and XM) independently appraised the quality of included studies
using a modified Newcastle-Ottawa Scale (NOS) for cohort studies (Table 6) which
allows a quantitative assessment of study quality for cross-sectional studies (Wells et
al., 2000). In this scale, I removed items which could be only used for cohort studies
and specifically added two items including description of sample and statistical test.
This scale contains six items, categorised into three dimensions including selection,
comparability, and outcome. Within the selection category, a study can be awarded
one score for each of the following items: representativeness of the sample;
description of the sample; and ascertainment of SES exposures. Within the
comparability category, a maximum of two scores was given for the control of
confounding factors. Within the outcome category, a maximum of two scores was
given for the assessment of the diagnosis of diabetes and one score for the
confidence intervals and probability level reported in studies. Each study was scored
from 0-8 based on the sum of the scores, with a higher score representing higher
quality.
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Table 6. List of criteria for the assessment of study quality based on modified
Newcastle-Ottawa Scale for cohort studies
Selection: (Maximum 3 scores)
1. Representativeness of the sample:
a) Truly representative of the average in the target population (all subjects or random sampling or
from linkage database) (1 score)
b) Somewhat representative of the average in the target population (non-random sampling)
c) Selected group of users
d) No description of the sampling strategy
2. Description of sample:
a) Study year, sample size, and age clearly described (1 score)
b) No description or not clearly described
3. Ascertainment of the exposure:
a) The ascertainment of SES exposure clearly described (1 score)
b) No description or not clearly described
Comparability: (Maximum 2 scores)
1. Confounding factors are controlled (No paper reporting both standardised prevalence and
adjusted odds ratio)
a) Report both crude prevalence and adjusted odds ratio (2 scores)
b) Report standardised prevalence or adjusted odds ratio (1 score)
c) Report either of crude prevalence or crude odds ratio
Outcome: (Maximum 3 scores)
1. Assessment of the outcome:
a) Laboratory test (2 scores)
b) Record linkage (2 scores)
c) Self report (1 score)
d) No description
2. Statistical test:
a) Report confidence intervals or the probability level (p value) for prevalence or odds ratio of type
2 diabetes for population with different SES (1 score)
b) Neither confidence intervals nor the probability level (p value) are given.

61

3.2.4 Synthesis of study findings
I reported type 2 diabetes prevalence and odds ratios for associations between SES
indicators and type 2 diabetes separately for education, income and occupation. For
education and income, I presented figures illustrating the prevalence of type 2
diabetes in the lowest and highest levels of SES and odds ratios of type 2 diabetes for
the highest compared with lowest SES level from the model with the most complete
adjustment for confounding. For studies reporting results only in several subgroups
(e.g. stratified by age and gender), I presented the result with the largest sample size.
It was not possible to summarise the findings for occupation using figures, given the
marked heterogeneity in definition of occupation. For each SES indicator, the full
results from each study, including stratification by urban/rural status were
summarised in tables, grouped according to whether studies presented: prevalence
only; odds ratios only; or both prevalence and odds ratios, and ranked from high to
low quality. These figures and tables are accompanied by a narrative synthesis of the
study findings, since heterogeneity between studies (such as definition of SES and
methods to diagnose diabetes) precluded meta-analyses.

3.3 Results for English language studies
3.3.1 Literature search
The literature search initially identified 3003 studies: 874 from Medline, 1517 from
Embase and 612 from Global Health. After removing duplicates 1935 remained. Of
these, 1771 studies were excluded after title and abstract screening, and 131 further
studies were excluded after full text review. Finally, 33 English language studies and
22 Chinese language studies met the inclusion criteria and were included in the
systematic review (Figure 7).
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3,003 studies identified through
Medline (874), Embase (1517) and
Global Health (612) database
searching

1,935 studies after
duplicates removed
1,771 of studies excluded after
title and abstract screened
164 full-text studies
assessed for eligibility
109 of full-text articles
excluded:
89 studies have no relevant
data;
4 case-control studies;
7 studies no age information or
age<18 years
6 studies are conference
abstracts;
2 studies using same data from
others

1 study mixed with type 1
and type 2 diabetes

33 studies written in
English

22 studies written in
Chinese

Figure 7. Flowchart describing selection of studies in systematic review of the
association between SES and diabetes prevalence in Chinese populations
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3.3.2 Study characteristics of English language studies
An overview of the characteristics of the included English language studies is
presented in Table 7. Of the 33 included studies, 24 studies were conducted in
mainland China (three in urban areas, five in rural areas and 16 in both urban and
rural areas), three in Hong Kong and six in Taiwan. Study year ranged from 1986 to
2012, with a marked increase in studies on this topic over time, with 24 studies
published since 2009. Sample size ranged from 988 (Woo et al., 1994) to 512891
(Bragg et al., 2014). All studies included both men and women, but only five studies
reported the association between SES and type 2 diabetes by sex. Self-reported
diabetes and fasting blood glucose were the most commonly used methods to
diagnose diabetes. Some studies used an oral glucose tolerance test (OGTT), random
blood glucose or postprandial blood glucose for diagnosis of diabetes. Twelve studies
provided prevalence of diabetes in different SES groups, 15 studies provided odds
ratio of diabetes for different SES groups, and six provided both prevalence and odds
ratios.

3.3.3 Quality of included English language studies
The quality scores of included studies ranged from 4 to 7 with a mean score of 6.0
based on the modified NOS assessment (Table 8). Two studies had highly selected
study populations. One selected the sample from an association for elders to
represent the total older population of the study area (Kavikondala et al., 2011), and a
second study included participants who were willing to cooperate with the research
team, without using any sampling techniques (Zhou et al., 2009). Fourteen studies
did not report sex or age distribution, which is a limitation since both sex and age are
important risk factors for type 2 diabetes (International Diabetes Federation, 2017).
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Eight studies only reported crude prevalence of diabetes or unadjusted odds ratios for
the association between SES and diabetes (Chou et al., 1994, Woo et al., 2003, Chou
and Chi, 2005, Lin et al., 2011, Shi et al., 2011b, Cai et al., 2013, Xia et al., 2013,
Liu et al., 2016) and five studies defined diabetes solely based on self-reported
diagnosis of diabetes (Yu and Wong, 2004, Chou and Chi, 2005, Xu et al., 2006,
Chen and Chen, 2012, Wu et al., 2013). In addition, four studies did not provide
confidence intervals or p values for statistical tests (Woo et al., 2003, Xia et al., 2013,
Bragg et al., 2014, Liu et al., 2016).

3.3.4 Measures of SES in English language studies
A single measure of SES was reported in 15 studies, with the remaining studies
reporting data for two (10 studies) or three (8 studies) SES indicators. Education was
the most commonly used indicator, being reported in 27 studies, and was classified
either as highest educational level (in 21 studies) or the number of school years
completed (in six studies). Income was reported in 19 studies, including 15 family
income measures and four personal income measures. Occupation was reported in 12
studies, but the measures of occupation differed greatly between studies, with the
definition based on: job titles; skills (manual or non-manual); or a simple
classification of employed and unemployed.

3.3.5 Association between SES and type 2 diabetes reported in
English language studies
Among the 27 English studies reporting the association between education and type
2 diabetes, 16 reported prevalence estimates, among which five reported standardised
(age, sex or various features standardised) prevalence. Fifteen studies reported odds
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ratios, 14 of which presented odds ratios that controlled for various potential
confounders. Generally, prevalence of type 2 diabetes was higher in those with a
lower compare to higher education level (Figure 8 and Table 9 and Table 10). Most,
but not all, studies reported either a significant inverse association between education
level and type 2 diabetes or a possible trend towards such an association, although
odds ratios (95% CI) ranged from 0.39 (CI not reported) to 1.52 (0.91, 2.54) for the
highest compared to the lowest education level (Figure 9 and Table 10 and Table 11).
The two studies from Hong Kong reported either an inverse association (Woo et al.,
2003) or no significant association (Chou and Chi, 2005) between education and type
2 diabetes. Among four studies from Taiwan reporting an association between
education and type 2 diabetes, two reported an inverse association (Chou et al., 1994,
Lin et al., 2011), and the other two reported non-statistically significant inverse
associations (Tai et al., 1992, Chen et al., 2001). Only four of the 27 studies reported
sex-specific analyses, with two reporting that higher education was associated with
increased prevalence of type 2 diabetes among men, with the opposite pattern
observed in women (Zhou et al., 2009, Wu et al., 2016). The other two studies did
not find any gender differences in the association between education and type 2
diabetes (Ning et al., 2009, Xu et al., 2015).

Of the 19 English language studies describing the association between income and
type 2 diabetes, 10 reported prevalence estimates, among which four reported a
standardised (age or various features standardised) prevalence. Fourteen studies
reported odds ratios, all but one of which only presented odds ratios adjusted for
various confounders. There was no clear pattern of prevalence of type 2 diabetes by
income level across studies, with considerable inconsistency between studies (Figure
8, Table 12 and Table 13). Similarly, among studies reporting odds ratios, the
evidence for an association between income level and type 2 diabetes was
inconsistent (Figure 9, Table 13 and Table 14). The single study from Hong Kong
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reported an inverse association between income and type 2 diabetes (Yu and Wong,
2004). The two studies from Taiwan reported an inverse association (Lin et al., 2011)
and a non-statistically significant inverse association (Tai et al., 1992) between
income and type 2 diabetes. Among all 19 studies, four studies reported sex-specific
analyses, among which Ning et al. (Ning et al., 2009) found a significant positive
association between income and type 2 diabetes only in men in rural areas. Zhou et
al. (Zhou et al., 2009) and Yan et al. (Yan et al., 2012) also found a positive
association in men but not in women. A fourth study did not find a gender difference,
but included a very small sample size (Xu et al., 2015).

Of the 12 English studies describing the association between occupation and type 2
diabetes, eight reported prevalence estimates, with two reporting estimates
standardised for various factors. Nine studies reported odds ratios, all of which
controlled for various potential confounders. As the measures of occupation were
heterogeneous, it is not easy to rank occupation classification from high to low SES.
This affects the comparability of the findings from studies reporting on occupation
and type 2 diabetes and I was unable to present the results using a figure as for
education and income. Zhou et al. (Zhou et al., 2009) and Zhang et al. (Zhang et al.,
2013) found an increased risk of type 2 diabetes in retired compared to employed
people even after adjustment for age. Xu et al. (Xu et al., 2006) found the prevalence
of type 2 diabetes was much higher in people with white collar occupations than blue
collar occupations, even after controlling for confounding factors. Chen and Chen
(Chen and Chen, 2012) found professionals had the lowest risk of type 2 diabetes
compared to other kinds of occupation such as officials, salespersons and assemblers.
However, most studies did not report a statistically significant association between
occupation and prevalence of type 2 diabetes (Table 15, Table 16 and Table 17).
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Table 7. Characteristics of studies identified in systematic review describing the association between SES and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in English language studies
Study

Study

Participants selection

year

(Wu et al., 2016)

20072011

Using a random multistage stratified sampling

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Self-report or

Prevalence

7

Prevalence

5

Odds ratio

6

Prevalence

7

23010 (983a)

46.9

method; 2-3 cities within each of six provinces

≥18 (43.0*, 30.4-

Urban and

56.3†)

rural

Urban

Education

FBG

from south and north China were selected, from
which several communities and villages were
randomly selected.
(Liu et al., 2016)

2001,
2010

Using a two-stage cluster random sampling

2001: 2277

2001: (41.4)

≥60 (67.9±5.8 in

method; nine residential communities were

(487b)

2010: (40.3)

2001; 71.2±6.6 in

randomly selected in Wanshoulu district in

2010: 2102

Beijing, from which all households were chosen

(521b)

Education

Self-report or
FBG

2010)

and only one person aged ≥60 was randomly
selected in each household.
(Zhou et al., 2015a)

2010

Using a multistage probability sampling design;

98058

three communities or villages were selected in

(12237b)

45.7

≥18 (NR)

Urban and

Education

Self-report or

rural

Occupation

FBG or OGTT

each four subdistricts with probability

or HbA1c

proportional to size from each National Disease
Surveillance Point. Within each community 50
households were randomly selected and only
one person was selected randomly in each
household.
(Yu et al., 2015)

2012

Using a multistage stratified random cluster

16834 (1380c)

45.9

sampling method; 32 counties were selected

68

18-79 (42.7±14.5)

Urban and

Education

Self-report or

rural

Income

FBG

Study

Study

Participants selection

year

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

HbA1c

Odds ratio

7

Prevalence

7

Odds ratio

6

from nine cities, from which three or four towns

Occupation

were randomly selected. Within each town,
three neighborhood committers were randomly
selected. Then one village from each
neighborhood committers was randomly
selected. People aged 18 to 79 years old in each
town were randomly selected.
(Xue et al., 2015)

2006,

Using a stratified random cluster sampling

2009

method; people who lived in Qingdao city for at

6894 (360a)

39.4

35-74 (51.2±10.6)

Urban and

Education

rural

Income

Urban and

Education

Self-report or

rural

Income

FBG or OGTT

Urban and

Education

Self-report or

least 5 years in three urban areas and three rural
areas were selected.
(Xu et al., 2015)

2010-

Using a multistage stratified random sampling

2011

method; three central temples and three

1659 (106c)

49.5

≥18 (44.0±15.2)

counties in Chengdu region were selected from
each altitude level. Four townships were
selected from each county, and within each
township three villages were selected. All
people aged ≥18 in villages were selected.
(Bu et al., 2015)

2007-

Using a multistage stratified random sampling

2008

method; cities within 14 provinces in China

39071 (3254c)

39.2

≥30 (NR)

rural

were selected, from which 152 city districts and
112 rural villages were randomly selected.
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FBG or OGTT

Study

Study

Participants selection

year

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Prevalence

5

Odds ratio

6

FBG

Prevalence

5

Self-report

Both

6

People aged ≥20 years and lived at current
residence for 5 years or longer were selected.
(Bragg et al., 2014)

2004-

People aged 30-79 were selected from five

512891

2008

urban and five rural areas in China, who were

(30773c)

41.0

30-79 (NR)

Urban and

Education

Self-report or

rural

Income

FBG or

permanent residents identified through official

random blood

residential and invited by letter after extensive

glucose

publicity campaigns.
(Zhang et al., 2013)

2005

Using a multistage stratified cluster random

7315 (688b)

NR

20-79 (NR)

Urban

Education

Self-report or

sampling method; three communities were

Income

FBG or OGTT

randomly selected from each two urban and one

Occupation

suburb districts in Tianjin. Then three
neighborhoods were randomly selected from
each community. All people lived in the
selected neighborhoods for >5 years and aged ≥
15 years were selected.
(Xia et al., 2013)

2010-

Using a stratified random sampling method;

2011

three communities within each four districts of

12000 (636b)

51.0

18 (49.1±0.26 ‡)

Urban

Education
Occupation

Haikou were randomly selected. One thousand
people from each community were selected.
(Wu et al., 2013)

2010

Using a probability sampling design and a

13157 (868a)

48.1

multistage cluster sampling method; one county

≥50 (62.6±0.3)

Urban and
rural

from rural National Disease Surveillance Points
(DSPs) and one district from urban DSPs were
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Income

Study

Study

Participants selection

year

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Education

Self-report or

Odds ratio

7

Income

FBG or OGTT

Education

Self-report or

Prevalence

6

Odds ratio

6

Both

6

selected from eight provinces, resulting in 64
principle sample units.
(Wang et al.,

2011

2013b)

Using a multistage stratified random sampling

4801 (341c)

44.8

25-86 (51.1)

Rural

method; all townships within two counties in
Yunnan province was selected. Within each
township, two villages were randomly selected.

(Cai et al., 2013)

2011

Using a multistage stratified random sampling

9396 (614b)

46.0

≥18 (51.7±19.6)

Rural

FBG

method; one county with high wealth and one
county with low wealth were randomly selected
in Yunnan province. People aged ≥18 were
randomly selected from 20 villages within each
county.
(Yan et al., 2012)

2009

Using a multistage random cluster sampling

8458 (NR)

47.1

≥18 (NR)

method; people aged ≥7 were randomly

Urban and

Income

FBG or
HbA1c

rural

selected from 228 communities in nine
provinces.
(Chen and Chen,
2012)

NR

Using a multistage random cluster sampling

13741 (NR)

57.0

method; 2-12 townships were randomly
selected from each 23 counties in Taiwan,
within which 12-123 neighborhoods were
randomly selected. Within each neighborhood,
four households were randomly selected.
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18-64 (NR)

Taiwan

Occupation

Self-report

Study

Study

Participants selection

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Education

FBG

Prevalence

6

Education

Self-report or

Prevalence

6

Income

FBG

Education

Self-report or

Odds ratio

6

Occupation

FBG

Education

Self-report or

Both

7

with exclusion of those who were temporary

Income

FBG

workers or university students not living in the

Occupation

Odds ratio

6

year

(Shi et al., 2011b)

2002

Using a multistage random sampling method;

2849 (79b)

45.9

≥20 (47.0)

households were randomly selected from six

Urban and
rural

counties and two cities. All people in the
households were selected.
(Lin et al., 2011)

2004

Using a multistage random sampling method

2332 (284b)

48.6

≥40 (56.9)

Taiwan

with a sampling rate proportional to size within
each stage; 39 Li units were randomly selected
from each 8 city districts. Then people were
randomly selected from each sample Li.
(Kavikondala et al.,

2005-

People were randomly selected from ‘The

2011)

2008

Guangzhou Health and Happiness Association’

19818 (2193a)

26.7

50-96 (60.4)

Urban

who are permanent residents in Guangzhou.
(Fu et al., 2011)

20062007

All adult residents aged 18-64 were selected

4506 (99a)

41.4

18-64 (46.1±10.0)

Rural

county from four rural communities in Deqing,
Zhejiang province.
(Cai et al., 2011)

2008-

Using a multistage stratified random sampling

2010

method; three counties with low, high and high

10007 (657b)

46.2

level of wealth were randomly selected from
Yunnan province. All townships in counties
were selected and three villages in each
township were selected by probability
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≥18 (NR)

Rural

Education

Self-report or

Income

FBG

Study

Study

Participants selection

year

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Education

Self-report or

Both

7

Income

FBG or OGTT

Urban and

Education

Self-report or

Both

7

rural

Income

FBG or OGTT

Odds ratio

7

Prevalence

7

proportional to size. Finally, people aged ≥18
years were randomly selected.
(Wei et al., 2010)

2005

Using a multistage random cluster sampling;

1058 (75b)

50.1

20 (NR)

Rural

communities were randomly selected from five
areas in a region in Heilongjiang.
(Zhou et al., 2009)

2007-

People aged ≥ 20 years in 10 communities in

2008

Beijing were selected where their resident

2801 (580b)

27.2

35-79 (54.7)

committees would like to cooperate with the

Occupation

research team.
(Ning et al., 2009)

2001-

Using a stratified random cluster sampling

2002,
2006

11624 (1383a)

39.6

35-74 (54.4 in

Urban and

Education

Self-report or

method; people aged 35-74 years living in

2001-2002; 51.5 in

rural

Income

FBG or OGTT

Qingdao city for at least 5 years were randomly

2006)

Occupation

selected from three urban districts and four
rural counties.
(Hu et al., 2009)

2000-

Using a multistage stratified random sampling

2001

method; one rural and one urban county within

15236 (986b)

48.4

each four provinces from North and four

35-74 (50.1±0.12 ‡)

Urban and

Education

Self-report or

rural

Income

FBG

Occupation

provinces from South China were randomly
selected. Then one township/street was
randomly selected from each county, from
which people aged 35-74 years were randomly
selected.

73

Study

Study

Participants selection

year

(Xu et al., 2006)

2000-

Using a multistage random sampling method;

2001

three urban districts and two rural counties were

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Self-report

Both

6

29340 (556b)

49.8

≥35 (NR)

Urban and

Education

rural

Income
Occupation

randomly selected in Nanjing, from each of
which three streets/towns were selected. Then
three villages were randomly selected in each
street/town. People aged ≥35 years who had
been a local resident for at least 5 years in each
village were selected.
(Chou and Chi,

1996

2005)

People aged ≥60 years in 6000 households were

2003 (246b)

47.0

≥60 (NR)

Hong Kong

Education

Self-report

Prevalence

4

2670 (NR)

NR

≥20 (NR)

Hong Kong

Income

Self-report

Odds ratio

5

988 (59b)

49.4

25-74 (45.6±11.7)

Hong Kong

Education

FBG or OGTT

Prevalence

5

1293 (182a)

41.8

50-79 (63.8)

Taiwan

Education

Self-report or

Odds ratio

7

randomly selected from a continuous sample
survey, which use a full list of addresses of
quarters in Hong Kong as the sampling frame.

(Yu and Wong,

NR

2004)

Households in Tai Po Hong Kong were
randomly selected by telephone survey using a
residential telephone directory.

(Woo et al., 2003)

1995-

People aged 25-74 from three major regions of

1996

Hong Kong were randomly selected by
telephone survey.

(Chen et al., 2001)

1996-

Using a multistage proportional stratified

1997

random cluster sampling method; people aged

FBG

50-79 years were randomly selected from three
townships.
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Study

Study

Participants selection

year

(Chen et al., 1999)

1995-

Using a proportional stratified random sampling

1996

method; people aged 40-79 years were

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Self-report or

Odds ratio

7

Odds ratio

6

1601 (295b)

48.7

40-79 (57.4)

Taiwan

Occupation

FBG

randomly selected from six areas.
(Pan et al., 1997c)

(Chou et al., 1994)

1994

1991

People aged ≥25 years were selected from cities

213515

52.9

and rural areas in 19 provinces.

(4864b)

All people aged 30 years in each village from

3236 (193b)

47.5

30 (NR)

Taiwan

Education

FBG or OGTT

Odds ratio

5

11478 (715b)

50.3

≥40 (NR)

Taiwan

Education

Self-report or

Odds ratio

6

Income

FBG or

25-64 (NR)

Urban and

Income

Self-report or
FBG or OGTT

rural

Kin-Hu Town were selected.
(Tai et al., 1992)

1986

Eight subdistricts of Ta-An District in Taipei
City and five villages of 11 counties of Taiwan

postprandial

Province were randomly selected.

blood glucose
or OGTT

SD: standard deviation, Self-report: self-reported history of type 2 diabetes or using medication for type 2 diabetes, FBG: fasting blood glucose, OGTT: oral glucose tolerance test, NR:
not reported.
a number

is estimated based on the crude prevalence of diabetes.

b number

is reported in the study.

c number

is estimated based on the adjusted prevalence of diabetes.

* median

age.

†interquartile
‡standard
# urban

range.

error.

and/or rural are in mainland China.
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Table 8. Quality assessment of studies identified in systematic review describing the association between SES and prevalence of
type 2 diabetes in mainland China, Hong Kong and Taiwan using the modified Newcastle-Ottawa Scale in English language studies
Study

Selection (3)

Comparability (2)

Outcome (3)

Representativeness

Description of

Ascertainment of the

Adjusted prevalence or

Assessment of the

of sample

sample

exposure

odds ratio

outcome

(Wu et al., 2016)

★

★

★

★

(Liu et al., 2016)

★

★

★

(Zhou et al., 2015a)

★

/

(Yu et al., 2015)

★

(Xue et al., 2015)
(Xu et al., 2015)
(Bu et al., 2015)

Total (total 8)

Statistical test

Score

★★

★

7

/

★★

/

5

★

★

★★

★

6

★

★

★

★★

★

7

★

★

★

★

★★

★

7

★

★

★

★

★★

★

7

★

/

★

★

★★

★

6

(Bragg et al., 2014)

★

/

★

★

★★

/

5

(Zhang et al., 2013)

★

/

★

★

★★

★

6

(Xia et al., 2013)

★

★

★

/

★★

/

5

(Wu et al., 2013)

★

★

/

★★

★

★

6

(Wang et al., 2013b)

★

★

★

★

★★

★

7

(Cai et al., 2013)

★

★

★

/

★★

★

6

(Yan et al., 2012)

★

/

★

★

★★

★

6

(Chen and Chen, 2012)

★

/

★

★★

★

★

6

(Shi et al., 2011b)

★

★

★

/

★★

★

6

(Lin et al., 2011)

★

★

★

/

★★

★

6

/

★

★

★

★★

★

6

★

★

/

★★

★★

★

7

(Kavikondala et al.,
2011)
(Fu et al., 2011)
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Study

Selection (3)

Comparability (2)

Outcome (3)

Representativeness

Description of

Ascertainment of the

Adjusted prevalence or

Assessment of the

of sample

sample

exposure

odds ratio

outcome

(Cai et al., 2011)

★

/

★

★

(Wei et al., 2010)

★

/

★

(Zhou et al., 2009)

/

★

(Ning et al., 2009)

★

(Hu et al., 2009)

Total (total 8)

Statistical test

Score

★★

★

6

★★

★★

★

7

★

★★

★★

★

7

★

★

★

★★

★

7

★

★

★

★

★★

★

7

(Xu et al., 2006)

★

/

★

★★

★

★

6

(Chou and Chi, 2005)

★

/

★

/

★

★

4

(Yu and Wong, 2004)

★

/

★

★

★

★

5

(Woo et al., 2003)

★

★

★

/

★★

/

5

(Chen et al., 2001)

★

★

★

★

★★

★

7

(Chen et al., 1999)

★

★

★

★

★★

★

7

(Pan et al., 1997c)

★

/

★

★

★★

★

6

(Chou et al., 1994)

★

/

★

/

★★

★

5

(Tai et al., 1992)

★

/

★

★

★★

★

6
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Figure 8. Prevalence of type 2 diabetes in the lowest and highest levels of
education and income in studies identified in systematic review of English
language studies
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Table 9. Findings of studies identified in systematic review describing the association between education and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in English language studies
Study
(Wu et al., 2016)

Education

Adjustment

Highest level

2006 China population age

completed

standardised

Prevalence (95% CI, %)
Primary or below:

Total: 4.1 (3.7,4.5) Men: 4.3 (3.7,4.9) Women: 3.9 (3.4,4.4)

Secondary:

4.8 (4.2,5.4)

Matriculation or above:
(Yu et al., 2015)

Highest level

6th China national population

completed

census, Jilin province
population standardised
(various features

P-value

Junior school:

4.6 (4.1,5.1)

5.5 (4.6,6.4)
5.8 (5.1,6.5)

groups

3.1 (2.6,3.6)
p<0.001a

12.6 (11.6,13.7)

Junior high school:

4.2 (3.4,5.0)

p<0.05a in all groups; p>0.05b in all

7.4 (6.7,8.3)

High school:

7.9 (7.0,8.9)

Undergraduate:

4.7 (3.9,5.6)

standardised)
(Xu et al., 2015)

School years
completed

(Hu et al., 2009)

6th

China national population

0 years:

Total: 5.4

Men: 6.6

census age standardised

1-9 years:

9.2

9.1

11.9

≥ 10 years:

8.8

9.8

11.6

Highest level

2000 China population

Less than high school:

5.55

completed

census standardised (various

High school or higher:

5.28

Women: 4.5

p<0.05b in total population and men

p>0.05a

feature standardised)
(Cai et al., 2013)

Highest level

Crude

completed

Illiterate:

9.2 (8.2,10.2)

Primary school:

6.1 (5.2,7.0)

Middle school or higher:
(Shi et al., 2011b)

Highest level

Crude

completed

(Lin et al., 2011)

Highest level
completed

Crude

Primary:

p<0.01a, CI calculated from raw data

4.5 (3.8,5.2)
p=0.616a, CI calculated from raw data

2.36 (1.55,3.16)

Junior school:

3.09 (2.04,4.15)

High school:

3.16 (1.40,4.92)

University:

3.90 (0,8.25)

Elementary school and below:

19.61 (16.35,22.87)

Junior and senior high school:

11.10 (9.10,13.09)
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p<0.001a, CI calculated from raw data

Study

Education

Adjustment

Prevalence (95% CI, %)
College/university and above:

(Liu et al., 2016)

School years

Crude

completed
(Bragg et al., 2014)

Highest level

Age and study area structure

completed

of the study population
standardised

Highest level

Crude

completed
(Woo et al., 2003)

Highest level

Crude

completed

(Chou and Chi, 2005)

Highest level
completed

a p-value
b

Crude

year 2010: 10.9 (8.3, 13.4)

21.1 (18.9, 23.3)

No p-value, CI calculated from raw data

30.1 (27.8, 32.4)

self-reported
No formal schooling:

Screen-detected

Women: 3.4

Primary school:

2.7

3.6

2.9

3.2

Middle school:

3.3

4.0

2.8

2.8

High school:

3.5

4.0

2.9

4.1

3.8

Lower than junior high school:

5.70 (5.13,6.27)

Junior high school and above:

4.84 (4.29,5.40)

Primary and lower:

Men: 4.1

No p-value

Men: 2.8

College or university:
(Xia et al., 2013)

8.19 (6.29,10.08)

0-6: year 2001: 21.8 (19.2, 24.4)
>7:

P-value

2.7

9.32 (6.09,12.56)

Secondary:

4.60 (2.84,6.37)

Post-secondary:

3.76 (0.51,7.00)

None or some elementary school:

14.08 (12.22,15.95)

Elementary graduates or above:

11.93 (9.05,14.82)

for Chi-square test.

p-value for trend Chi-square test.
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Women: 3.8

2.4
2.0
No p-value, CI calculated from raw data

No p-value, CI calculated from raw data

p>0.05a, CI calculated from raw data

Table 10. Findings of studies identified in systematic review describing both prevalence of and odds ratios of type 2 diabetes for
different education groups in mainland China, Hong Kong and Taiwan in English language studies
Study
(Fu et al., 2011)

Education
School years

Outcome
Crude prevalence (%, 95% CI)

≤9 years:

2.4 (1.82,2.95)

＞9 years:

1.8 (1.17,2.43)

Odds ratio (95% CI) adjusted

≤9 years:

0.93 (0.54,1.59)

for age, sex, BMI, smoking

＞9 years:

1.00

completed

P-value
No p-value, CI calculated from raw data

p=0.787

alcohol drinking, and regular
leisure physical activity
(Wei et al., 2010)

Highest level

Crude prevalence (%, 95% CI)

completed

Illiterate:

12.00 (4.60,19.40)

Semiliterate:

3.23 (0,9.55)

Primary:

6.50 (2.12,10.88)

Secondary:

7.73 (5.49,9.98)

College:
Odds ratio (95% CI) adjusted
for age, gender, nationality,
smoking history, alcohol
consumption, marital status and
family history of diabetes

(Zhou et al., 2009)

Highest level

5.24 (2.66,7.83)

Illiterate:

1.00

Semiliterate:

0.25 (0.03,2.08)

p=0.1989

Primary:

0.57 (0.20,1.58)

p=0.2779

Secondary:

0.93 (0.39,2.23)

p=0.8683

College:

0.62 (0.23,1.70)

p=0.3521

Crude prevalence (%, 95% CI)

completed

Men
Elementary-school/illiterate:
Secondary school:
College:

Odds ratio (95% CI) adjusted
for age and area

No p-value, CI calculated from raw data

Women

23.14 (15.59,30.69)
22.55 (18.92,26.18)

Elementary-school/illiterate:
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31.19 (27.24,35.14)
16.15 (14.13,18.18)

31.82 (23.84,39.79)
Men

No p-value, CI calculated from raw data

10.42 (6.54,14.29)
Women

0.52 (0.28,0.96)

No p-value
1.52 (0.91, 2.54)

Study

Education

Outcome
Secondary school:

0.67 (0.43,1.03)

College:
(Xu et al., 2006)

School years

Crude prevalence (%, 95% CI)

completed

Odds ratio (95% CI) adjusted
for age, gender, area of
residence, BMI, occupation,

1.00

0-9:

1.52 (1.35,1.69)

10-12:

1.86 (1.50,2.22)

≥13

3.80 (3.21,4.39)

0-9:

1.00

10-12:

0.76 (0.59,0.99)

≥13:

P-value
1.30 (0.82, 2.06)
1.00
No p-value, CI calculated from raw data

No p-value

0.79 (0.62,1.02)

smoking status, occupational
physical activity, hospital
category and health-care
payment option
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Figure 9. Odds ratios for type 2 diabetes for the highest compared with the
lowest level of education and income in studies identified in systematic review of
English language studies
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Table 11. Findings of studies identified in systematic review describing odds ratios for type 2 diabetes for different education
groups in mainland China, Hong Kong and Taiwan in English language studies
Study
(Xue et al., 2015)

Education

Adjustment

Highest level completed

Age, BMI, sex, marital status,

Odds ratio (95% CI)

P-value

Per level: 0.915 (0.785,1.066)

p=0.255

Illiteracy:

p=0.027

income, alcohol consumption,
smoking, cardiometabolic
parameters and uric acid levels
(Wang et al., 2013b)

Highest level completed

Age, sex, yearly household income,
ethnicity, BMI, current smoking,

1.00

Primary or above: 0.95 (0.91,0.99)

current drinking, hypertensive,
township mean yearly income,
township percent primary education
or higher, township population size,
township percentage of ethnic
minorities
(Kavikondala et al.,

Highest level completed

2011)

Age, sex, study phase, WHR, BMI,

Junior middle or lower:

1.00

No p-value

maternal literacy by sex, maternal

Senior middle or higher: 0.98 (0.78, 1.22)

literacy by Childhood SEP and
maternal literacy by late adult SEP
(Ning et al., 2009)

School years completed

Age, waist circumference, family

Urban areas

history of diabetes, hypertension,

≤9:

personal income, socioeconomic

10-12:

0.97 (0.73,1.28)

0.80 (0.62,1.03)

≥13:

0.79 (0.56,1.10)

0.92 (0.60,1.42)

status, occupation, current smoking,

Men
1.00

Women
1.00

current drinking, leisure time
Rural areas

Men
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Women

No p-value

Study

Education

Adjustment
physical activity, survey years and
resident districts

Odds ratio (95% CI)
≤9:

1.00

10-12:

(Chen et al., 2001)

Highest level completed

1.00

0.82 (0.53,1.26)

≥13:

P-value

0.92 (0.57,1.50)

1.20 (0.66,2.17)

Age, sex, Fukiens, Hakaas,

Illiterate:

1.00

Aborigines, family history, BMI,

Literate:

0.72 (0.47,1.11)

0.48 (0.16,1.47)
p>0.05

employment, single, smoker,
drinker, regular exercise,
cholesterol, triglyceride and
hypertension
(Zhou et al., 2015a)

Highest level completed

Region, urban/SEC cross

None:

1.00

Primary:

1.00 (0.95,1.05)

p>0.05

classification, health literacy, time

Secondary:

0.93 (0.87,0.99)

p<0.05

since health check, minor

University:

0.92 (0.83,1.01)

p>0.05

classification, sex/age cross

psychiatric morbidity, weight status,
number of unhealthy lifestyles,
economic status, couple status and
living alone
(Bu et al., 2015)

Highest level completed

Sex, family history of diabetes, TG

Elementary school:

1.52 (1.08,2.14)

p<0.001

per increase of 0.56mM (50mg/dl),

High school:

1.42 (1.13,1.80)

p<0.001

BMI, Systolic blood pressure per

Tertiary or above:

1.00

income of 10 mmHg, age per 10-yr
increment
(Zhang et al., 2013)

School years completed

Age, sex, cigarette smoking, alcohol
drinking, physical inactivity, BMI,

Undiagnosed
≤6 years:

0.73(0.51,1.03)
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Diagnosed
1.11 (0.80,1.53)

No p-value

Study

Education

Adjustment
hypertension, and family history of
diabetes

(Cai et al., 2011)

Highest level completed

Odds ratio (95% CI)
7-9 years:
＞9:

0.82 (0.59,1.16)
1.00

0.95 (0.70,1.28)
1.00

Age, sex, current smokers, current

Illiteracy:

1.00

drinkers, hypertension, overweight,

Primary:

0.81 (0.65,0.96)

central obesity, family history of

Middle or higher:

P-value

p<0.05

0.73 (0.52,0.93)

p<0.05

diabetes
(Tai et al., 1992)

Highest level completed

Age, sex, family income, exercise,

Illiterate:

physical activity, family history of

Elementary and junior high school:

diabetes and BMI
(Chou et al., 1994)

Highest level completed

Crude

1.00

Senior high school:
Primary school and illiterate:
Junior high and above:
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1.01
0.93

1.00
0.39 (0.24,0.62)

p>0.05
p>0.05
No p-value

Table 12. Findings of studies identified in systematic review describing the association between income and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in English language studies
Study
(Yu et al., 2015)

(Xu et al., 2015)

Income

Adjustment

Family monthly

6th China national population

<500:

11.2 (10.0,12.4)

income (¥)

census, Jilin Province

500-:

9.5 (8.4,10.7)

population standardised

1000-:

8.1 (7.3,9.0)

(various feature standardised)

2000-:

6.2 (5.4,7.3)

3000-:

5.8 (4.5, 7.4)

China national population

<800:

Total: 4.1

census age standardised

800-1599:

Family yearly
income (US$)

6th

Prevalence (95% CI, %)

≥1600:
(Hu et al., 2009)

(Lin et al., 2011)

p<0.01a

1500-5999: 4.89
6.75

＜15,000:

Family yearly

Age and study area structure of

income (¥)

the study population

8.63 (6.85,10.40)
6.37 (3.34,9.40)

self-reported
＜2500:

p<0.001a, CI calculated from raw data

16.53 (14.36,18.71)

15,000-37,500:

standardised

Men: 2.4

Screen-detected
Women: 2.9

Men: 3.7

No p-value
Women: 3.9

2500-4999:

2.8

3.1

3.1

3.0

5000-9999:

2.8

3.5

2.3

2.7

10000-19999:

2.9

3.3

2.6

3.0

20000-34999:

3.1

3.4

2.7

2.8

≥35000:

b

8.8

p<0.05b in all groups

5.9

＞37,500:

a p-value

14.2

standardised (various feature

income (US$)

(Bragg et al., 2014)

11.3

income (¥)

Crude

Women: 2.8
5.4

<1,500:

Family yearly

Men: 5.1
5.1

2000 China population census

≥6000:

p<0.01a

5.4

Personal yearly

standardised)

P-value

3.8

for Chi-square test.

p-value for trend Chi-square test.
87

4.1

3.4

2.7

Table 13. Findings of studies identified in systematic review describing both prevalence of and odds ratios for type 2 diabetes for
different income groups in mainland China, Hong Kong and Taiwan in English language studies
Study
(Fu et al., 2011)

Income
Family income

Outcome
Crude prevalence (%, 95% CI)

Odds ratio (95% CI) adjusted
for age, sex, BMI, smoking
alcohol drinking, and regular

Low:

P-value

3.0 (1.52,4.55)

Medium:

1.8 (1.37,2.24)

High:

2.6 (0.80,4.31)

Low:

1.79 (0.98,3.27)

Medium:

1.00

High:

1.55 (0.72,3.34)

No p-value, CI calculated from raw data

p=0.058

p=0.261

leisure physical activity
(Wei et al., 2010)

Family yearly income

Crude prevalence (%, 95% CI)

(¥)

Odds ratio (95% CI) adjusted

<10,000:
10,000-20,000:

5.61 (3.47,7.74)

20,000-30,000:

7.08 (4.28,9.89)

≥30,000:

4.00 (0.14,7.86)

<10,000:

1.00

for age, gender, nationality,

10,000-20,000:

education, smoking history,

20,000-30,000:

alcohol consumption, marital

12.30 (7.58,17.02)

≥30,000:

No p-value, CI calculated from raw data

0.44 (0.23,0.81)

p=0.0085

0.60 (0.31,1.17)

p=0.1337

0.32 (0.10,0.98)

p=0.0465

status and family history of
diabetes
(Zhou et al., 2009)

Family yearly income

Crude prevalence (%, 95% CI)

(¥)

Men
<10,000:
10,000-30,000:
>30,000:

15.51 (10.31,20.71)
23.17 (18.51,27.84)
31.97 (26.10,37.83)

Odds ratio (95% CI) adjusted
for age and area

Women

Men
<10,000:

1.00
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No p-value, CI calculated from raw data

19.69 (16.24,23.13)
19.03 (16.42,21.65)
18.91 (15.80,22.03)
Women
1.00

No p-value

Study

Income

Outcome
10,000-30,000:
>30,000:

(Wu et al., 2013)

Family income

Crude prevalence (%, 95% CI)

quintile

(Xu et al., 2006)

Family per capita

1.50 (0.92,2.45)
2.11 (1.25,3.57)

Lowest:

2.9 (2.2,3.7)

Second:

5.2 (4.2,6.3)

Middle:

7.1 (5.7,8.7)

Fourth:

7.3 (6.0,8.8)

P-value
0.90 (0.66,1.22)
0.80 (0.57,1.14)
No p-value

Highest:

9.3 (7.5,11.4)

Odds ratio (95% CI) adjusted

Lowest:

1.00

for age, sex and urban/rural

Second:

1.9 (1.4,2.7)

p<0.05

residence

Middle:

2.3 (1.7,3.3)

p<0.05

Fourth:

2.4 (1.6,3.6)

p<0.05

Highest:

2.5 (1.7,3.6)

P<0.05

Crude prevalence (%, 95% CI)

Lower:

0.41 (0.29,0.54)

Middle:

1.39 (1.15,1.63)

Higher:

3.67 (3.31,4.02)

Odds ratio (95% CI) adjusted

Lower:

1.00

for age, gender, area of

Middle:

1.95 (1.27,2.99)

residence, BMI, education,

Higher:

2.88 (1.86,4.46)

monthly income

No p-value, CI calculated from raw data

No p-value

occupation, smoking status,
occupational physical activity,
hospital category and healthcare payment option
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Table 14. Findings of studies identified in systematic review describing odds ratios for type 2 diabetes for different income groups
in mainland China, Hong Kong and Taiwan in English language studies
Study
(Xue et al., 2015)

Income

Adjustment

Family monthly income (¥)

Age, BMI, sex, marital status,

Odds ratio (95% CI)

P-value

Per level (<999,1000-2999, ≥3000): 0.896 (0.790,1.015)

p=0.085

Per 1000¥: 0.89 (0.83,0.97)

p=0.01

education, alcohol consumption,
smoking, cardiometabolic
parameters and uric acid levels
(Wang et al., 2013b)

Family yearly income (¥)

Age, sex, education level, ethnicity,
BMI, current smoking, current
drinking, hypertensive, township
mean yearly income, township
percent primary education or higher,
township population size, township
percentage of ethnic minorities

(Ning et al., 2009)

Personal monthly income (¥)

Age, waist circumference, family
history of diabetes, hypertension,
school years completed,

Urban areas
≤600:

Men
1.00

Women
1.00

601-999:

1.29 (0.93,1.79)

0.81 (0.64,1.01)

socioeconomic status, occupation,

1000-1999:

1.35 (0.93,1.95)

0.92 (0.66,1.27)

current smoking, current drinking,

≥2000:

0.99 (0.61,1.59)

0.61 (0.36,1.42)

Rural areas

Men

Women

leisure time physical activity, survey
and resident districts

≤600:

1.00

1.00

601-999:

1.37 (0.88,2.12)

0.88 (0.60,1.30)

1000-1999:

1.29 (0.81,2.04)

1.15 (0.74,1.80)

≥2000:

2.00 (1.15,3.48)
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1.17 (0.56,2.45)

No p-value

Study
(Zhang et al., 2013)

Income

Adjustment

Personal monthly income (¥)

Age, sex, cigarette smoking, alcohol

Family yearly income (¥)

Undiagnosed

drinking, physical inactivity, BMI,

＜1000:

hypertension, and family history of

1000-1999:

diabetes
(Yan et al., 2012)

Odds ratio (95% CI)

1.00

Crude

1.00
Women

aged ≥40

1.00

1.00

Medium: 0.59 (0.24,1.45)
High:
Family yearly income (US$)

1.31 (0.92,1.86)

Men

low:

No p-value

4.56 (3.20,6.48)

1.39 (0.95,2.04)

aged 18-40

(Cai et al., 2011)

Diagnosed

4.50 (3.07,6.61)

≥2000:

P-value

0.86 (0.39,1.91)

aged 18-40
1.00

No p-value
aged ≥40
1.00

1.06 (0.77,1.46) 4.06 (0.47,34.84) 0.67 (0.49,0.93)
1.51 (1.12,2.04) 2.16 (0.22,20.84) 0.88 (0.65,1.17)

Age, sex, current smokers, current

＜450:

1.00

drinkers, hypertension, overweight,

450-650:

1.06 (0.81,1.46)

p>0.05

＞650:

1.22 (0.94,1.53)

p>0.05

central obesity, family history of
diabetes
(Pan et al., 1997c)

Personal yearly income (¥)

Age, sex, BMI, hypertension,
family history, labor, education

<2500:

1.00

2500-5000:
>5000:

(Tai et al., 1992)

Family monthly income

Age, sex, educational level,

(Taiwan$)

exercise, physical activity, family
history of diabetes and BMI

(Yu and Wong, 2004)

Family monthly income
(HK$)

Age and sex

NA
1.48

10000:

P=0.0001

1.00

10001-20000:

1.13

p<0.05

>20000:

0.89

p>0.05

Low (<10,000):

2.01 (1.04,3.88)

High (≥10,000):

1.00
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p<0.05

Table 15. Findings of studies identified in systematic review describing the association between occupation and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in English language studies
Study

Adjustment

Prevalence (95% CI, %)

6th China national population census,

Manual labor:

7.1 (6.5,7.7)

Jilin Province population standardised

Mental labor:

5.9 (5.1,6.9)

(Yu et al., 2015)

(Hu et al., 2009)

(Xia et al., 2013)

(various feature standardised)

Other:

2000 China population census

Professional:

5.95

standardised (various feature

Laborer:

5.4

standardised)

Other:

Crude

Mental:
Non-mental:

a p-value

P-value
p<0.001a

13 (11.8,14.2)
p>0.05a

5.68
4.91 (4.26,5.57)
5.51 (5.00,6.01)

for Chi-square test.
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No p-value, CI calculated from raw data

Table 16. Findings of studies identified in systematic review describing odds ratios for type 2 diabetes for different occupation
groups in mainland China, Hong Kong and Taiwan in English language studies
Study
(Kavikondala et al., 2011)

Adjustment
Age, sex, study phase, WHR, BMI, maternal
literacy by sex, maternal literacy by

Odds ratio (95% CI)
Low (agricultural worker, factory work or sales and service):

P-value
1.00

High (administrator/manager, professional/technical, military/police):

No p-value

0.99 (0.75, 1.29)

Childhood SEP and maternal literacy by early
adult SEP
(Ning et al., 2009)

Age, waist circumference, family history of

Urban areas

Men

diabetes, hypertension, personal income,

Professional:

1.00

School years completed, socioeconomic

Not work outside the home:

status, current smoking, current drinking,

Worker/farmer:

Women

No p-value

1.00

1.07 (0.73,1.57)

1.48 (0.97,2.27)

0.90 (0.61,1.31)

1.21 (0.77,1.91)

leisure time physical activity, survey and
resident districts

Rural areas

Men

Professional:

1.00

Not work outside the home:
Worker/farmer:
(Chen et al., 1999)

(Zhou et al., 2015a)

Age, sex

Region, urban SEC cross classification,

1.00

0.73 (0.39,1.37)
0.65 (0.38,1.10)

Unemployed:

1.30 (0.92,1.82)

Employed:

1.00

Employed:

sex/age cross classification, health literacy,

Housewife/husband:

time since health check, minor psychiatric

Retired:

morbidity, weight, number of unhealthy

Women

0.66 (0.26,1.68)
0.72 (0.29,1.81)
p>0.05

1.00
1.17 (1.08,1.28)
1.34 (1.24,1.45)

Unemployed/student/other:

lifestyles, highest education qualification,
economic status, couple status and living
alone
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1.17 (1.10,1.24)

p<0.05
p<0.05
p<0.05

Study
(Zhang et al., 2013)

Adjustment

Odds ratio (95% CI)

Age, sex, cigarette smoking, alcohol
drinking, physical inactivity, BMI,
hypertension, and family history of diabetes

Undiagnosed

diagnosed

Retirement:

2.01 (1.40,2.89)

3.02 (2.12,4.22)

Unemployment:

0.83 (0.55,1.25)

1.25 (0.84,1.78)

Non-manual work:

1.05 (0.70,1.55)

1.23 (0.82,1.80)

Manual work:

1.00

1.00
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P-value
No p-value

Table 17. Findings of studies identified in systematic review describing both prevalence of and odds ratios for type 2 diabetes for
different occupation groups in mainland China, Hong Kong and Taiwan in English language studies
Study
(Fu et al., 2011)

Outcome
Crude prevalence (%, 95% CI)

Farmer:

2.3 (1.77,2.80)

Not Farmer:
Odds ratio (95% CI) adjusted for age, sex,
BMI, smoking alcohol drinking, and

Farmer:

P-value
No p-value, CI calculated from raw data

1.9 (1.15,2.65)
1.10 (0.66,1.84)

Not Farmer:

p=0.723

1.00

regular leisure physical activity
(Zhou et al., 2009)

Crude prevalence (%, 95% CI)

Men
Worker/farmer:
Other:

21.20 (17.35,25.05)

Worker/farmer:

Women

1.00

No p-value

1.00

1.21 (0.81,1.82)

Office working:
Crude prevalence (%)

14.47 (9.90,19.05)

Men

Other:

(Chen and Chen, 2012)

20.42 (17.47,23.36)

29.20 (21.56,36.84)

Odds ratio (95% CI) adjusted for age and

No p-value, CI calculated from raw data

19.72 (17.36,22.09)

27.60 (21.26,33.94)

Office working:

area

Women

1.03 (0.80,1.33)

1.35 (0.85,2.12)

Professionals:

0.85 (0.56,1.31)
1.0

Senior officials and managers:

No p-value
3.7

Clerks:

1.3

Salespersons, demonstrators and models:
Craft and related workers:

3.3
2.3

Plant and machine operators and assemblers:

3.5

Personal and protective services workers:

1.7

Elementary occupations:

3.6

Skilled agricultural and fishery workers:
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3.9

Study

Outcome
Odds ratio (95% CI) adjusted for age, sex,
cigarette use, and alcohol use

P-value

Professionals:

1.00

Senior officials and managers:

1.79 (1.05,3.06)

Clerks:

1.48 (0.83,2.65)

Salespersons, demonstrators and models:
Craft and related workers:

1.70 (0.94,3.07)

gender, area of residence, BMI, education,
smoking status, occupational physical

p>0.05
p<0.01

Personal and protective services workers:

1.38 (0.71,2.69)

p>0.05

Blue Collar:
Service:

Odds ratio (95% CI) adjusted for age,

p<0.01

2.47 (1.38,4.39)

1.80 (0.89,3.63)

Skilled agricultural and fishery workers:
Crude prevalence (%, 95% CI)

p>0.05

Plant and machine operators and assemblers:

Elementary occupations:

(Xu et al., 2006)

2.72 (1.45,5.11)

p<0.05

0.64 (0.51,0.76)

4.08 (3.70,4.47)

Blue Collar:

1.00

White Collar:

p>0.05
No p-value, CI calculated from raw data

1.28 (0.92,1.64)

White Collar:

Service:

1.14 (0.60,2.17)

p>0.05

No p-value

1.47 (0.99,2.18)
1.39 (1.05,1.85)

activity, hospital category and health-care
payment option
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3.4 Results for Chinese language studies
3.4.1 Study characteristics of Chinese language studies
Twenty-two Chinese language studies were identified from the literature search
(Figure 7). There were no Chinese language studies duplicating of the studies
published in English. An overview of the characteristics of the included Chinese
language studies is presented in Table 18. All the 22 included Chinese language
studies were conducted in mainland China, including five studies in urban areas,
three studies in rural areas, and 14 studies in both urban and rural areas. Study years
ranged from 1998 to 2014. In general the Chinese language studies had smaller
sample sizes than the English language studies with the sample size ranging from
350 (Shi, 2013) to 15350 (Chen et al., 2012). Similar to English language studies,
self-reported diabetes and fasting blood glucose were also the most commonly used
methods used to diagnose diabetes. Seventeen studies provided estimates of
prevalence of diabetes in different SES groups, three studies provided odds ratios for
diabetes for different SES groups, and only two studies provided both prevalence and
odds ratios.

3.4.2 Quality of included Chinese language studies
The quality scores of the included Chinese language studies also ranged from 4 to 7,
but with a lower mean score of 5.3 than English language studies (mean score of 6.0)
based on the modified NOS assessment (Table 19). Of the 22 studies, only eight
studies clearly described the study year, sample size and age distribution (Jin et al.,
2009, Gu, 2010, Chen et al., 2012, Hu et al., 2013, Shi, 2013, Zhao et al., 2013a, Fu
et al., 2014b, Hu et al., 2015). Only six studies reported a standardised prevalence of
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diabetes or adjusted odds ratios for diabetes that controlled potential confounding
factors (Wu et al., 2005, Sun, 2010, Shi et al., 2011a, Cai et al., 2012, Hu et al., 2015,
Pang et al., 2015). In addition, three studies did not provide confidence intervals or p
values for statistical tests (Hu et al., 2013, Hu et al., 2015, Pang et al., 2015). One
study (Sun, 2010) did not report the method used to diagnose diabetes and four
studies (Gu, 2010, Kang et al., 2012, Zhao et al., 2013a, Zhao et al., 2014a) defined
diabetes solely based on self-reported diagnoses of diabetes.

3.4.3 Measures of SES in Chinese language studies
A single measure of SES was reported in nine studies, with the remaining 13 studies
reporting data for two (10 studies) or three (3 studies) SES indicators. As for the
English language studies, education was also the mostly commonly used indicator,
being reported in 19 studies, and was defined using the highest educational level an
individual completed in all studies. Income was reported in ten studies, including
seven family income measures and three personal income measures. Occupation was
reported in nine studies. Similar to the English language studies, the measures of
occupation were very heterogeneous between studies.

3.4.4 Association between SES and type 2 diabetes reported in
Chinese language studies
Among the 19 Chinese studies describing the association between education and type
2 diabetes, 17 reported prevalence estimates, among which only two reported
standardised prevalence (one was age standardised and the other was age and sex
standardised). Four studies reported odds ratio estimates, three of which presented
odds ratios that controlled for various potential confounders. All, but one (Fu et al.,
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2014b), studies found that participants with the highest educational level had lower
prevalence of type 2 diabetes compared to those with the lowest educational level
(Figure 3.4 and Table 20 and Table 21). Among four odds ratio estimates, one (Ning
et al., 2012) reported a significant inverse association between educational level and
prevalence of type 2 diabetes (OR: 0.73, 95% CI: 0.53, 0.99), while another (Sun,
2010) reported a significant positive association (OR: 7.06, 95% CI: 5.89, 11.98),
and the other two (Wu et al., 2005, Cai et al., 2012) reported no evidence of an
association (Figure 11 and Table 21 and Table 22). Only one of the 19 studies
reported sex-specific analyses, with lower prevalence in people with higher
educational level in both men and women (Hu et al., 2015).

Of the ten Chinese language studies describing the association between income and
type 2 diabetes, eight reported prevalence estimates and all the prevalence estimates
were crude. Only two studies reported odds ratios, and both controlled for potential
confounders. Similar to the English language studies, there was no clear pattern of
prevalence of type 2 diabetes by income level across studies (Figure 10 and Table
23). Neither of the two odds ratio estimates reported a statistical significant
association between income level and prevalence of type 2 diabetes (Figure 11 and
Table 24).

Of the nine Chinese studies describing the association between occupation and type 2
diabetes, all reported prevalence estimates and there were no studies reporting odds
ratios (Table 25). Similar to the English language studies, there was considerable
heterogeneity of the measures of occupation between studies. A majority of studies
reported a higher prevalence of type 2 diabetes among people who were unemployed
(Jin et al., 2009, Cheng et al., 2010, Chen et al., 2012, Jia, 2012) or self-employed
(Zhao et al., 2014a). However, Hu et al. reported a much higher prevalence of type 2
diabetes in office clerks than in the unemployed (Hu et al., 2015).
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Table 18. Characteristics of studies identified in systematic review describing the association between SES and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in Chinese language studies
Study

Study

Participants selection

year

(Pang et al.,

2014

2015)

Using a random multistage stratified sampling method; 2

Sample, N

Gender

Age

Study

SES

Diabetes

Outcome measure

Quality

(diabetes)

(% men)

(mean±SD, years)

location#

indicator

diagnosis

(prevalence/odds

score

method

ratio)

Self-report

Prevalence

5

Prevalence

5

Prevalence

6

Prevalence

4

4230 (253a)

49.3

≥18 (NR)

Rural

Education

villages from each 9 towns in Zhejiang Province were

or FBG

randomly selected, from each of which 100 households were
randomly selected. All people aged ≥18 in the household
were selected.
(Liu et al.,

2010

2015)

Using a multistage proportional stratified random cluster

4595 (286a)

47.2

≥18 (NR)

Rural

Education

sampling method; 3 villages in each town in Jiujiang were

Self-report
or FBG

randomly selected, from which people aged ≥18 were
randomly selected.
(Hu et al., 2015)

2013

Using a random multistage stratified sampling method; 3-4

8196 (644a)

49.8

≥18 (41.0±16.1)

towns were randomly selected from 14 counties, from each

Urban

Education

Self-report

and rural

Occupation

or FBG

Urban

Education

Self-report

of which 3 communities in Hangzhou were randomly
selected. 50 households in each community were randomly
selected and in each household within which one people aged
≥18 and live at current residence for 6 months or longer were
randomly selected.
(Zhao et al.,
2014a)

2012

Using a probability proportional to size sampling method;
randomly select people 18 and lived in Qilihe district 6

16753

49.9

a

(587 )

18 (NR)

and rural

months or longer in Lanzhou.
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(Fu et al.,

2012-

Using a random multistage stratified sampling method;

2014b)

2013

migrants aged 18 years or older and lived at current residence

600 (50a)

48.5

≥18 (33.1±6.3)

Urban

Education

Self-report,

and rural

Occupation

FBG or

for 6 months or longer in Hainan were randomly selected in

Prevalence

6

OGTT

6 types of occupations from each county.
(Zhao et al.,

2009

2013a)

Using a random multistage stratified sampling method;

12980

households from 100 communities in Datong were randomly

(316a)

54.5

18-60 (41±10)

Urban

Occupation

Self-report

Prevalence

5

56.9

18-60 (35.2±11.6)

Urban

Education

Self-report

Prevalence

6

Occupation

or FBG

Urban

Education

Self-report,

Prevalence

5

and rural

Income

FBG or

Odds ratio

5

selected, within which all people aged 15 years or older were
selected.
(Shi, 2013)

2012

Using a random multistage stratified sampling method; 3-5

350 (44a)

groups were randomly selected from 4 types of work units in
Beijing, within which all people aged 18-60 were selected.
(Hu et al., 2013)

2010

Using a random multistage stratified sampling method; 75

885 (171a)

44.3

18 (53.2±14.7)

households were randomly selected from 6 communities,
within which people aged 18 years or older and lived at

OGTT

current residence 6 months or longer in Hangzhou were
selected.
(Ning et al.,

2009

2012)

Using a random stratified sampling method; people aged 50

898 (208a)

38.8

≥60 (NR)

NR

Education

years or older and lived at current residence 5 years or longer

Self-report
or FBG

from 4 communities in Yinchuan were randomly selected.
(Li et al., 2012)

2009-

Using a random stratified sampling method; people aged 20

2011

years or older from 5 communities and 2 towns in Tangshan

2423 (149a)

43.5

20 (NR)

Education

FBG

Prevalence

5

Urban

Education

Self-report

Prevalence

4

and rural

Income

Urban

Education

Self-report

Prevalence

5

Occupation

or FBG

Urban
and rural

were randomly selected.
(Kang et al.,

2010

2012)
(Jia, 2012)

Using a random sampling method; randomly selected people

3569 (512a)

49.8

20-92 (NR)

aged 20-92 years living in Beidaihe.
2008

Using a probability proportional to size sampling method; 3

2773

(305a)

communities from each 9 counties were selected, within
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44.6

18-79 (NR)

which people aged 18-79 years and lived at current residence
for 6 months or longer in Beijing were selected.
(Chen et al.,

2011

2012)

Using a random stratified sampling method; 8 urban and 12

15350

rural areas in Shandong were randomly selected. In each

(941a)

50.1

18-69 (41.2±14.2)

Prevalence

6

Odds ratio

6

Odds ratio

6

NR

Both

5

Prevalence

4

Urban

Education

Self-report,

and rural

Income

FBG or

Occupation

OGTT

Education

Self-report

Income

or FBG

Income

Self-report

urban and rural areas 900 and 600 people aged 18-69 years
were randomly selected.
(Cai et al.,

2010

2012)

Using a probability proportional to size sampling method; 2-

4801 (328a)

44.8

≥18 (NR)

Rural

3 villages from each 12 towns in Yunnan were randomly
selected and within which people aged 18 years or older were
random selected.

(Shi et al.,

2007

2011a)

Using a random stratified sampling method; 9 villages from

3815 (185a)

47.1

≥18 (NR)

11 counties in Jilin were randomly selected, within which

Urban

or FBG

and rural

people were randomly selected.
(Sun, 2010)

NR

Randomly selected people aged 35-70 years and lived at

1092 (61a)

59.6

35-70 (NR)

Urban

current residence 4 years or longer in Chengdu Wuhou

Income

district.
(Liu, 2010)

2004

Randomly selected people aged more than 25 years in

Occupation
a

8578 (480 )

43.2

25 (NR)

Jiujiang county.
(Gu, 2010)

2008

Using a random stratified sampling method; 2 towns from

Education

1255

(210b)

46.9

45 (61.0±6.3)

each of 3 districts and 3 counties were randomly selected,

Urban

Education

Self-report

and rural

Income

or FBG
Self-report

Prevalence

5

Prevalence

5

Urban

Education

and rural

Income

Urban

Education

Self-report,

and rural

Income

FBG or

Occupation

OGTT

within which 2 communities in Tianjin were randomly
selected. In each community people aged more than 45 years
were selected.
(Cheng et al.,
2010)

2002

Using a random stratified sampling method; people from 2

2204 (60b)

47.1

urban areas and 4 rural areas in Hubei province were
randomly selected.
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≥18 (NR)

(Zhao et al.,

2006

2009)

Using a random stratified sampling method; one town, one

1891 (188a)

NR

30-79 (56.8±10.6)

company and one community were randomly selected, within

Urban

Income

OGTT

Prevalence

5

Education

Self-report

Prevalence

6

Occupation

or FBG

Education

Self-report,

Both

7

and rural

each of which 3 group units in Datong were random selected.
People aged 30-73 years in each unit were randomly
selected.
(Jin et al., 2009)

2007

Randomly selected 25% population aged 35 years or older in

7922 (964a)

49.1

≥35 (47.9±6.7)

Urban

a community in Chongqing.
(Wu et al.,

1998

Randomly selected people aged 35-59 from 14 areas in

13643

China.

(587c)

2005)

47.6

35-59 (NR)

Urban
and rural

FBG or
OGTT

SD: standard deviation, Self-report: self-reported history of type 2 diabetes or using medication for type 2 diabetes, FBG: fasting blood glucose, OGTT: oral glucose tolerance test, NR: not report.
a number

is reported in the study.

b number

is estimated based on the crude prevalence of diabetes.

c number

is estimated based on the standardised prevalence of diabetes.

# urban

and/or rural are in mainland China.
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Table 19. Quality assessment of studies identified in systematic review describing the association between SES and prevalence of
type 2 diabetes in mainland China, Hong Kong and Taiwan using the modified Newcastle-Ottawa Scale in Chinese studies
Study

Selection

Comparability

Outcome

Representativeness

Description of

Ascertainment of the

Adjusted prevalence or

Assessment of the

of sample

sample

exposure

odds ratio

outcome

(Pang et al., 2015)

★

/

★

★

(Liu et al., 2015)

★

/

★

(Hu et al., 2015)

★

★

(Zhao et al., 2014a)

★

(Fu et al., 2014b)

Total (total 8)
Statistical test

Score

★★

/

5

/

★★

★

5

★

★

★★

/

6

/

★

/

★

★

4

★

★

★

/

★★

★

6

(Zhao et al., 2013a)

★

★

★

/

★

★

5

(Shi, 2013)

★

★

★

/

★★

★

6

(Hu et al., 2013)

★

★

★

/

★★

/

5

(Ning et al., 2012)

★

/

★

/

★★

★

5

(Li et al., 2012)

★

/

★

/

★★

★

5

(Kang et al., 2012)

★

/

★

/

★

★

4

(Jia, 2012)

★

/

★

/

★★

★

5

(Chen et al., 2012)

★

★

★

/

★★

★

6

(Cai et al., 2012)

★

/

★

★

★★

★

6

(Shi et al., 2011a)

★

/

★

★

★★

★

6
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Figure 10. Prevalence of type 2 diabetes in the lowest and highest levels of
education and income in studies identified in systematic review of Chinese
language studies
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Table 20. Findings of studies identified in systematic review describing the association between education and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in Chinese language studies
Study
Education
Adjustment
Prevalence (95% CI, %)
P-value
(Hu et al., 2015)

Highest level

6th China national

Primary or below:

completed

population census, Xian

Junior high school:

population age
standardised

Total: 16.7
7.5

High school:

(Fu et al., 2014b)

Highest level

Crude

completed

Elementary school or below:
Junior high school:

Crude

completed

2012)

Highest level

Junior high school or below:
High school:

Crude

completed

completed

27.6 (11.03,44.14)

Illiteracy:

9.10 (7.14,11.05)

Primary:

6.86 (5.13,8.58)

p<0.01a, CI calculated from raw data

p<0.05a

4.60 (3.56,5.65)
4.42 (3.13,5.71)

Junior college or above:
Crude

p=0.587a, CI calculated from raw data

8.1 (4.16,12.05)

High school:
Highest level

6.6 (0.97,12.20)

15.4 (9.35,21.54)

Junior high school:

(Jin et al., 2009)

2.6

10.4 (5.41,15.42)

College or above:
(Chen et al.,

4.9

9.2 (4.89,13.50)

College degree above:
Highest level

2.3

6.8 (3.35,10.24)

High school:
(Shi, 2013)

5.1

5.1

3.9

p<0.05b in total population

7.2

8.3

3.6

University or above:

Women: 19.2

7.7

6.8

Junior college:

Men: 12.0

2.61 (1.45,3.77)

Illiterate:

17.13

Primary:

15.23

Junior high school:

p=0.048b

7.61

High school/technical secondary school:
College or above:

3.10
1.60
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Study

Education

Adjustment

(Pang et al., 2015)

Highest level

2010 China census

completed

Wuxing District
population age and sex
standardised

(Liu et al., 2015)

Highest level

Crude

completed

Prevalence (95% CI, %)

P-value

No primary school:

6.31

No p-value

Primary school:

4.94

Junior high school:

3.73

High school or above:

2.83

Illiteracy:

11.3

Primary:

6.4

Junior high school or above:
(Hu et al., 2013)

Highest level

Crude

completed

p<0.05b

4.8

Primary or below:

29.47 (24.17,34.78)

school:

18.79 (14.23,23.36)

High school or technical secondary school:
Junior school or above:
(Jia, 2012)

Highest level

Crude

completed

18.56 (14.08,23.03)

Junior high school:

12.85 (10.70,15.00)

completed

Illiteracy:

8.33 (5.26,11.41)

Primary school:

7.64 (5.05,10.22)

Junior high school:

7.84 (5.53,10.15)

completed

Crude

p<0.05a, CI calculated from raw data

6.34 (2.32,10.36)

Technical secondary school:
Highest level

7.50 (5.57,9.43)
4.76 (0,10.06)

High school:

(Gu, 2010)

p<0.01a, CI calculated from raw data

9.63 (7.50,11.77)

Postgraduate:
Crude

data

13.17 (8.03,18.32)

Primary or below:

Junior college or undergraduate:
Highest level

No p-value, CI calculated from raw

7.95 (3.62,12.28)

High school:

(Li et al., 2012)

Junior high

4.05 (2.10,6.00)

Junior college or above:

4.03 (2.51,5.55)

Illiterate/semiliterate:

21.9 (16.3,27.5)

Primary school:

15.4 (11.1,19.7)

Junior high school:

7.6 (4.7,10.5)
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p<0.01a, CI calculated from raw data

Study

Education

Adjustment

Prevalence (95% CI, %)
High school:

10.0 (6.0,14.0)

College or above:
(Cheng et al.,
2010)

Highest level

Crude

completed

19.1 (14.0,24.2)

Illiterate:

3.9

2014a)

Highest level

Crude

completed

2.7

Junior high school:

1.9
3.3

College or above:

2.0

Illiteracy:

4.96 (3.76,6.17)

Primary school:

3.22 (2.75,3.68)

High school:

2.97 (2.39,3.55)

Technical secondary school:
Junior college:

2012)

Crude

completed

0.21 (0,0.51)

Primary or below:

26.42 (14.43,38.40)

Junior high school:

Highest level

Crude

completed

High school:

19.21 (16.87,21.55)

Junior college:

10.01 (8.22,11.80)
9.7 (7.88,11.53)

Primary:

6.79 (5.87,7.72)

High school:
College or above:
a p-value

5.88 (4.27,7.50)

Illiterate:
Junior high school:

p<0.01a, CI calculated from raw data

24.95 (21.28,28.63)

University or above:
(Liu, 2010)

2.58 (1.68,3.48)
2.25 (1.46,3.05)

University or above:
Highest level

p<0.001a, CI calculated from raw data

5.11 (4.35,5.87)

Junior high school:

(Kang et al.,

p<0.01b

Primary school:
High school/secondary:

(Zhao et al.,

P-value

3.84 (3.23,4.44)
4.76 (3.28,6.23)
4.84 (0,10.22)

b

for Chi-square test; p-value for trend Chi-square test.
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p<0.01a, CI calculated from raw data

Table 21. Findings of studies identified in systematic review describing both prevalence of and odds ratios for type 2 diabetes for
different education groups in mainland China, Hong Kong and Taiwan in Chinese language studies
Study
Education
Outcome
P-value
(Wu et al., 2005)

Highest level

Crude prevalence (95% CI, %)

completed

Illiterate:

5.6 (4.05,7.00)

Primary:

4.0 (3.37,4.63)

Junior high school:

4.5 (3.89,5.09)

High school:

3.9 (3.25,4.60)

College or above:
Illiterate:

1.00

age, sex, urban/rural

Primary:

0.8 (0.5,1.1)

High school:
College or above:
(Sun, 2010)

Highest level

Crude prevalence (95% CI, %)

completed

Primary or below:
High school:
University or above:

Odds ratio (95% CI) adjusted for

marital status, income
b

for Chi-square test.

p-value for trend Chi-square test.
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No p-value

0.9 (0.7,1.3)
0.8 (0.6,1.2)
0.8 (0.5,1.3)
12.09 (5.35,18.82)
6.97 (5.05,8.90)

p=0.0147a, CI calculated from raw
data

0.92 (0, 1.95)

Per level: 7.06 (5.89,11.98)

adjusted for sex, age, occupation,
a p-value

4.7 (3.48,5.87)

Odds ratio (95% CI) adjusted for

Junior high school:

p>0.05b, CI calculated from raw data

p=0.0014

Figure 11. Odds ratios for type 2 diabetes for the highest compared with the
lowest level of education and income in studies identified in systematic review of
Chinese language studies
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Table 22. Findings of studies identified in systematic review describing odds ratios for type 2 diabetes for different education
groups in mainland China, Hong Kong and Taiwan in Chinese language studies
Study
Education
Adjustment
Odds ratio (95% CI)
P-value
(Cai et al., 2012)

Highest level

Sex, age, ethnicity, family

completed

yearly income, county

Illiteracy:

1.00

No p-value

Primary or above: 0.96 (0.72,1.26)

education rate, county
average yearly income,
county minority rate
(Ning et al., 2012)

Highest level

Crude

Per level: 0.730 (0.534,0.997)

completed
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p=0.048

Table 23. Findings of studies identified in systematic review describing the association between income and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in Chinese language studies
Study
Income
Adjustment
Prevalence (95% CI, %)
Association
(Chen et al., 2012)

Family per capita

Crude

yearly income (¥)

(Hu et al., 2013)

Family per capita

Crude

yearly income (¥)

(Sun, 2010)

Personal monthly

Crude

income (¥)
(Gu, 2010)

Personal monthly

Crude

income (¥)

(Cheng et al., 2010)

Personal yearly

Crude

income (¥)

＜5000:

6.18 (4.99,7.36)

5000-:

4.62 (3.58,5.66)

≥20000:

5.53 (2.68,8.37)

＜10,000:

27.71 (18.02,37.40)

10,001-:

19.60 (14.67,24.53)

20,001-:

19.50 (15.39,23.60)

Family per capita
yearly income (¥)

Crude

No p-value, CI calculated from raw
data

≥ 35,000:

15.03 (9.97,20.80)

<500:

4.78 (2.02,7.54)

p=0.561a, CI calculated from raw

500-1200:

6.02 (4.14,7.90)

data

>1200:

5.26 (2.47,8.05)

<1,000:

11.3 (6.4,16.3)

1,000-:

16.6 (13.8,19.3)

2,000-:

14.3 (8.7,19.8)

>3,000:

35.4 (27.6,43.3)

<800:

2.5

800-:

1.9

2,000-:

2.8

5,000-:

3.4

>10,000:
(Zhao et al., 2009)

No p-value

p<0.01a, CI calculated from raw data

p>0.05b

2.6

<10,000:

7.02 (5.04,9.00)

<20,000:

10.45 (8.41,12.50)

>20,000:

13.63 (10.21,17.04)
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p<0.01a, CI calculated from raw data

Study
(Kang et al., 2012)

(Liu, 2010)

Income
Family per capita

25.00 (7.30,42.70)

monthly income

500-:

13.66 (10.14,17.18)

(¥)

1000-:

14.09 (12.60,15.58)

≥2000:

14.84 (12.72,16.95)

Family per capita

b

Crude

Prevalence (95% CI, %)
＜500:

yearly income

a p-value

Adjustment

Crude

Low:

7.29 (5.81,8.76)

Middle:

5.21 (4.69,5.72)

High:

7.41 (4.55,10.26)

not clear:

10.34 (0,21.62)

for Chi-square test.

p-value for trend Chi-square test.
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Association
p=0.04a,

CI calculated from raw data

p<0.01a, CI calculated from raw data

Table 24. Findings of studies identified in systematic review describing odds ratios for type 2 diabetes for different income groups
in mainland China, Hong Kong and Taiwan in Chinese language studies
Study
Income
Adjustment
Odds ratio (95% CI)
Association
(Cai et al., 2012)

Family yearly

Sex, age, ethnicity, education,

income (¥)

county education rate, county

Per 1¥: 0.99 (0.98,1.01)

No p-value

Per 1¥: 1.07 (0.90,1.25)

p=0.36

average yearly income,
county minority rate
(Shi et al., 2011a)

Family monthly

Age, gender, area, fatty liver,

income (¥)

daily cigarette, FBG, TC,
HDL-c, TG, Tc/HDL-c, BMI,
salt/sweet diet, hypertension,
occupation

115

Table 25. Findings of studies identified in systematic review describing the association between occupation and prevalence of type 2
diabetes in mainland China, Hong Kong and Taiwan in Chinese language studies
Study
Adjustment
Prevalence (95% CI, %)
Association
(Hu et al., 2015)

6th China national population

Management:

census, Xian population age

Office clerk:

standardised

Total: 6.4

Production and transportation staff:
6.3

Others:
Crude

18.9
8.7

Unemployed:
(Fu et al., 2014b)

Men: 5.3

17.4

5.2

Women: 7.0

8.2
7.3
5.4

No p-value

16.1
9.2
5.1
5.0

Manufacturing:

15.0 (7.97,22.03)

p=0.093a, CI calculated from raw

Wholesale and retail:

6.2 (1.37,11.00)

data

Accommodation and catering: 4.0 (0.14,7.78)
Social service:

9.5 (3.55,15.39)

Construction:

8.7 (3.22,14.08)

Others:
(Shi, 2013)

(Chen et al., 2012)

Crude

Crude

Manual work:

6.8 (1.91,11.68)
13.9 (7.10,20.63)

Business, service:

13.1 (5.84,20.35)

Civil servant:

11.6 (5.11,18.05)

Technical work:

11.4 (3.92,18.94)

Farmer:
Labour worker:

6.26 (3.78,6.71)
2.84 (1.78,3.10)

Business and service:

4.41 (2.28,4.75)

Public institution:

6.99 (4.82,7.70)

Technical work:
Other:

5.08 (3.97,6.18)
4.06 (2.79,5.48)

Student:

0.87 (0.29,2.04)

Unemployed:

7.20 (4.06,11.34)
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p>0.05b, CI calculated from raw
data

p<0.05a

Study

Adjustment

Prevalence (95% CI, %)
Housework:

7.19 (5.32,9.06)

Retired:
(Jin et al., 2009)

Crude

18.76 (16.15,21.38)

Farmer:

4.8

Worker:

3.2

Businessman/service:

4.5

Technical worker:

4.0

Retired, homework or unemployed:
Crude

Production:
Equipment operator:

14.13 (6.97,21.29)

Business and service:

6.72 (4.50,8.94)

Public institution:

7.95 (2.27,13.64)

Office work:

5.79 (1.61,9.96)

Technical work:

6.69 (4.68,8.69)

(Cheng et al., 2010)

Crude

21.78 (18.55,25.01)
3.31 (1.18,5.44)

Civil servant:

9.94 (6.61,13.26)

Businessman:

6.31 (3.62,8.99)

Other:

p=0.0231a, CI calculated from
raw data

0.52 (0,1.55)

Job-waiting groups:

7.9

Retired employees:

6.4

Clerks staffs:

data

15.08 (8.81,21.35)

Retired:
Worker:

p<0.01a, CI calculated from raw

8.62 (5.67,11.57)

Unemployed:
Crude

12.6

11.41 (6.29,16.53)

Other:

(Sun, 2010)

p=0.043a

2.8

Official:

(Jia, 2012)

Association

p<0.01a

3.6
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Study
(Zhao et al., 2013a)

Adjustment
Crude

Prevalence (95% CI, %)
Administrator:
Government office staff:

b

1.67 (1.08,2.25)

Technical work:

1.77 (1.25,2.29)

Manual work:

2.86 (2.25,3.46)

Self-employed:

3.59 (1.59,5.59)

Others:
a p-value

2.50 (1.90,3.10)

2.90 (2.27,3.52)

for Chi-square test.

p-value for trend Chi-square test.
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Association
p=0.008a,

CI calculated from raw
data

3.5 Discussion
In this systematic review of studies describing the association between SES and
prevalence of type 2 diabetes in Chinese populations in mainland China, Hong Kong
and Taiwan, both English and Chinese language studies suggested a non-statistically
significant trend toward an inverse association between education and prevalence of
type 2 diabetes. However, the association between income, occupation and type 2
diabetes was inconsistent between studies. In addition, there was some evidence that
the association between SES and type 2 diabetes prevalence differed in men and
women. These findings were not obviously influenced by study year or quality score.

3.5.1 Limitations of this systematic review
First, the association between SES and diabetes was rarely the main research aim or
hypothesis of most identified studies in this systematic review. SES was generally
considered as a descriptive variable of the study sample or a potential confounder of
relationships between other variables and health outcomes. It is important to note that
most studies reporting odds ratios were adjusted for various factors in addition to age
and sex, many of which such as BMI may lie on the causal pathway between SES
and type 2 diabetes. Inclusion of these factors may have led to over-adjustment of the
association between SES indicators and type 2 diabetes, contributing to a nonstatistically significant association. Second, most prevalence estimates presented in
studies were crude and were unadjusted for age. Age is a key potential confounder of
the association between SES and diabetes, as age is a very strong predictor of
developing type 2 diabetes, and may also be associated with SES. For example,
higher prevalence of type 2 diabetes in retired people compared to working
populations may be partly or wholly explained by age. Third, most studies identified

119

in this systematic review had a relative small sample size, especial Chinese language
studies. Studies with small sample size have limited statistical power to detect a
significant association between SES and prevalent diabetes. In addition, potential
selection bias would be possible due to the small sample that the sample selected
may not represent the population accurately and can lead to chance findings. Fourth,
the literature search was conducted for studies published until May 2016. It has been
two years from time of literature search to thesis submission. During the meantime,
more related studies may be published. Last, this review was limited to papers
identified only in English databases, although a number of Chinese language studies
were included and the findings were consistent between English language studies and
Chinese language studies. A systematic review of studies published in Chinese
databases including WANFANG, CNKI and VIP databases may be needed in the
future to exclude any potential bias.

3.5.2 Potential explanations for the findings in this systematic review
3.5.2.1 Association between education and diabetes prevalence
In this systematic review, most studies suggested that higher levels of education were
associated with decreased prevalence of type 2 diabetes, but some found the opposite
association. For example, Xu et al. (Xu et al., 2015) and Fu et al. (Fu et al., 2014b)
reported a positive association between education and prevalence of type 2 diabetes,
however both of the two studies had small sample sizes of 1659 and 600 participants,
respectively. The study of Xu et al. (Xu et al., 2015) was conducted in Tibet, which is
an undeveloped region at an earlier economic development stage compared with
other parts of China, and the population studied by Fu et al. (Fu et al., 2014b) was of
migrant workers who tend to be of low SES in society. Xu et al. (Xu et al., 2006)
found a significantly higher crude prevalence of type 2 diabetes in people with higher
education level, but the logistic regression model revealed a non-significant inverse
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association after adjustment for age, sex, area of residence, BMI, occupation,
smoking, physical activity, hospital category and health-care payment option. Sun et
al.’s study (Sun, 2010) was of poor quality and neither the survey year nor the
diabetes diagnostic method were described. Furthermore, differences in definitions of
education might explain some of the heterogeneity observed between studies. It is
important to note that all three English language studies that reported a positive
association between education and prevalence of type 2 diabetes measured education
as school years completed (Xu et al., 2006, Xu et al., 2015, Liu et al., 2016).
However, people may receive different economic return from the highest educational
level attained compared to school years completed, and there may also be different
effects on health outcomes between these two measures of education (Faia, 1981).
Based on the findings, it appears that education is probably inversely associated with
prevalence of type 2 diabetes in China, although most estimates are not statistically
significant.

3.5.2.2 Association between income and diabetes prevalence
The direction of association between income and prevalence of type 2 diabetes
differed between studies. This is inconsistent with previous studies which have found
that people from high-income countries with low income were more likely to have
type 2 diabetes (Wallach and Rey, 2009, Dinca-Panaitescu et al., 2011), with the
opposite direction of association reported for people from low- and middle-income
countries (Sayeed et al., 1997, Ramachandran et al., 2008). Unlike education, which
is usually completed in young adulthood, income is unstable and sensitive to change
in life circumstance (Galobardes et al., 2006). Moreover, self-reported income is
more likely to be under- or over-estimated in studies as people may consider income
as sensitive information and be reluctant to report it, which obviously decreases the
reliability and increases the risk of random mis-classification which results in bias
towards a null association (Turrell, 2000). Furthermore, the classification of income
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level differs markedly between studies with the lowest category ranging from
<2500¥ to <10000¥ for a family’s annual income (Zhou et al., 2009, Bragg et al.,
2014). Four English language studies (Pan et al., 1997c, Hu et al., 2009, Ning et al.,
2009, Zhang et al., 2013) and three Chinese language studies (Cheng et al., 2010, Gu,
2010, Sun, 2010) in this systematic review used personal income as a measure of
individual SES. However, family total income is believed to be more reliable than
personal income as a measure of people’s SES, especially for young adults and
women, who may not be the main earners in the family (Galobardes et al., 2006).
When using family total income, family size should be considered, since for the same
income, a larger family is obviously likely to have higher outgoing costs than a
smaller family (Krieger et al., 1997). Among 15 English language studies and seven
Chinese language studies reporting total family income, one English language study
and five Chinese language studies considered family size. Furthermore, China has
undergone very rapid economic development during recent decades (The World
Bank, 2017b). However, changes in an individual’s lifestyle and health-related
behaviours may lag behind changes in economic conditions and may also differ in
different settings, although there was no clear relationship between urban/rural study
location and the association between SES and prevalence of type 2 diabetes observed
in this systematic review.

3.5.2.3 Association between occupation and diabetes prevalence
I did not find a consistent association between occupation and prevalence of type 2
diabetes in this systematic review, though several studies reported a statistically
significant finding of higher prevalence of type 2 diabetes in people who were retired
and unemployed compared to other occupational categories. The classification of
occupation across was complex and heterogeneous. It is not easy to rank the
occupation classification from high SES to low SES. For this reason, I was not able
to present the results using a figure as for education and income. Occupation is
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associated with education and income but also differing levels of physical activity
which make classification as a risk factor for diabetes challenging. Furthermore, it
should be noted that almost all the associations between SES and occupation
reported in Chinese language studies were described using only crude prevalence and
so there is considerable potential for confounding by age and sex.

3.5.2.4 Methods used to diagnose type 2 diabetes
There was considerable heterogeneity in the methods used to diagnose type 2
diabetes between studies. Different diagnostic criteria, such as based on self-report or
blood test, may have a different effect on the magnitude and direction of the
association between SES and diabetes. According to the latest nationally
representative diabetes survey for China, around 70% of diabetes in Chinese adults
was undiagnosed (Wang et al., 2017). Thus, among the five English language studies
(Yu and Wong, 2004, Chou and Chi, 2005, Xu et al., 2006, Chen and Chen, 2012,
Wu et al., 2013) and four Chinese language studies (Gu, 2010, Kang et al., 2012,
Zhao et al., 2013a, Zhao et al., 2014a) that defined diabetes based on self-report, a
large proportion of those with diabetes in these studies may have been erroneously
assigned to the non-diabetic group and this misclassification may differ by SES
groups. Bragg et al. (Bragg et al., 2014) found that prevalence of undiagnosed (ie
screen-detected) diabetes was more common among people in low education and low
income groups among about 0.5 million adults from CKB, while the opposite
association with SES was found for diagnosed diabetes. One possible explanation is
that people with high SES typically have greater access to health resources such as
routine health checks, thus, they may be more likely to be aware of their health
conditions. This may bias the association between SES and previously diagnosed
diabetes prevalence towards a positive association. However, another study (Zhang et
al., 2013) did not find a difference in the association of SES with diagnosed diabetes
and undiagnosed diabetes. This study includes 7315 Chinese adults in Tianjin (one of
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the most developed cities in China), where people generally have good healthcare
access and the SES differences in proportion of diabetes that is undiagnosed may be
smaller than in other cities. To more clearly examine this association, more studies
describing the association between SES and both diagnosed and undiagnosed
diabetes are required.

3.5.2.5 Sex differences in the association between SES and diabetes
prevalence
The majority of studies reporting sex-specific associations between SES and type 2
diabetes prevalence included in this systematic review found that the direction of
association between SES and prevalence of type 2 diabetes differed by sex. Among
the five studies (four English and one Chinese studies) reporting an association
between educational level and type 2 diabetes prevalence, two (Zhou et al., 2009, Wu
et al., 2016) reported that higher education was associated with increased prevalence
of type 2 diabetes in men, while the opposite pattern was observed in women. In
addition, among four studies reporting an association between income and type 2
diabetes prevalence, three reported a positive association between income and type 2
diabetes only in men but there was no difference in women (Ning et al., 2009, Zhou
et al., 2009, Yan et al., 2012). It is important to note that most studies have higher
statistical power to detect a significant association between income and type 2
diabetes prevalence in men than in women. The findings suggest that the shift of
diabetes towards population with low SES may occur earlier in women than in men.
Although largely consistent differences in the associations between SES and type 2
diabetes prevalence between men and women was found in this systematic review,
the number of studies reporting sex-specific associations was not large, and more
studies were required to confirm this finding.
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3.5.2.6 Studies from Hong Kong and Taiwan
SES indicators may have different values and implications in urban and rural settings
and in developed and undeveloped areas (Haynes and Gale, 2000, Martin et al.,
2000, Barnett et al., 2002, Gilthorpe and Wilson, 2003). For example, people in rural
areas may not need a very high education level to engage in agricultural or farming
work. Also, the same level of income may have different implications for people
living in developed and undeveloped areas. For example, an average monthly income
of the equivalent of $1500 provides vastly different standards of living for a family
in west China compared to those living in Hong Kong. In addition, due to the
different stages of epidemiological transition in urban/rural and
developed/undeveloped areas, the patterns of distribution of type 2 diabetes with SES
might differ in these areas. In this review, efforts were made to examine whether the
association between SES and type 2 diabetes prevalence vary by study locations in
urban/rural mainland China, Hong Kong and Taiwan. All studies from Hong Kong
and Taiwan, where the epidemiological transition is at a later stage than mainland
China, reported an inverse or nonsignificant association between education or
income and diabetes prevalence. However, the inconsistent findings and limited
number of studies within urban and rural geographic locations in mainland China
meant that no obvious differences in patterns were observed within mainland China.

3.6 SES and incidence of diabetes in China: results from an
update of previous systematic review
I updated a systematic review of studies about SES and incident diabetes published
in 2011, which had found no studies of SES and incidence of diabetes in China
(Agardh et al., 2011). I searched Medline, Embase and Global Health (2010 to 2016)
using the key words ‘diabetes’ and (‘income’, or ‘education’ or ‘occupation’) and
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(‘China’, or ‘Taiwan’, or ‘Hong Kong’) and ‘incidence’. The literature search
initially identified 510 studies: 121 from Medline, 284 from Embase and 105 from
Global Health. After removing duplicates 321 studies remained. I screened the titles,
abstracts and (for potentially relevant studies) full text of articles. Only one
longitudinal study in mainland China (Shang et al., 2013) and one longitudinal in
Taiwan (Hsu et al., 2012) reporting an association between SES and incidence of
diabetes in China were identified. The Qingdao Port Study recruited 10704 Chinese
adults (77.0% men) aged 18-59 years from Qingdao Port company in mainland
China in the 2000. Socioeconomic status was measured as the highest educational
level an individual attained, and was divided into three levels: low (illiteracy or
primary or junior middle school), middle (senior middle or high school) and high
(college or above). Incident diabetes was defined using fasting glucose or selfreported diabetes or the use of antidiabetic medication at any investigation or a
diagnosis of diabetes identified in medical records. During 110825 person-years of
follow-up (until the year of 2011), 1056 new cases of diabetes were identified.
Hazard ratios for participants with the lowest educational level compared to those
with the highest educational level were 1.69 (95% CI: 1.31, 2.19) for men and 1.56
(95% CI: 0.89, 2.76) for women after adjustment for family history of diabetes,
baseline age, marriage status, occupation, cigarette smoking, alcohol consumption,
physical exercise, work strength, dietary intake and salt taste preference. However, as
all participants in this study were young and middle-aged adults employed in a single
company in a well-developed city in China. It was not clear whether the result can be
generalised to other populations in China. Additionally, the models used in this study
were potentially over-adjusted in that various health-related behaviours variables
were included. These variables might be on the causal pathway between SES and
incident diabetes, and have been considered as mediating variables but not
confounding variables in previous studies (Robbins et al., 2001, Maty et al., 2005,
Williams et al., 2010). Studies from different parts of China with models only
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adjusting for confounding factors that do not include factors that might lie on the
causal pathway are needed to confirm the association between SES and incident
diabetes.

The study in Taiwan included a representative cohort of 25320 people aged 20 years
or more and free of diabetes in 2000, who were followed up until 2005.
Socioeconomic status was measured as monthly income divided into four levels:
poor (defined by the local municipal authorities as living below the local lowest
living index), low income (monthly income less than Taiwan’s minimum wage
level), middle income (between low and high income), and high income (monthly
income at or above the highest rank of insurable income). Incident diabetes was
ascertained by any medical records of hospitalisation for diabetes-related illness or
use of antidiabetic medication. During six years of follow-up, 1462 new cases of
diabetes were identified. Hazard ratios for participants in the poor group compared to
those in the middle income group were 1.5 (95% CI: 1.2, 1.8) for men and 1.7 (95%
CI: 1.3, 2.1) for women after adjustment for age.

3.7 Chapter summary
According to this systematic review of 55 studies on the associations of education,
income and occupation with type 2 diabetes prevalence in mainland China, Hong
Kong and Taiwan, I found some epidemiological evidence suggesting that low
education might be associated with an increased prevalence of type 2 diabetes in
Chinese populations. The associations between other SES indicators including
income and occupation and type 2 diabetes were not consistent between studies.
However, considering that sex differences in the association between SES and
diabetes prevalence were observed in several studies, and various limitations existed
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in included studies as mentioned in this chapter such as small sample size,
unrepresentative study populations and possible over-adjustment, three main
conclusions may be drawn:
1.

The association between SES and prevalence of type 2 diabetes in Chinese
population in mainland China remains inconclusive and may differ in different
cities or regions.

2.

More consistent evidence of an inverse association between SES and prevalence
of type 2 diabetes existed in Chinese population from Hong Kong and Taiwan,
where economic development and epidemiological transition are at a more
advanced stage than mainland China.

3.

There might be sex differences in the association between SES and prevalence of
type 2 diabetes in mainland China. Combining data for men and women may
both give a misleading result overall and also mask sex differences.

The evidence for the association between SES and incident diabetes in China was, to
the best of my knowledge, limited to one study in mainland China and one study in
Taiwan that both reported inverse associations between SES and incident diabetes.
Therefore, more studies in the future are necessary to clarify the associations
between SES and prevalent and incident diabetes in contemporary Chinese
populations to contribute to the body of knowledge in this field in order to inform
regional and national policies for prevention of diabetes.
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Chapter 4. Association between socioeconomic status and
type 2 diabetes prevalence in Chinese adults: findings from
baseline data of China Health and Retirement Longitudinal
Study

4.1 Chapter introduction
Based on the findings from the systematic review in Chapter 3, the association
between SES and prevalence of type 2 diabetes in Chinese population is
inconclusive. Previous studies on diabetes prevalence in China generally considered
SES as a descriptive variable of the study sample or a potential confounder of the
relationship between other variables and health outcomes (Wu et al., 2017). The few
studies in China that investigated the association between SES and diabetes
prevalence as their primary aim were based on small geographic areas and have
given inconsistent results (Xu et al., 2006, Cai et al., 2011, Fu et al., 2011, Zhang et
al., 2013). In addition, none of the studies above has explored in detail the
association between SES and prevalence of all self-reported, screen-detected, and
total (combined self-reported and screen-detected) diabetes. The strengths and
directions of SES inequalities in self-reported and screen-detected diabetes might
differ as a consequence of differences in awareness of diabetes or in access to health
care associated with SES (Cai et al., 2011, Bragg et al., 2014). In this chapter, I used
cross-sectional baseline data from the China Health and Retirement Longitudinal
Study (CHARLS) to describe the association between two measures of SES
(education and annual household living expenditure) and self-reported, screen-
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detected and total diabetes prevalence. In addition, I described the association
between SES and awareness of diabetes (defined as the proportion of people with
self-reported diabetes among all people with total diabetes).

4.2 Methods
4.2.1 Study population and data collection
I used data from the baseline survey of the population-based CHARLS, a nationally
representative longitudinal survey of the mainland Chinese population of adults aged
45 years or older, to conduct a cross-sectional study. CHALRS recruited 17708
Chinese adults aged 45 years or older in mainland China between June 2011 and
March 2012 (Zhao et al., 2014b). A multistage probability sampling strategy and a
probability proportional to size sampling technique were applied in this nationwide
baseline survey. Four stages of sampling procedures, including county-level
sampling, neighborhood-level sampling, household-level sampling, and respondentlevel sampling, were used to obtain a nationally representative sample. For the
county-level sampling process, all county-level units with the exception of Tibet
province were stratified according to region, urban/rural status, and GDP per capita.
One hundred fifty representative counties in 28 provinces were selected. For the
neighborhood-level sampling process, administrative villages in rural areas and
neighborhoods in urban areas were used as the primary sampling units (PSUs), and
three PSUs were randomly selected from each county. For the household-level
sampling process, dwellings were chosen on the basis of maps and lists of each PSU.
Finally, for the respondent-level sampling process, one person aged 45 years or older
in a selected household was randomly selected to be the main respondent. In
addition, his or her spouse was interviewed. The response rate for the age-eligible
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households was 80.5%.

Face-to-face interviews were used to collect information on socio-demographic
characteristics and self-reported diabetes status. Venous blood samples were
collected by medically-trained staff from the China Centre for Diseases Control and
Prevention on the subset of participants who were willing to donate venous blood
samples. Participants were asked to fast overnight before blood collection. However,
blood was also taken if they had not fasted and their fasting status was recorded.
Blood samples were assayed at the Youanmen Centre for Clinical Laboratory of the
Capital Medical University in Beijing. Glucose was measured using an enzymatic
colorimetric test, and HbA1c was analysed using boronate affinity chromatography.
The study protocol was approved by ethical review board of Peking University and
written informed consent was obtained from all study participants.

A blood sample was collected for 11847 (67%) participants. I excluded participants
without complete data and those aged less than 45 years. After these exclusions,
10100 participants remained for the final analyses (Figure 12).

17708 participants in CHARLS

11847 participants with blood sample collected
1545 participants with missing data
excluded
202 participants aged <45 years
10100 participants included in analysis

Figure 12. Flowchart describing selection process of participants with blood
sample collected and complete data from CHARLS included in the analyses
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4.2.2 Assessment of exposure
I used the highest educational level an individual attained and annual household
living expenditure (AHLE) to describe participants’ SES. I used AHLE as a proxy for
household income because the number of missing values for variables that could be
used to calculated participants’ household income was substantial. Due to the small
number of participants in some levels of original education categories, I categorised
education into five groups:
1.

Illiterate (no formal education)

2.

Literate (did not finish primary school but capable of reading or writing, or
finished Sishu – see below for explanation)

3.

Elementary school

4.

Middle school

5.

High school or above (high school, vocational school, associate degree,
bachelor degree, master degree or PhD)

Sishu is a historical Chinese educational tradition for children that provided private
tutorials for basic education. Sishu was formally abolished in 1905 in China, but a
very small proportion of participants in CHARLS reported that their highest
educational level was Sishu. These participants were included in the ‘literate’ group.

Participants were asked: in the last year how much did your household spend on the
following item (Chinese Yuan):
1.

Clothing and bedding

2.

Long distance traveling expenses (including travel fees through train, car, bus,
plane and ship)

3.

Heating (centrally heated)

4.

Furniture and consumption of durable goods, included refrigerator, washing
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machine, TV and expensive instruments like piano
5.

Education and training (including tuition, training fees, etc.)

6.

Medical expenditure

7.

Fitness expenditures

8.

Beauty (including make-ups, facials, massages, etc.)

9.

Purchase, maintenance and repair (of transportation vehicles, appliances,
communication products, etc.)

10. Taxes and fees turned over to the government
11. Automobiles
12. Electronics (laptops, computers and accessories, video games, etc.)
13. Property management fees (including parking fee)
14. Donations to the society (including cash, and items like food, clothing, etc.)
I calculated AHLE by summing the expenditure on each item listed above and
categorised the continuous AHLE variable into quartiles with quartile 1 (Q1)
including the lowest 25% and quartile 4 (Q4) the highest 25%.

4.2.3 Assessment of outcome
The primary outcomes were self-reported diabetes, screen-detected diabetes, and
total diabetes. Participants were asked: “Have you ever been diagnosed with diabetes
or high blood sugar by a doctor?”, with those reporting ‘yes’ defined as having selfreported diabetes. Those who responded ‘no’ but had a fasting plasma glucose ≥ 7.0
mmol/L (126 mg/dL), random plasma glucose ≥ 11.1 mmol/L (200 mg/dL) or HbA1c
value ≥ 6.5% were defined as having screen-detected diabetes. Total diabetes
prevalence was defined as the presence of either self-reported or screen-detected
diabetes. The secondary outcome was awareness of diabetes defined as the
proportion of people with self-reported diabetes among all people with total diabetes
(Wang et al., 2017).
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4.2.4 Assessment of covariates
Covariates were obtained from the baseline interviews, including age at the baseline
survey (continuous), sex (men and women), residence (urban, rural and migrant), and
economic-geographic areas of China (Western, Central and Northeastern, and
Eastern). I defined type of residence as urban, rural and migrant. Migrants were
living in urban areas but who had an agricultural hukou. Hukou is China’s permanent
residence administrative registration system, which determines where citizens are
allowed to live. Migrants to urban areas are commonly born and raised in rural areas
and are severely disadvantaged compared to permanent urban residents in terms of
access to health care, education, housing benefits and basic infrastructure (Gong et
al., 2012). Economic-geographic areas of China were categorised into four groups
using the approach used by the National Bureau of Statistics of China and ranked
from high to low per capita disposable income of households as Eastern,
Northeastern, Central and Western (National Bureau of Statistics of China, 2017).
However, due to the small number of participants in Northeast China, I combined
Central China and Northeast China as one group as they are at a similar level of
economic development based on per capita disposable income of households.

4.2.5 Statistical analysis
All analyses were conducted separately for men and women, because there was
heterogeneity in ORs for total prevalent diabetes associated with educational level
between men and women (p value for interaction <0.0001). I compared baseline
characteristics of participants across categories of education and AHLE. The
continuous age variable was summarised as median (interquartile range) and the
Kruskal-Wallis test was used for comparisons, due to the violation of normality
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assumption. Chi-square tests were used for comparisons for categorical data between
SES groups. I calculated age-standardised prevalence of self-reported, screendetected, and total diabetes in men and women according to educational level and
AHLE using the direct method of standardisation with the total population of
CHARLS by 10-year age groups as the standard population. I used univariable and
multivariable logistic regression models to obtain odds ratios and 95% CIs for the
associations between SES and prevalence of self-reported, screen-detected and total
diabetes, and for the association between SES and awareness of diabetes. I adjusted
for age, education or AHLE (as appropriate), residence and economic-geographic
areas of China in the multivariable models. I used likelihood ratio tests to assess the
multiplicative interaction between SES and all other included variables, by
comparing models with and without interaction terms. I carried out a sensitivity
analysis for the association between SES and self-reported diabetes prevalence in the
population who had complete data regardless of availability of blood sample. I
compared the age-standardised prevalence of self-reported diabetes in participants
used for primary and sensitivity analyses, and compared the characteristics of
participants included in and excluded from our primary analyses. I performed
analyses using R software (version 3.3.2).

4.3 Results
4.3.1 Characteristics of CHARLS participants included for analyses
Of the 10100 participants included in the primary analyses, 52.6% (n=5309) were
women. The median (IQR) age was 59 (53-66) years for men and 58 (51-65) years
for women. 13.7% of men and 42.5% of women were illiterate (Table 26). 14.0% of
men and 7.3% of women had an educational level of high school or above (Table
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26). Both men and women in the highest education category were younger, more
likely to live in urban areas and less likely to live in Western China than participants
in the lowest education category (Table 27). The patterns of covariates by AHLE
were generally similar to those for education (Table 28). However, AHLE was not
significantly associated with the economic-geographic areas of China.

Overall, 1592 participants were found to have diabetes, of whom 62.0% (987) had
screen-detected diabetes. After age-standardisation, the prevalence of self-reported
diabetes was 5.2% (95% CI: 4.9%, 5.5%) for men and 6.6% (95% CI: 6.3%, 7.0%)
for women, and screen-detected diabetes was identified in a further 10.1% (95% CI:
9.7%, 10.6%) of men and 9.5% (95% CI: 9.1%, 10.0%) of women. In general, the
age-standardised prevalence of self-reported diabetes and total diabetes were higher
in men (Table 29) and women (Table 30) with higher compared to the lower
educational level and AHLE level. However, there was no clear association between
educational level or AHLE and prevalence of screen-detected diabetes in either sex
(Table 29 and Table 30). Among the participants with diabetes, 34.2% (95% CI:
30.8%, 37.7%) of men and 41.2% (95% CI: 37.9%, 44.5%) of women were aware of
their diabetes status. The awareness of diabetes increased with higher educational
level and AHLE in both men and women (Table 29 and Table 30).
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Table 26. Characteristics of included CHARLS participants by sex
Characteristics

Men (n=4791)

Women (n=5309)

All (n=10100)

59 (53-66)

58 (51-65)

58 (52-65)

Rural

3134 (65.4)

3379 (63.6)

6513 (64.5)

Migrants

900 (18.8)

1108 (20.9)

2008 (19.9)

Urban

757 (15.8)

822 (15.5)

1579 (15.6)

Western

1679 (35.0)

1774 (33.4)

3453 (34.2)

Central and Northeastern

1749 (36.5)

2017 (38.0)

3766 (37.3)

Eastern

1363 (28.4)

1518 (28.6)

2881 (28.5)

Illiterate

658 (13.7)

2256 942.5)

2914 (28.9)

Literate

926 (19.3)

942 (17.7)

1868 (18.5)

Elementary school

1291 (26.9)

932 (17.6)

2223 (22.0)

Middle school

1243 (25.9)

791 (14.9)

2034 (20.1)

High school or above

673 (14.0)

388 (7.3)

1061 (10.5)

Q1

1179 (24.6)

1300 (24.5)

2479 (24.5)

Q2

1201 (25.1)

1352 (25.5)

2553 (25.3)

Q3

1204 (25.1)

1324 (24.9)

2528 (25.0)

Q4

1207 (25.2)

1333 (25.1)

2540 (25.1)

Age (years)
Residence

Geographic area

Educational level

AHLE

AHLE: annual household living expenditure. Values are N (%); age is shown as median with interquartile range.
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Table 27. Characteristics of included CHARLS participants by sex and
categories of education (n=10100)
Characteristics

Educational level
Illiterate

Men (n=4791)

Literate

Elementary

Middle

High school or

school

school

above

n=658

n=926

n=1291

n=1243

n=673

(13.7)

(19.3)

(26.9)

(25.9)

(14.0)

67 (59-74)

61 (56-69)

61 (55-67)

55 (49-61)

54 (49-61)

Rural

532 (80.9)

657 (71.0)

902 (69.9)

749 (60.3)

294 (43.7)

Migrants

98 (14.9)

200 (21.6)

252 (19.5)

251 (20.2)

99 (14.7)

Urban

28 (4.3)

69 (7.5)

137 (10.6)

243 (19.5)

280 (41.6)

Western

257 (39.1)

355 (38.3)

463 (35.9)

413 (33.2)

191 (28.4)

Central and

246 (37.4)

300 (32.4)

443 (34.3)

480 (38.6)

280 (41.6)

155 (23.6)

271 (29.3)

385 (29.8)

350 (28.2)

202 (30.0)

n=2256

n=942

n=932

n=791

n=388

(42.5)

(17.7)

(17.6)

(14.9)

(7.3)

61 (56-70)

58 (53-63)

57 (49-64)

51 (48-58)

51 (48-56)

Rural

1717 (76.1)

632 (67.1)

567 (60.8)

371 (46.9)

92 (23.7)

Migrants

427 (18.9)

227 (24.1)

218 (23.4)

177 (22.4)

59 (15.2)

Urban

112 (5.0)

83 (8.8)

147 (15.8)

243 (30.7)

237 (61.1)

Western

806 (35.7)

295 (31.3)

326 (35.0)

230 (29.1)

117 (30.2)

Central and

775 (34.4)

373 (39.6)

375 (40.2)

331 (41.8)

163 (42.0)

675 (29.9)

274 (29.1)

231 (24.8)

230 (29.1)

108 (27.8)

Age (years)
Residence

Geographic area

Northeastern
Eastern
Women (n=5309)
Age (years)
Residence

Geographic area

Northeastern
Eastern

Values are N (%): % are row% for sex and column% for other variables; age is shown as median with
interquartile range; p value was <0.0001 for all comparisons.
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Table 28. Characteristics of included CHARLS participants by sex and
categories of annual household living expenditure (n=10100)
Characteristics
Men (n=4791)
Age (years)

Annual household living expenditure
Q1

Q2

Q3

Q4

n=1179

n=1201

n=1204

n=1207

(24.6)

(25.1)

(25.1)

(25.2)

62 (56-70)

60 (54-67)

59 (53-65)

56 (49-63)

Residence

p

<0.0001
<0.0001

Rural

880 (74.6)

840 (69.9)

762 (63.3)

652 (54.0)

Migrants

177 (15.0)

208 (17.3)

237 (19.7)

278 (23.0)

Urban

122 (10.3)

153 (12.7)

205 (17.0)

277 (22.9)

Geographic area

0.31

Western

400 (33.9)

417 (34.7)

438 (36.4)

424 (35.1)

Central and Northeastern

415 (35.2)

462 (38.5)

437 (36.3)

435 (36.0)

Eastern

364 (30.9)

322 (26.8)

329 (27.3)

348 (28.8)

n=1300

n=1352

n=1324

n=1333

(24.5)

(25.5)

(24.9)

(25.1)

62 (55-70)

58 (52-65)

57 (50-63)

55 (48-61)

Women (n=5309)
Age (years)
Residence

<0.0001
<0.0001

Rural

936 (72.0)

904 (66.9)

827 (62.5)

712 (53.4)

Migrants

233 (17.9)

260 (19.2)

295 (22.3)

320 (24.0)

Urban

131 (10.1)

188 (13.9)

202 (15.3)

301 (22.6)

Geographic area

0.27

Western

414 (31.8)

445 (32.9)

464 (35.0)

451 (33.8)

Central and Northeastern

483 (37.2)

536 (39.6)

499 (37.7)

499 (37.4)

Eastern

403 (31.0)

371 (27.4)

361 (27.3)

383 (28.7)

Values are N (%): % are row% for sex and column% for other variables; age is shown as median with
interquartile range.
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Table 29. Age-standardised* prevalence and 95% CIs of self-reported, screen-detected and total diabetes in men in CHARLS
(n=4791)
Socioeconomic status

No. of
participants

Self-reported diabetes

Screen-detected diabetes

Total diabetes

No. of

Age-standardised

No. of

Age-standardised

No. of

Age-standardised

participants

prevalence (%)

participants

prevalence (%)

participants

prevalence (%)

Awareness (%)

Educational level
Illiterate

658

18

2.8 (2.6, 3.1)

65

8.0 (7.6, 8.4)

83

10.8 (10.5, 11.3)

21.7 (12.8, 30.6)

Literate

926

53

6.0 (5.7, 6.4)

101

10.3 (9.9, 10.8)

154

16.3 (16.0, 16.7)

34.4 (26.9, 41.9)

Elementary school

1291

66

5.0 (4.7, 5.3)

113

8.9 (8.5, 9.3)

179

13.9 (13.6, 14.2)

36.9 (29.8, 43.9)

Middle school

1243

56

4.6 (4.3, 4.9)

136

11.4 (11.0, 11.9)

192

16.0 (15.7, 16.3)

29.2 (22.7, 35.6)

High school or above

673

59

9.1 (8.6, 9.5)

69

10.2 (9.8, 10.7)

128

19.3 (18.9, 19.6)

46.1 (37.4, 54.7)

Q1

1179

39

3.1 (2.8, 3.3)

123

9.7 (9.3, 10.2)

162

7.8 (7.5, 8.1)

24.1 (17.5, 30.7)

Q2

1201

54

4.5 (4.2, 4.8)

110

9.1 (8.7, 9.6)

164

13.6 (13.3, 13.9)

32.9 (25.7, 40.1)

Q3

1204

77

6.4 (6.1, 6.8)

132

10.9 (10.4, 11.3)

209

17.3 (17.0, 17.6)

36.8 (30.3, 43.4)

Q4

1207

82

7.0 (6.6, 7.4)

119

9.9 (9.5, 10.3)

201

16.9 (16.6, 17.3)

40.8 (34.0, 47.6)

AHLE

AHLE: annual household living expenditure. *age-standardised prevalence according to total population of CHARLS (10-year age group).
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Table 30. Age-standardised* prevalence and 95% CIs of self-reported, screen-detected and total diabetes in women in CHARLS
(n=5309)
Socioeconomic status

No. of
participants

Self-reported diabetes

Screen-detected diabetes

Total diabetes

No. of

Age-standardised

No. of

Age-standardised

No. of

Age-standardised

participants

prevalence (%)

participants

prevalence (%)

participants

prevalence (%)

Awareness (%)

Educational level
Illiterate

2256

137

5.7 (5.4, 6.1)

225

9.4 (8.9, 9.8)

362

15.1 (14.7, 15.5)

37.8 (32.8, 42.8)

Literate

942

63

6.4 (6.0, 6.7)

94

10.0 (9.6, 10.5)

157

16.4 (16.1, 16.7)

40.1 (32.5, 47.8)

Elementary school

932

68

7.2 (6.9, 7.6)

89

10.9 (10.5, 11.3)

157

18.1 (17.7, 18.5)

43.3 (35.6, 51.1)

Middle school

791

57

10.1 (9.7, 10.6)

62

7.1 (6.7, 7.5)

119

17.2 (16.8, 17.6)

47.9 (38.9, 56.9)

High school or above

388

28

11.1 (10.6, 11.6)

33

11.8 (11.3, 12.2)

61

22.9 (22.5, 23.3)

45.9 (33.4, 58.4)

Q1

1300

50

3.7 (3.4, 4.0)
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11.1 (10.6, 11.6)

195

14.8 (14.4, 15.2)

25.6 (19.5, 31.8)

Q2

1352

94

6.8 (6.5, 7.2)

120

8.9 (8.5, 9.3)

214

15.7 (15.4, 16.0)

43.9 (37.3, 50.6)

Q3

1324

102

7.8 (7.4, 8.2)

122

9.7 (9.3, 10.1)

224

17.5 (17.2, 17.8)

45.5 (39.0, 52.1)

Q4

1333

107

8.7 (8.3, 9.2)

116

9.1 (8.7, 9.5)

223

17.8 (17.5, 18.1)

48.0 (41.4, 54.5)

AHLE

AHLE: annual household living expenditure. *age-standardised prevalence according to total population of CHALS (10-year age group).
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4.3.2 Associations between SES and prevalence of diabetes
After adjustment for age, AHLE, residence and geographic areas, educational level
was positively associated with odds of both self-reported diabetes prevalence and
total diabetes prevalence in men (Table 31), but not in women (Table 32). The odds
ratio of having self-reported diabetes and total diabetes was 2.41 (95% CI: 1.36,
4.46) and 1.53 (95% CI: 1.10, 2.15) for men, and 1.20 (95% CI: 0.77, 1.81) and 0.91
(95% CI: 0.64, 1.28) for women with at least high school educational level compared
to those who were illiterate. AHLE was also positively associated with odds of selfreported diabetes prevalence in both men and women (Table 33 and Table 34). The
odds ratio of having self-reported diabetes was 1.87 (95% CI: 1.26, 2.84) for men
and 2.31 (95% CI: 1.62, 3.34) for women in the highest AHLE quartile compared to
those in the lowest AHLE quartile. However, a statistically significant positive
association between AHLE and total diabetes was only observed in the third quartile
(Q3) category compared to the lowest AHLE in both men (OR:1.29, 95% CI: 1.03,
1.62) and women (OR: 1.25, 95% CI: 1.01, 1.55). Neither educational level nor
AHLE was associated with screen-detected diabetes in men nor women. There was
no evidence for interaction of education or AHLE with age, AHLE or education (as
appropriate), residence and geographic area on diabetes prevalence (all p values for
likelihood ratio test for interaction were larger than 0.05).
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Table 31. Unadjusted and adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to
educational level with comparison to the illiterate group in men in CHARLS (n=4791)
Diabetes

Educational level (reference group: illiterate)
Literate

p value

Elementary school

p value

Middle school

p value

High school or above

p value

Model 1

2.16 (1.28, 3.82)

0.006

1.92 (1.15, 3.35)

0.02

1.68 (1.00, 2.96)

0.06

3.42 (2.03, 6.02)

<0.0001

Model 2

2.07 (1.22, 3.69)

0.01

1.82 (1.08, 3.22)

0.03

1.49 (0.86, 2.72)

0.17

2.41 (1.36, 4.46)

0.004

Model 1

1.12 (0.81, 1.56)

0.51

0.88 (0.64, 1.21)

0.42

1.12 (0.82, 1.54)

0.47

1.04 (0.73, 1.49)

0.82

Model 2

1.18 (0.85, 1.65)

0.33

0.95 (0.68, 1.32)

0.75

1.28 (0.91, 1.81)

0.15

1.18 (0.79, 1.75)

0.42

Model 1

1.38 (1.04, 1.85)

0.03

1.12 (0.85, 1.48)

0.44

1.27 (0.96, 1.68)

0.10

1.63 (1.21, 2.20)

0.001

Model 2

1.42 (1.06, 1.90)

0.02

1.16 (0.87, 1.55)

0.32

1.33 (0.99, 1.80)

0.06

1.53 (1.10, 2.15)

0.010

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: crude odds ratio.
Model 2: adjusted for age, AHLE, residence and geographic area.
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Table 32. Unadjusted and adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to
educational level with comparison to the illiterate group in women in CHARLS (n=5309)
Diabetes

Educational level (reference group: illiterate)
Literate

p value

Elementary school

p value

Middle school

p value

High school or above

p value

Model 1

1.11 (0.81, 1.50)

0.51

1.22 (0.90, 1.64)

0.20

1.20 (0.87, 1.65)

0.26

1.20 (0.77, 1.81)

0.39

Model 2

1.10 (0.80, 1.51)

0.54

1.17 (0.85, 1.60)

0.34

1.01 (0.69, 1.45)

0.97

0.84 (0.51, 1.36)

0.49

Model 1

1.00 (0.77, 1.29)

0.99

0.95 (0.73, 1.23)

0.71

0.77 (0.57, 1.02)

0.08

0.84 (0.56, 1.21)

0.37

Model 2

1.09 (0.83, 1.40)

0.54

1.04 (0.79, 1.36)

0.77

0.92 (0.66, 1.28)

0.64

1.00 (0.64, 1.54)

0.98

Model 1

1.05 (0.85, 1.28)

0.66

1.06 (0.86, 1.30)

0.58

0.93 (0.74, 1.16)

0.51

0.98 (0.72, 1.30)

0.87

Model 2

1.10 (0.89, 1.36)

0.36

1.10 (0.89, 1.36)

0.38

0.96 (0.74, 1.24)

0.75

0.91 (0.64, 1.28)

0.59

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: crude odds ratio.
Model 2: adjusted for age, AHLE, residence and geographic area.
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Table 33. Unadjusted and adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to annual
household living expenditure with comparison to the lowest quartile in men in CHARLS (n=4791)
Diabetes

Annual household living expenditure (reference group: Q1)
Q2

p value

Q3

p value

Q4

p value

Model 1

1.38 (0.91, 2.11)

0.14

2.00 (1.36, 2.99)

0.0005

2.13 (1.45, 3.18)

0.0001

Model 2

1.36 (0.89, 2.09)

0.15

1.90 (1.28, 2.86)

0.002

1.87 (1.26, 2.84)

0.002

Model 1

0.87 (0.66, 1.13)

0.30

1.06 (0.82, 1.37)

0.68

0.94 (0.72, 1.23)

0.64

Model 2

0.86 (0.66, 1.14)

0.30

1.05 (0.81, 1.37)

0.72

0.95 (0.72, 1.25)

0.69

Model 1

0.99 (0.79, 1.25)

0.95

1.32 (1.06, 1.65)

0.02

1.25 (1.00, 1.57)

0.05

Model 2

0.99 (0.78, 1.25)

0.93

1.29 (1.03, 1.62)

0.03

1.20 (0.95, 1.52)

0.13

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: crude odds ratio.
Model 2: adjusted for age, education, residence and geographic area.
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Table 34. Unadjusted and adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to annual
household living expenditure with comparison to the lowest quartile in women in CHARLS (n=5309)
Diabetes

Annual household living expenditure (reference group: Q1)
Q2

p value

Q3

p value

Q4

p value

Model 1

1.87 (1.32, 2.67)

<0.0001

2.09 (1.48, 2.97)

<0.0001

2.18 (1.55, 3.10)

<0.0001

Model 2

1.96 (1.38, 2.82)

0.0002

2.28 (1.61, 3.30)

<0.0001

2.31 (1.62, 3.34)

<0.0001

Model 1

0.78 (0.60, 1.00)

0.05

0.81 (0.63, 1.04)

0.1

0.76 (0.59, 0.98)

0.04

Model 2

0.81 (0.63, 1.05)

0.12

0.86 (0.66, 1.11)

0.25

0.82 (0.63, 1.07)

0.14

Model 1

1.07 (0.86, 1.32)

0.56

1.15 (0.94, 1.42)

0.18

1.14 (0.92, 1.40)

0.23

Model 2

1.12 (0.91, 1.39)

0.29

1.25 (1.01, 1.55)

0.04

1.22 (0.98, 1.52)

0.07

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: crude odds ratio.
Model 2: adjusted for age, education, residence and geographic area.
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4.3.3 Associations between SES and awareness of diabetes
Among participants with diabetes, both educational level (only in men) and AHLE
were positively associated with awareness of diabetes (Table 35 and Table 36).
Compared to the lowest educational level, the odds ratios of awareness of diabetes
with at least high school education were 2.26 (95% CI: 1.13, 4.64) and 0.89 (95% CI:
0.47, 1.70) for men and women, respectively. Compared to the lowest AHLE
quartile, the odds ratios of awareness of diabetes in the highest AHLE quartile were
2.22 (95% CI: 1.37, 3.65) and 2.71 (95% CI: 1.76, 4.22) for men and women,
respectively. There was no evidence for interaction of education or AHLE with age,
AHLE or education (as appropriate), residence and geographic area on awareness of
diabetes (all p values for likelihood ratio test for interaction were larger than 0.05).
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Table 35. Unadjusted and adjusted odds ratios (95% CIs) for awareness of diabetes according to educational level with comparison
to the illiterate group in men and women in CHARLS
Sex

Educational level (reference group: illiterate)
Literate

p value

Elementary school

p value

Middle school

p value

High school or above

p value

Model 1

1.89 (1.03, 3.59)

0.042

2.11 (1.17, 3.94)

0.015

1.49 (0.82, 2.79)

0.20

3.09 (1.67, 5.90)

0.0004

Model 2

1.80 (0.96, 3.49)

0.074

1.91 (1.03, 3.67)

0.045

1.29 (0.67, 2.54)

0.46

2.26 (1.13, 4.64)

0.023

Model 1

1.10 (0.75, 1.61)

0.62

1.25 (0.86, 1.83)

0.24

1.51 (0.99, 2.29)

0.053

1.39 (0.80, 2.41)

0.23

Model 2

0.98 (0.64, 1.48)

0.91

1.17 (0.77, 1.77)

0.47

1.08 (0.66, 1.77)

0.76

0.89 (0.47, 1.70)

0.74

Men

Women

Mode l: crude odds ratio.
Model 2: adjusted for age, AHLE, residence and geographic area.
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Table 36. Unadjusted and adjusted odds ratios (95% CIs) for awareness of diabetes according to according to annual household
living expenditure with comparison to the lowest quartile in men and women in CHARLS
Sex

Annual household living expenditure (reference group: Q1)
Q2

p value

Q3

p value

Q4

p value

Model 1

1.55 (0.96, 2.53)

0.078

1.84 (1.17, 2.92)

0.0089

2.17 (1.38, 3.46)

0.0009

Model 2

1.69 (1.02, 2.82)

0.042

1.92 (1.19, 3.12)

0.0079

2.22 (1.37, 3.65)

0.0014

Model 1

2.27 (1.50, 3.47)

<0.0001

2.42 (1.61, 3.69)

<0.0001

2.68 (1.77, 4.07)

<0.0001

Model 2

2.24 (1.46, 3.46)

0.0003

2.53 (1.65, 3.90)

<0.0001

2.71 (1.76, 4.22)

<0.0001

Men

Women

Mode l: crude odds ratio.
Model 2: adjusted for age, education, residence and geographic area.
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4.3.4 Results from sensitivity analyses
In sensitivity analyses, I described the association between SES and self-reported
diabetes using the population with complete data regardless of whether blood
samples were available for participants in order to explore potential for selection
bias. The results were similar to those from the population included in our primary
analyses (Table 37 and Table 38). The age-standardised prevalence of self-reported
diabetes in participants for sensitivity analyses (population with complete data
regardless of whether blood samples were available) was 5.2% (95% CI: 4.7%,
5.7%) for men and 6.3% (95% CI: 5.8%, 6.9%) for women, similar to the estimates
for the participants for the primary analyses among the sub-group of people for
whom blood test results and other complete data were available. However, there were
significant differences in characteristics between the participants included in and
excluded from the primary analyses. Participants excluded from the analyses because
they did not provide a blood sample or had missing data, were younger, more
educated, and were more likely to live in urban and Eastern China compared to those
included in the analyses, but there were no differences in sex, AHLE and proportion
of self-reported diabetes (Table 39).
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Table 37. Sex-specific unadjusted and adjusted odds ratios (95% CIs) for self-reported diabetes according to educational in the
CHARLS population with complete data but regardless of availability of blood sample with comparison to illiterate group
(n=15181)
Sex

Educational level (reference: illiterate)
Literate

Men (n=7430)
Self-reported diabetes (n=389)

p value

Elementary school

p value

Middle school

p value

High school or above

1347

1953

1958

1221

70

103

84

101

p value

Model 1

1.63 (1.07, 2.54)

0.03

1.65 (1.11, 2.53)

0.02

1.33 (0.88, 2.05)

0.18

2.68 (1.79, 4.10)

<0.0001

Model 2

1.65 (1.07, 2.59)

0.03

1.65 (1.09, 2.55)

0.02

1.28 (0.83, 2.03)

0.28

1.89 (1.21, 3.03)

0.007

Women (n=7751)
Self-reported diabetes (n=490)

1367

1325

1178

690

88

93

88

46

Model 1

1.19 (0.91, 1.54)

0.21

1.30 (1.00, 1.68)

0.05

1.39 (1.06, 1.81)

0.01

1.23 (0.87, 1.71)

0.23

Model 2

1.20 (0.91, 1.58)

0.19

1.30 (0.98, 1.70)

0.07

1.21 (0.89, 1.65)

0.22

0.81 (0.54, 1.20)

0.30

Mode l: crude odds ratio.
Model 2: adjusted for age, AHLE, residence and geographic area.
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Table 38. Sex-specific unadjusted and adjusted odds ratios (95% CIs) for self-reported diabetes according to annual household
living expenditure in the CHARLS population with complete data but regardless of availability of blood sample with comparison to
the lowest quartile (n=15181)
Sex

Annual household living expenditure (ref: Q1)
Q2

Men (n=7430)
Self-reported diabetes (n=389)

p value

Q3

p value

Q4

1861

1886

1864

79

120

135

p value

Model 1

1.42 (1.00, 2.03)

0.05

2.18 (1.58, 3.04)

<0.0001

2.50 (1.83, 3.48)

<0.0001

Model 2

1.42 (1.00, 2.03)

0.05

2.08 (1.50, 2.92)

<0.0001

2.29 (1.65, 3.22)

<0.0001

Women (n=7751)

1967

1927

1912

Self-reported diabetes (n=490)

122

147

152

Model 1

1.80 (1.33, 2.44)

0.0001

2.25 (1.68, 3.03)

<0.0001

2.35 (1.76, 3.16)

<0.0001

Model 2

1.90 (1.41, 2.59)

<0.0001

2.38 (1.77, 3.22)

<0.0001

2.47 (1.83, 3.36)

<0.0001

Mode l: crude odds ratio.
Model 2: adjusted for age, education, residence and geographic area.
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Table 39. Characteristics of participants included and excluded in the primary
analysis in CHARLS
Characteristics

Participants included

Participants excluded

P value

(n=10100)

(n=7608)

Age (years)

58 (52-65)

57 (49-65)

<0.0001

Men (%)

4791 (47.4)

3680 (48.5)

0.18

605 (6.0)

388 (5.3)

0.06

Self-reported diabetes
Yes
Educational level

<0.0001

Illiterate

2914 (28.9)

1889 (25.0)

Literate

1868 (18.5)

1272 (16.8)

Elementary school

2223 (22.0)

1589 (21.0)

Middle school

2034 (20.1)

1618 (21.4)

High school or above

1061 (10.5)

1185 (15.7)

AHLE

0.94

Q1

2479 (24.5)

1391 (24.8)

Q2

2553 (25.3)

1395 (24.9)

Q3

2528 (25.0)

1414 (25.2)

Q4

2540 (25.1)

1400 (25.0)

Residence

<0.0001

Rural

6513 (64.5)

4024 (52.9)

Migrants

2008 (19.9)

1591 (20.9)

Urban

1579 (15.6)

1990 (26.2)

Geographic area

<0.0001

Western

3453 (34.2)

2310 (30.4)

Central and Northeastern

3766 (37.3)

2565 (33.7)

Eastern

2881 (28.5)

2730 (35.9)

AHLE: annual household living expenditure. Values are N (%); age is shown as median with interquartile range;
missing data for participants excluded in the analysis were 27, 15, 299, 55, 2008, 3, and 3 for age, sex, selfreported diabetes, educational level, AHLE, residence, and geographic area, respectively.
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4.4 Discussion
Using population-based cross-sectional data from CHARLS for 2011-2012, I found
that educational level and AHLE were positively associated with total diabetes
prevalence in men. However, there was a non-significant inverse association between
educational level and total diabetes prevalence in women, and a positive association
between AHLE and total diabetes prevalence in women. These associations were
robust across different residence categories and geographic areas of China.

4.4.1 Limitations and strengths of this study
Some important limitations of this study should be recognised. First, although
CHARLS is a Chinese nationally representative study, I excluded a large number of
participants who did not provide a blood sample or had missing data. The
participants excluded had different characteristics from those included in the primary
analyses. This indicates that potential selection bias may be introduced in this
process. As a result, the participants included in the primary analyses may not be
representative of the entire Chinese population aged 45 years or older in mainland
China. Second, as most of the data in this study were self-reported, information bias
is possible. The accuracy and completeness of reporting by participants in CHALRS
may differ by SES. For example, participants with a poor living condition may be
more likely to recall their daily household expenditure than those who are richer.
Third, I used household expenditure as a proxy for household income to describe
participants’ SES due to the unavailability (missing data was substantial) of
information on household income. Previous studies have reported that household
expenditure is a reasonable proxy for household income, and may be used
interchangeably with household income if the estimation of the household
expenditure is reliable (Cope et al., 2012). However, the complexity of the methods
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in calculating household expenditure sometimes makes its reliability doubtful in
practice. I have listed the expenditure items used in CHARLS to calculate household
expenditure in the methods section. It should be noted that some important daily
household expenditure was not included in the questionnaire, such as food
consumption. Fourth, screen-detected diabetes was based on a single test that may
overestimate the true prevalence of newly diagnosed diabetes, and underestimate the
awareness of diabetes. Both the WHO and ADA recommend that clinical diagnosis
of diabetes should be made on the basis of two abnormal test results in people
without symptoms of hyperglycaemia (World Health Organization, 1999, American
Diabetes Association, 2018). The awareness of diabetes (34.2% [95% CI: 30.8%,
37.7%] in men and 41.2% [95% CI: 37.9%, 44.5%] in women) in this study was very
similar to that in 2013 China national diabetes survey (33.5% [95% CI: 31.2%,
35.9%] in men and 39.8% [95% CI: 37.5%, 42.2%] in women aged 18 years or
older) (Wang et al., 2017), Fifth, information on important potential mediating
factors between SES and diabetes was incomplete or not collected in 2011-2012
CHARLS data, such as BMI and physical activity that are risk factors for diabetes
and whose distribution are also likely to differ by SES (Sundquist and Johansson,
1998, Jeon et al., 2007, Abdullah et al., 2010, Ng et al., 2014). As a result, in this
study I sought to determine whether SES was associated with diabetes, irrespective
of the mechanism. Sixth, the data used in the analyses were collected in 2011–2012
and may not represent current patterns given the rapid development in China.
Seventh, this study had less statistical power to detect an effect of educational level
on diabetes prevalence, and awareness of diabetes in women than men because of the
small proportion (7.3%) of women in the highest education category in in CHARLS.
Eighth, the cross-sectional nature of this study precluded conclusions regarding a
causal relationship between SES and diabetes prevalence. Last, the scope of our
study did not include people younger than 45 years. Given the growing number of
people with young-onset diabetes, future studies are needed to clarify the association
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between SES and diabetes prevalence in young Chinese people. Despite the
limitations, to my knowledge this is the first nationwide study to describe the
associations between SES and all of self-reported diabetes, screen-detected diabetes,
and total diabetes in mainland China, with consideration of geographic and urbanrural differences. Compared to previous studies published in the area, it provides a
more comprehensive picture of the association between SES and prevalence of
diabetes in China.

4.4.2 Potential explanations for the findings in this study
The findings in this study were not consistent with those from high-income countries,
which reported that type 2 diabetes was more prevalent among people with low SES
(Meadows, 1995, Connolly et al., 2000, Evans et al., 2000, Robbins et al., 2001,
Tang et al., 2003, Espelt et al., 2008), but were consistent with those from low- and
middle-income countries, which reported a positive association between SES and
prevalence of type 2 diabetes (Ali et al., 1993, Sayeed et al., 1997, Ramachandran et
al., 2001, Illangasekera et al., 2004). In addition, I observed there were sex
differences in the associations between educational level and self-reported diabetes
and total diabetes prevalence. This finding was consistent with that from my
systematic review in Chapter 3, which found some evidence that the association
between SES and diabetes prevalence might differ in men and women. However,
these sex differences in the association between SES and prevalence of diabetes were
not observed for household expenditure.

The magnitude of the positive association of SES with self-reported diabetes was
much larger than that with total diabetes prevalence. The possible explanation for
this may be due to higher awareness of diabetes in high SES groups. Findings in this
study as well as a previous study in China showed Chinese people with diabetes of
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higher SES were more likely to be aware of their diabetes status compared to those
of lower SES (Cai et al., 2011). Cai et al. included 10007 Chinese adults aged 18
years or older from rural areas of Yunnan province in China and found that the OR
for awareness of diabetes (diabetes was diagnosed by fasting blood glucose ≥ 7.0
mmol/L, using antidiabetic medication or self-report a previous diagnosis of
diabetes) was 3.20 (95% CI: 1.87, 5.11) for people with middle or higher educational
level compared to illiterate people, and was 2.72 (95% CI: 1.75, 5.98) for people
with high household income compared to people with low household income after
adjustment for age and sex (Cai et al., 2011). The early stages of diabetes are usually
asymptomatic and the disease may be sub-clinical for many years. Thus diabetes may
remain undiagnosed for a long period of time, until blood glucose tests are performed
or complications occur (American Diabetes Association, 2018). In China, not every
person has equal access to the same quality of health care. Access to primary care
and hospitals is greatly affected by people’s ability to pay. Thus, people with higher
SES usually have greater access to health care, such as routine health checks, and are
more likely to be diagnosed at an earlier stage of diabetes than those with lower SES.

I did not find a statistically significant association between SES and screen-detected
diabetes either in men nor in women. However, I found similar prevalence of screendetected diabetes across all SES groups. In this study, the prevalence of screendetected diabetes was much higher than self-reported diabetes across all SES groups,
which was consistent with the patterns observed in the 2013 China national diabetes
survey (Wang et al., 2017). The proportion of total diabetes that was self-reported in
this study was 34.2% (95% CI: 30.8%, 37.7%) in men and 41.2% (95% CI: 37.9%,
44.5%) in women. This indicates that a very high proportion of diabetes was
undiagnosed in the Chinese population suggesting that population-based programmes
to increase the awareness of risk factors and consideration of the potential costs and
benefits of early detection and diagnosis of diabetes are needed across all levels of
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SES.

The positive associations between educational level and self-reported and total
diabetes were only statistically significant in men but not in women. As potential
mediating variables were not available in this study, I was not able to explore the
mechanism linking SES and diabetes prevalence, and to understand through which
education level had a different effect on men and women. The reasons for observed
sex difference were unclear, but the potential explanations may be related to differing
distribution of educational status for men and women. Middle-aged and older
Chinese women grew up prior to the recent economic development and a smaller
proportion of women had the opportunity to receive higher levels of education than
men. Therefore, education may not provide a useful measure of SES of middle-aged
and older Chinese women. Though education practices have varied over time in
China, we found no evidence of modification of the association between education
and diabetes prevalence by birth cohort. Another reason may also be that women are
at an earlier stage of epidemiological transition in the association between
educational level and diabetes prevalence shifting from being positive to inverse.
This explanation is based on the evidence that a previous systematic review reported
that during economic development, the burden of obesity, which is the most
important risk factor for diabetes, tends to shift from groups with high to low
educational level, and this transition occurs earlier form women than men (Monteiro
et al., 2004). In addition, there is likely to be low statistical power to detect an effect
of educational level on prevalent diabetes among women due to the small proportion
of women in the highest education group.

The likelihood of developing diabetes depends upon risk factor patterns. Diabetes is
a chronic disease highly related to lifestyle behaviours (Hu et al., 2001a). Rapid
income growth in China is adversely affecting the Chinese diet, with dietary patterns

158

shifting from a traditional Chinese healthy diet toward an increased consumption of
high energy foods (Du et al., 2004, Li et al., 2017b). Furthermore, this transition is
occurring faster among poor people than among affluent groups (Du et al., 2004). In
addition, according to the China Health and Nutrition Survey from 1991 to 2011,
there was a significant decline in physical activity in the Chinese population,
especially for occupational activity (Ng et al., 2014). This study also found higher
education and income levels were associated with lower levels of physical activity.
As these behavioural risk factors for diabetes are strongly patterned by SES in China,
these are likely to contribute to differences in diabetes prevalence across different
SES groups. Future studies are needed to describe the potential mediating roles of
these factors linking SES and diabetes prevalence in China.

4.5 Chapter summary
Using data from the baseline survey of CHARLS for 2011-2012, I found that
educational level in men, and AHLE, a proxy measures of household income, in both
sexes were positively associated with self-reported and total diabetes prevalence, and
awareness of diabetes in a Chinese population aged 45 years or older. However,
considering the various limitations in this study which I have mentioned in the
discussion, further studies are needed to clarify the findings and make the
conclusions more robust and should include:
1.

younger people to establish whether findings in older populations can be
generalised to young Chinese adults;

2.

larger sample size to increase statistical power of detecting an association
between educational level and diabetes prevalence in women;

3.

nationwide data with more complete data to reduce potential selection bias;

4.

variables to identify potential mediating roles, such as BMI, physical activity
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and diet, between SES and prevalence of diabetes.
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Chapter 5. Association between socioeconomic status and
type 2 diabetes prevalence in Chinese adults: findings from
baseline data of the China Kadoorie Biobank cohort

5.1 Chapter introduction
In this chapter, I used cross-sectional baseline data from the China Kadoorie Biobank
(CKB), a large nationwide prospective cohort study in mainland China including 0.5
million Chinese adults aged 30-79 years, to describe the associations between SES
(measured by educational level and household income) and self-reported, screendetected and total diabetes, and awareness of diabetes. In addition, I investigate the
role of some potential mediating variables linking SES and prevalent diabetes.

5.2 Methods
5.2.1 Study population and data collection
CKB is a large prospective cohort study performed within the mainland Chinese
population, and the details of the study design, methods, and participant
characteristics have been previously reported (Chen et al., 2011). Briefly, CKB
recruited 512891 Chinese adults aged 30-79 years from ten areas of China, including
five rural areas and five urban areas defined according to governmental
administrative structure, between June 2004 and July 2008. The study areas were
selected according to local disease patterns, exposure to certain risk factors,
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population stability, quality of death and disease registries, local commitment and
capacity. The rural areas were selected from Gansu, Henan, Sichuan, Hunan and
Zhejiang; and the urban areas were selected from Harbin, Qingdao, Suzhou, Liuzhou
and Haikou (Figure 13). Overall, 1801167 registered residents aged 35-74 years and
without known major disability in these study areas were invited to participate in the
study of whom 502176 participated in the baseline survey (response rate was 33% in
rural areas and 27% in urban areas). Another 10715 people outside the targeted age
range (35-74 years) who attended the survey clinics were also included, making the
actual baseline age range between 30 and 79 years. Information on demographic and
socioeconomic characteristics, health-related behaviours, personal and family
medical history was collected from participants by interviewer-administered
electronic questionnaires. A range of physical measurements was performed
following standard protocols and calibrated

Figure 13. Locations of the ten study areas of the China Kadoorie Biobank
study
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instruments. Ethical approval for this study was obtained from the University of
Oxford, the Chinese Centre for Disease Control and Prevention, and the local
Centres for Disease Control and Prevention in the ten study areas. All participants
provided written informed consent.

5.2.2 Assessment of exposure
I used the highest educational level an individual attained and total household
income in the previous year to describe participants’ SES using information from the
baseline questionnaire. The educational level categories were:
1.

No formal school

2.

Primary school

3.

Middle or high school

4.

College or above.

The categories of total household income (Chinese yuan) in the previous year were:
1.

<10000

2.

10000-19999

3.

20000-34999

4.

≥35000.

In addition, I categorised participants into four groups based on a composite measure
of educational level and income, which included:
1.

low educational level and low income

2.

low educational level and high income

3.

high educational level and low income

163

4.

high educational level and high income

Low educational level was defined as an educational level of primary school or
below, and low household income was defined as household income less than 20000
Chinese yuan in the previous year.

5.2.3 Assessment of outcome
A 10-ml non-fasting blood sample was collected from study participants at baseline
and fasting time was recorded. Plasma glucose levels were tested on-site using the
SureStep Plus meter (LifeScan). Participants with plasma glucose levels from 7.8
mmol/L to less than 11.1 mmol/L (140 to <200 mg/dL) were invited to return for a
fasting plasma glucose test on the following day. Participants were asked: “Has a
doctor ever told you that you had had diabetes?”, with those reporting ‘yes’ defined
as having self-reported diabetes. Screen-detected diabetes was defined among
participants without self-reported diabetes on the basis of any of:
1.

random plasma glucose level ≥7.0 mmol/L (126 ml/dL) and a fasting time ≥8
h;

2.

random plasma glucose level ≥11.1 mmol/L (200 ml/dL) and a fasting time <8
h;

3.

fasting plasma glucose level ≥7.0 mmol/L (126 ml/dL).

Total diabetes prevalence was defined as the presence of either self-reported or
screen-detected diabetes. Awareness of diabetes was defined as the proportion of
people with self-reported diabetes among all people with total diabetes.

5.2.4 Assessment of covariates
Covariates were obtained from the baseline interviewer-administered electronic
questionnaires and physical measurements. They included age at the baseline survey
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(continuous), sex (men or women), residence (urban or rural), ten study areas (see
Figure 13), geographic areas of China (Eastern, Northeastern, Central or Western),
regular alcohol consumption (yes or no), regular active smoking (yes or no), regular
passive smoking (yes or no), regular consumption of fresh fruit (yes or no), vegetable
(yes or no) and fish (yes or no), prior diseases including heart disease (yes or no),
stroke (yes or no) and cancer (yes or no), family history of diabetes (yes or no), BMI
(continuous), physical activity (continuous), SBP (continuous), DBP (continuous),
waist circumference (continuous) and fat percentage (continuous). Participants’
height, weight, waist circumference, and percentage body fat were measured by
trained technicians. Height was measured using a stadiometer, and waist
circumference was measured with a soft nonstretchable tape midway between the
lowest rib and the iliac crest. Weight and fat percentage were measured by using a
bioelectrical impedance device. Blood pressure was measured twice using a digital
monitor after participants had remained at rest in a seated position for at least five
minutes. The mean of the two measures of blood pressure was used for analysis in
this study. BMI was calculated by dividing weight in kilograms by height in metres
squared (kg/m2) (Chen et al., 2011). I used BMI cut-off points for Chinese
populations to define overweight (≥24 kg/m2 and <28 kg/m2) and obesity (≥28
kg/m2) (Zhou, 2002). Physical activity was estimated by summing the metabolic
equivalent tasks (METs) hours per day spent on work, commuting, housework, and
non-sedentary recreational activities (Du et al., 2013). Mets from the 2011
Compendium of physical activates were used (Ainsworth et al., 2011). The Met value
for physical activity was the ratio of the energy expended per kilogram of weight per
hour during the activity to that expended when sitting quietly. One Met is equivalent
to sitting quietly for one hour.
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5.2.5 Statistical analysis
I excluded 2672 (0.5%) participants with missing, implausible, or extreme values for
all variables leaving 510219 participants for the present analyses (Figure 14).
Implausible or extreme values of continuous variables were defined as those out of
0.01 and 99.99 percentiles of the distribution. The criteria used were: SBP <80 or
≥250 mmHg; DBP <40 or ≥150 mmHg; height <1.25 or ≥1.9 m; weight <28 or ≥115
kg; waist circumference <50 or ≥125 cm; BMI <15 or ≥40 kg/m2 and fat percentage
<4% or ≥65%.

512891 participants in CKB

1628 participants with missing data
excluded
511263 participants with
complete data
1044 participants with implausible or extreme
values for blood pressure, height, weight,
waist circumference, BMI and fat percentage
excluded
510219 participants
included for cross-sectional
analyses

Figure 14. Flowchart describing selection process of participants with complete
data and without implausible or extreme values from CKB included in crosssectional analyses

All analyses were performed separately for men and women, because there was
heterogeneity in ORs for total prevalent diabetes associated with educational level
and household income between men and women (p values for interaction <0.0001). I
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compared baseline characteristics of participants across categories of educational
level and household income. I used analysis of variance for comparisons for
continuous variables, and Chi-square test for comparisons for categorical data.
Continuous data were presented as mean (SD) if normally distributed, and
categorical variables were presented as counts (%). I calculated age-standardised
prevalence of self-reported, screen-detected, and total diabetes in men and women
according to educational level, household income and composite measure of SES
using the direct method of standardisation with the total population of CKB included
in the analyses by 5-year age groups as the standard population. I used logistic
regression models to obtain ORs and 95% CIs for the associations between SES and
prevalence of self-reported, screen-detected and total diabetes. For the association
between educational level and prevalent diabetes, I adjusted for age at baseline
(continuous), study areas, family history of diabetes, and household income in basic
model (model 1). For the association between household income and prevalent
diabetes, I adjusted for age at baseline (continuous), study areas, family history of
diabetes, educational level and household size in basic model (model 1). I created
model 2 and model 3 in order to investigate the potential mediating variables
between SES and prevalent diabetes. I added BMI to model 1 to create model 2.
Model 3 was the same as model 2 with addition of the following potential mediating
variables: waist circumference, fat percentage, physical activity, regular alcohol
consumption, regular active smoking, regular passive smoking, consumption of fresh
fruit, vegetable and fish, history of heart disease, stroke and cancer, SBP, and DBP.
The potential mediating variables were selected based on prior knowledge of
underlying mechanisms linking SES and diabetes (Robbins et al., 2001, Williams et
al., 2010). There was no evidence of serious multicollinearity in all models (all
values of variance inflation factor less than 10). Figure 15 shows the confounders
and potential mediating variables between SES and prevalent diabetes in CKB. To
describe the association between educational level and awareness of diabetes, I
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adjusted for age at baseline (continuous), study areas, family history of diabetes, and
household income. For the association between household income and awareness of
diabetes, I built the similar model but further adjusted for educational level and
household size. I used likelihood ratio tests to assess multiplicative interactions
between SES and age, residence, geographic areas, and educational level or
household income for the other measure of SES affecting diabetes prevalence.
Additional sensitivity analyses were performed for the association between SES and
total diabetes prevalence after excluding individuals with any heart disease, stroke, or
cancer at baseline to reduce potential reverse causality. I performed all analyses using
R software (version 3.3.2).
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Confounders
Age at baseline, ten study areas, family
history of diabetes, and educational level or
household income (as appropriate), and
household size (for household income)

Potential mediating variables
SES
Educational level and
household income

BMI, waist circumference, fat percentage,
physical activity, regular alcohol
consumption, regular active smoking, regular
passive smoking, consumption of fresh fruit,
vegetable and fish, history of heart disease,
stroke and cancer, SBP and DBP

Prevalent/incident diabetes

Figure 15. Confounders and potential mediating variables between SES and prevalent/incident diabetes in CKB
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5.3 Results
5.3.1 Characteristics of CKB participants included for crosssectional analyses
Among 510219 participants included for cross-sectional analyses, 59.0% (n=300867)
were women (Table 40). The mean (SD) age was 52.3 (10.9) years for men and 50.9
(10.5) years for women. Higher proportions of men than women received college or
above education (7.9% vs. 4.5%), or were in the highest household income group
(20.3% vs. 16.5%), and lower proportions of men than women received no formal
education (8.9% vs. 25.2%) or were in the lowest household income group (26.0% vs
29.7%). Both men and women with the highest compared to those of the lowest
educational level were younger, more likely to live in urban areas and be from
Northeast China, regularly consume alcohol, fresh fruit, vegetable and fish, and
report personal history of heart diseases and family history of diabetes. However,
men and women with the highest compared to those of the lowest educational level
were less likely to report being regular active smokers, have high systolic and
diastolic blood pressure or engaging in less daily physical activity (Table 41 and
Table 42). Men with higher educational level were more likely to be overweight or
obese, and had higher mean BMI, waist circumference and fat percentage than those
with lower educational level (Table 41). The patterns of covariates with household
income were generally similar to those for educational level (Table 43). However, the
absolute differences in BMI, waist circumference and fat percentage by SES in
women were very small, with values slightly higher in both middle educational level
and household income groups (Table 42 and Table 44).
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Table 40. Sex specific characteristics of CKB participants included in the crosssectional study of the association between SES and diabetes prevalence
Variable

Men (n=209352)

Women (n=300867)

All (n=510219)

Age (yr)

52.3 (10.9)

50.9 (10.5)

51.5 (10.7)

90936 (43.4)

133913 (44.5)

224849 (44.1)

Eastern

72531 (34.6)

102692 (34.1)

175233 (34.3)

Northeastern

23170 (11.1)

34164 (11.4)

57334 (11.2)

Central

54038 (25.8)

68757 (22.9)

122795 (24.1)

Western

59613 (28.5)

95254 (31.7)

154867 (30.4)

18529 (8.9)

75834 (25.2)

94363 (18.5)

Urban residence
Geographic area

Educational level
No formal school
Primary school

69769 (33.3)

94571 (31.4)

164340 (32.2)

Middle or high school

104569 (49.9)

117037 (38.9)

221606 (43.4)

16485 (7.9)

13425 (4.5)

29910 (5.9)

<10000

54386 (26.0)

89437 (29.7)

143823 (28.2)

10000-19999

59335 (28.3)

88959 (29.6)

148294 (29.1)

20000-34999

53229 (25.4)

72911 (24.2)

126140 (24.7)

≥35000

42402 (20.3)

49560 (16.5)

91962 (18.0)

93142 (44.5)

11738 (3.9)

104880 (20.6)

Active

127862 (61.1)

7103 (2.4)

134965 (26.5)

Passive

116683 (55.7)

156950 (52.2)

273633 (53.6)

Fresh fruit

48237 (23.0)

95693 (31.8)

143930 (28.2)

Fresh vegetable

205726 (98.3)

295846 (98.3)

501572 (98.3)

19820 (9.5)

25499 (8.5)

45319 (8.9)

Heart disease

5683 (2.7)

9654 (3.2)

15337 (3.0)

Stroke

4873 (2.3)

3926 (1.3)

8799 (1.7)

Cancer

963 (0.46)

1599 (0.53)

2562 (0.50)

College or above
Household income (yuan/year)

Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

9894 (4.7)

15130 (5.0)

25024 (4.9)

(kg/m2)

23.4 (3.2)

23.8 (3.4)

23.7 (3.4)

<24 (normal)

122143 (58.3)

164643 (54.7)

286786 (56.2)

24-28 (overweight)

68628 (32.8)

100927 (33.5)

169555 (33.2)

≥28 (obese)

18581 (8.9)

35297 (11.7)

53878 (10.6)

Physical activity (Met-h/d)

22.0 (15.3)

20.4 (12.8)

21.1 (13.9)

Systolic blood pressure (mm Hg)

132.8 (20.0)

129.8 (21.9)

131.1 (21.2)

Diastolic blood pressure (mm Hg)

79.2 (11.3)

76.8 (10.9)

77.8 (11.1)

Waist circumference (cm)

82.0 (9.7)

79.1 (9.5)

80.3 (9.7)

Fat (%)

22.0 (6.2)

32.1 (7.1)

30.0 (8.4)

BMI

BMI: body mass index. Values are shown as n (%) or mean (SD).

171

Table 41. Characteristics of men from CKB included in the cross-sectional study
of diabetes prevalence by educational level
Variable

Highest educational level attained
No formal

Primary

Middle or

College or

school

school

high school

above

(n=18529)

(n=69769)

(n=104569)

(n=16485)

60.3 (9.9)

55.9 (10.1)

48.8 (9.8)

50.8 (12.3)

3576 (19.3)

17882 (25.6)

55058 (52.7)

14420 (87.5)

9483 (51.2)

23220 (33.3)

34938 (33.4)

4890 (29.7)

Northeastern

310 (1.7)

1757 (2.5)

14671 (14.0)

6432 (39.0)

Central

1834 (9.9)

23619 (33.9)

27708 (26.5)

877 (5.3)

Western

6902 (37.2)

21173 (30.3)

27252 (26.1)

4286 (26.0)

<10000

8805 (47.5)

24475 (35.1)

20711 (19.8)

395 (2.4)

10000-19999

3529 (19.0)

19974 (28.6)

33507 (32.0)

2325 (14.1)

20000-34999

3534 (19.1)

14756 (21.1)

29664 (28.4)

5275 (32.0)

≥35000

2661 (14.4)

10564 (15.1)

20687 (19.8)

8490 (51.5)

6470 (34.9)

29160 (41.8)

49536 (47.7)

7976 (48.4)

Active

11939 (64.4)

45200 (64.8)

64103 (61.3)

6620 (40.2)

Passive

8654 (46.7)

39002 (55.9)

61270 (58.6)

7757 (47.1)

Fresh fruit

2204 (11.9)

9734 (14.0)

27623 (26.4)

8676 (52.6)

Fresh vegetable

17683 (95.4)

68612 (98.3)

103070 (98.6)

16361 (99.2)

914 (4.9)

4450 (6.4)

11787 (11.3)

2669 (16.2)

Heart disease

376 (2.0)

1807 (2.6)

2575 (2.5)

925 (5.6)

Stroke

465 (2.5)

1671 (2.4)

2230 (2.1)

507 (3.1)

Cancer

98 (0.53)

385 (0.55)

383 (0.37)

97 (0.59)

Age (yr)
Urban residence
Geographic area
Eastern

Household income (yuan/year)

Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

239 (1.3)

1512 (2.2)

6646 (6.4)

1497 (9.1)

(kg/m2)

22.3 (3.0)

22.9 (3.1)

23.8 (3.2)

24.7 (3.1)

<24 (normal)

13571 (73.2)

46172 (66.2)

55788 (53.4)

6612 (40.1)

24-28 (overweight)

4158 (22.4)

19200 (27.5)

37714 (36.1)

7556 (45.8)

800 (4.3)

4397 (6.3)

11067 (10.6)

2317 (14.1)

Physical activity (Met-h/d)

23.7 (16.3)

22.2 (16.0)

22.6 (15.1)

15.6 (9.2)

Systolic blood pressure (mm Hg)

138.5 (22.5)

134.7 (20.8)

131.0 (18.9)

130.0 (18.3)

Diastolic blood pressure (mm Hg)

79.8 (11.5)

78.9 (11.3)

79.3 (11.4)

79.0 (11.0)

Waist circumference (cm)

78.0 (9.2)

80.0 (9.5)

83.4 (9.6)

86.6 (8.9)

Fat (%)

19.4 (6.0)

20.8 (6.0)

22.9 (6.1)

24.2 (5.7)

BMI

≥28 (obese)

BMI: body mass index. Values are shown as n (%) or mean (SD), p value was <0.0001 for all comparisons.
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Table 42. Characteristics of women from CKB included in the cross-sectional
study of diabetes prevalence by educational level
Variable

Highest educational level attained
No formal

Primary school

Middle or high

College or

school

(n=94571)

school

above

(n=117037)

(n=13425)

(n=75834)
Age (yr)

56.8 (10.1)

51.8 (10.2)

46.8 (8.8)

46.7 (10.4)

22989 (30.3)

27116 (28.7)

71455 (61.1)

12353 (92.0)

37921 (50.0)

26628 (28.2)

34946 (29.9)

3197 (23.8)

Northeastern

2077 (2.7)

3966 (4.2)

21586 (18.4)

6535 (48.7)

Central

9432 (12.4)

33748 (35.7)

25158 (21.5)

419 (3.1)

Western

26404 (34.8)

30229 (32.0)

35347 (30.2)

3274 (24.4)

<10000

33431 (44.1)

32203 (34.1)

23518 (20.1)

285 (2.1)

10000-19999

16863 (22.2)

30735 (32.5)

39664 (33.9)

1697 (12.6)

20000-34999

14508 (19.1)

20512 (21.7)

33381 (28.5)

4510 (33.6)

≥35000

11032 (14.5)

11121 (11.8)

20474 (17.5)

6933 (51.6)

2103 (2.8)

3350 (3.5)

5090 (4.3)

1195 (8.9)

Active

2350 (3.1)

2881 (3.0)

1771 (1.5)

101 (0.75)

Passive

35008 (46.2)

53180 (56.2)

63122 (53.9)

5640 (42.0)

Fresh fruit

11671 (15.4)

19844 (21.0)

53624 (45.8)

10554 (78.6)

Fresh vegetable

73113 (96.4)

93316 (98.7)

116065 (99.2)

13352 (99.5)

4797 (6.3)

6119 (6.5)

12778 (10.9)

1805 (13.4)

Heart disease

1994 (2.6)

3108 (3.3)

3820 (3.3)

732 (5.5)

Stroke

1030 (1.4)

1347 (1.4)

1364 (1.2)

185 (1.4)

Cancer

348 (0.46)

519 (0.55)

615 (0.53)

117 (0.87)

Urban residence
Geographic area
Eastern

Household income (yuan/year)

Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

1298 (1.7)

2655 (2.8)

9312 (8.0)

1865 (13.9)

(kg/m2)

23.7 (3.5)

23.9 (3.5)

23.9 (3.3)

23.3 (3.1)

<24 (normal)

42260 (55.7)

50864 (53.8)

63204 (54.0)

8315 (61.9)

24-28 (overweight)

24695 (32.6)

31906 (33.7)

40273 (34.4)

4053 (30.2)

≥28 (obese)

8879 (11.7)

11801 (12.5)

13560 (11.6)

1057 (7.9)

Physical activity (Met-h/d)

21.9 (13.7)

20.2 (12.9)

20.0 (12.3)

17.9 (8.0)

Systolic blood pressure (mm Hg)

137.8 (23.4)

132.0 (21.7)

124.3 (19.2)

117.8 (18.1)

Diastolic blood pressure (mm Hg)

78.5 (11.1)

77.2 (10.8)

75.7 (10.6)

73.1 (10.2)

Waist circumference (cm)

79.6 (10.1)

79.7 (9.7)

78.5 (8.9)

76.7 (8.3)

Fat (%)

31.7 (7.5)

32.4 (7.3)

32.2 (6.7)

31.0 (6.2)

BMI

BMI: body mass index. Values are shown as n (%) or mean (SD); p value was <0.0001 for all comparisons.
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Table 43. Characteristics of men from CKB included for cross-sectional study of
diabetes prevalence by household income
Variable

Household income
<10000

10000-19999

20000-34999

≥35000

(n=54386)

(n=95335)

(n=53229)

(n=42402)

Age (yr)

54.3 (11.4)

52.3 (10.9)

51.5 (10.5)

50.9 (10.4)

Urban residence

9667 (17.8)

25099 (42.3)

29982 (56.3)

26188 (61.8)

Eastern

6817 (12.5)

14126 (23.8)

25842 (48.5)

25746 (60.7)

Northeastern

2140 (3.9)

7589 (12.8)

7651 (14.4)

5790 (13.7)

Central

15990 (29.4)

20728 (34.9)

11748 (22.1)

5572 (13.1)

Western

29439 (54.1)

16892 (28.5)

7988 (15.0)

5294 (12.5)

No formal school

8805 (16.2)

3529 (5.9)

3534 (6.6)

2661 (6.3)

Primary school

24475 (45.0)

19974 (33.7)

14756 (27.7)

10564 (24.9)

Middle or high school

20711 (38.1)

33507 (56.5)

29664 (55.7)

20687 (48.8)

395 (0.73)

2325 (3.9)

5275 (9.9)

8490 (20.0)

19831 (36.5)

26617 (44.9)

25589 (48.1)

21105 (49.8)

Active

35132 (64.6)

35703 (60.2)

31827 (59.8)

25200 (59.4)

Passive

27528 (50.6)

33220 (56.0)

30571 (57.4)

25364 (59.8)

Fresh fruit

6195 (11.4)

12532 (21.1)

15087 (28.3)

14423 (34.0)

Fresh vegetable

52195 (96.0)

58642 (98.8)

52794 (99.2)

42095 (99.3)

1910 (3.5)

4497 (7.6)

6288 (11.8)

7125 (16.8)

Heart disease

1088 (2.0)

1826 (3.1)

1615 (3.0)

1154 (2.7)

Stroke

1403 (2.6)

1583 (2.7)

1155 (2.2)

732 (1.7)

Cancer

295 (0.54)

262 (0.44)

220 (0.41)

186 (0.44)

Geographic area

Highest educational level

College or above
Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

1432 (2.6)

2740 (4.6)

3089 (5.8)

2633 (6.2)

(kg/m2)

22.5 (3.1)

23.4 (3.2)

23.8 (3.2)

24.2 (3.2)

<24 (normal)

38331 (70.5)

34774 (58.6)

28559 (53.7)

20479 (48.3)

24-28 (overweight)

13239 (24.3)

19174 (32.3)

19291 (36.2)

16924 (39.9)

2816 (5.2)

5387 (9.1)

5379 (10.1)

4999 (11.8)

Physical activity (Met-h/d)

21.8 (16.1)

21.2 (15.6)

23.0 (14.8)

22.4 (14.2)

Systolic blood pressure (mm Hg)

133.6 (21.3)

132.4 (19.9)

132.7 (19.5)

132.4 (19.0)

Diastolic blood pressure (mm Hg)

78.5 (11.4)

78.8 (11.4)

79.6 (11.3)

80.1 (11.1)

Waist circumference (cm)

79.3 (9.1)

82.1 (9.8)

83.0 (9.8)

84.1 (9.7)

Fat (%)

20.1 (6.0)

21.9 (6.1)

22.7 (6.1)

23.6 (6.1)

BMI

≥28 (obese)

BMI: body mass index. Values are shown as n (%) or mean (SD); p value was <0.0001 for all comparisons.
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Table 44. Characteristics of women from CKB included for cross-sectional study
of diabetes prevalence by household income
Variable

Household income
<10000

10000-19999

20000-34999

≥35000

(n=89437)

(n=88959)

(n=72911)

(n=49560)

52.1 (11.4)

50.7 (10.3)

50.2 (9.8)

50.3 (9.8)

20785 (23.2)

40652 (45.7)

41616 (57.1)

30860 (62.3)

12715 (14.2)

22380 (25.2)

36401 (49.9)

31196 (62.9)

5134 (5.7)

11671 (13.1)

10286 (14.1)

7073 (14.3)

Central

19976 (22.3)

28145 (31.6)

14898 (20.4)

5738 (11.6)

Western

51612 (57.7)

26763 (30.1)

11326 (15.5)

5553 (11.2)

No formal school

33431 (37.4)

16863 (19.0)

14508 (19.9)

11032 (22.3)

Primary school

32203 (36.0)

30735 (34.5)

20512 (28.1)

11121 (22.4)

Middle or high school

23518 (26.3)

39664 (44.6)

33381 (45.8)

20474 (41.3)

285 (0.32)

1697 (1.9)

4510 (6.2)

6933 (14.0)

3431 (3.8)

3236 (3.6)

2820 (3.9)

2251 (4.5)

Active

3547 (4.0)

2076 (2.3)

964 (1.3)

516 (1.0)

Passive

47484 (53.1)

47900 (53.8)

37112 (50.9)

24454 (49.3)

Fresh fruit

14836 (16.6)

27977 (31.4)

29203 (40.1)

23677 (47.8)

Fresh vegetable

85899 (96.0)

88201 (99.1)

72431 (99.3)

49315 (99.5)

3335 (3.7)

6577 (7.4)

7688 (10.5)

7899 (15.9)

Heart disease

2367 (2.6)

3235 (3.6)

2453 (3.4)

1599 (3.2)

Stroke

1208 (1.4)

1326 (1.5)

855 (1.2)

537 (1.1)

Cancer

444 (0.50)

508 (0.57)

405 (0.56)

242 (0.49)

Age (yr)
Urban residence
Geographic area
Eastern
Northeastern

Highest educational level

College or above
Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

2574 (2.9)

4527 (5.1)

4573 (6.3)

3456 (7.0)

(kg/m2)

23.6 (3.5)

24.0 (3.5)

23.8 (3.4)

23.8 (3.3)

<24 (normal)

50967 (57.0)

46686 (52.5)

39977 (54.8)

27013 (54.5)

24-28 (overweight)

28368 (31.7)

30649 (34.5)

24772 (34.0)

17138 (34.6)

≥28 (obese)

10102 (11.3)

11624 (13.1)

8162 (11.2)

5409 (10.9)

Physical activity (Met-h/d)

20.4 (12.4)

19.0 (12.2)

21.5 (13.4)

21.6 (13.1)

Systolic blood pressure (mm Hg)

132.0 (22.9)

129.4 (21.8)

129.0 (21.3)

128.1 (20.9)

Diastolic blood pressure (mm Hg)

76.9 (11.2)

76.6 (10.9)

76.8 (10.7)

76.6 (10.5)

Waist circumference (cm)

78.9 (9.7)

79.5 (9.7)

78.8 (92.5)

78.8 (89.2)

Fat (%)

31.7 (7.3)

32.5 (7.1)

32.1 (6.9)

32.2 (6.7)

BMI

BMI: body mass index. Values are shown as n (%) or mean (SD); p value was <0.0001 for all comparisons.
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5.3.2 Associations between SES and prevalence of diabetes
Overall, 11616 men and 18450 women had diabetes, of whom 47.6% of men
(n=5526) and 46.1% of women (n=8505) had screen-detected diabetes. The
prevalence of self-reported diabetes was 2.9% (95% CI: 2.8%, 3.0%) for men and
3.3% (95% CI: 3.2%, 3.4%) for women, and screen-detected diabetes was identified
in an additional 2.6% (95% CI: 2.5%, 2.7%) of men and 2.8% (95% CI: 2.8%, 2.9%)
of women. The age-standardised prevalence of self-reported diabetes, screendetected diabetes and total diabetes increased with higher educational level and
household income in men (Table 45). The age-standardised prevalence of selfreported diabetes also increased with higher educational level and household income
in women (Table 46). However, there was no clear association between educational
level or household income and prevalence of screen-detected diabetes and total
diabetes in women (Table 46). Table 47 shows the age-standardised prevalence of
self-reported, screen-detected and total diabetes according composite measure of
educational level and household income. Absolute risk of prevalence of self-reported,
screen-detected and total diabetes was highest in men and women with high
educational level regardless of household income.

After adjustment for age at baseline, study areas, family history of diabetes and
household income, educational level was positively associated with self-reported
diabetes prevalence in men (Table 48) but a non-significant inverse association was
observed in women (Table 49). Educational level was inversely associated with
screen-detected diabetes prevalence in both men (Table 48) and women (Table 49). A
sex difference in the association between educational level and total diabetes
prevalence was observed. There was a positive association between educational level
and total diabetes prevalence in men (Table 48), while there was an inverse
association between educational level and total diabetes prevalence in women (Table
49). The association between household income and prevalent diabetes was
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consistent in men and women. Household income was positively associated with
self-reported, screen-detected, and total diabetes prevalence in both men and women,
after adjustment for age at baseline, study areas, family history of diabetes,
educational level and household size (Table 50 and Table 51). After further
adjustment for BMI, all the associations of educational level and household income
with self-reported, screen-detected and total diabetes prevalence were attenuated
(Table 48, Table 49, Table 50 and Table 51). Further adjustment for other potential
mediating variables slightly reduced these associations. For the composite SES
measure, the adjusted odds of prevalent diabetes compared to the groups with low
educational level and low household income was highest in men who had high
educational level and high household income, and in women who had low
educational level and high income (Table 52).

In sensitivity analyses, exclusion of 10893 men and 14400 women with either heart
disease, stroke or cancer at baseline had no effect on the associations of SES with
prevalent total diabetes (Table 53).

5.3.3 Associations between SES and awareness of diabetes
Among the participants with diabetes, 52.4% (95% CI: 51.5%, 53.3%) of men and
53.9% (95% CI: 53.2%, 54.6%) of women were aware that they had diabetes. The
awareness of diabetes increased with increasing educational level and household
income in both men and women (and the proportions of diabetes that was screendetected was inversely associated with both measures of SES) (Table 45 and Table
46). In multivariable logistics regression models, both educational level and
household income were positively associated with awareness of diabetes in both men
and women (Table 54 and Table 55).
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5.3.4 Results from interaction analyses
Interaction analyses showed that in men both the positive association between
educational level and prevalent total diabetes, and positive association between
household income and prevalent total diabetes were less pronounced in younger
populations and in urban areas (Figure 16 and Figure 17). The inverse association
between educational level and prevalent total diabetes in women was more
pronounced in younger populations (Figure 16). In addition, in women, the positive
association between household income and prevalent total diabetes was less
pronounced in urban areas, and became inverse in young women aged 30-49 years,
and in those having educational levels of middle school or above.
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Table 45. Age-standardised* (95% CIs) self-reported, screen-detected and total diabetes prevalence according to educational level
and household income in men in CKB (n=209352)
Socioeconomic status

No. of
participants

Self-reported diabetes

Screen-detected diabetes

Total diabetes

No. of

Age-standardised

No. of

Age-standardised

No. of

Age-standardised

participants

prevalence (%)

participants

prevalence (%)

participants

prevalence (%)

Awareness (%)

Educational level
No formal school

18529

376

1.5 (1.3, 1.8)

487

2.0 (1.8, 2.3)

863

3.6 (3.2, 3.9)

43.6 (40.3, 46.9)

Primary school

69769

1727

2.1 (2.0, 2.2)

1717

2.2 (2.1, 2.3)

3444

4.2 (4.1, 4.4)

50.1 (48.5, 51.8)

104569

3145

3.9 (3.7, 4.0)

2805

3.1 (2.9, 3.2)

5950

6.9 (6.7,7.1)

52.9 (51.6, 54.1)

16485

842

5.7 (5.3, 6.1)

517

3.4 (3.1, 3.7)

1359

9.0 (8.5, 9.5)

62.0 (59.3, 64.5)

<10000

54386

1033

1.7 (1.6, 1.9)

1199

2.0 (1.9, 2.2)

2232

3.7 (3.6, 3.8)

46.3 (44.2, 48.3)

10000-19999

59335

1830

2.8 (2.7, 3.1)

1570

2.5 (2.4, 2.7)

3400

5.3 (5.4, 5.5)

53.8 (52.1, 55.5)

20000-34999

53229

1746

3.2 (3.0, 3.3)

1492

2.8 (2.6, 2.9)

3238

6.0 (5.9, 6.1)

53.9 (52.2, 55.6)

≥35000

42402

1481

3.5 (3.3, 3.7)

1265

3.0 (2.8, 3.2)

2746

6.5 (6.4, 6.7)

53.9 (52.1, 55.8)

Middle or high
school
College or above
Household income

*age-standardised prevalence according to total population of CKB (5-year age group).
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Table 46. Age-standardised* prevalence (95% CIs) of self-reported, screen-detected and total diabetes according to educational
level and household income in women in CKB (n=300867)
Socioeconomic status

No. of
participants

Self-reported diabetes

Screen-detected diabetes

Total diabetes

No. of

Age-standardised

No. of

Age-standardised

No. of

Age-standardised

participants

prevalence (%)

participants

prevalence (%)

participants

prevalence (%)

Awareness (%)

Educational level
No formal school

75834

2826

2.6 (2.5, 2.7)

2697

2.9 (2.8, 3.0)

5523

5.5 (5.3, 5.6)

51.2 (49.8, 52.5)

Primary school

94571

3352

3.3 (3.2, 3.4)

2878

2.9 (2.8, 3.0)

6230

6.2 (6.0, 6.3)

53.8 (52.6, 55.0)

117037

3337

4.5 (4.4, 4.7)

2696

2.9 (2.8, 3.1)

6033

7.5 (7.2, 7.7)

55.3 (54.1, 56.6)

13425

430

4.6 (4.2, 5.1)

234

2.4 (2.1, 2.7)

664

7.0 (6.4, 7.5)

64.8 (61.1, 68.3)

<10000

89437

2564

2.8 (2.7, 3.0)

2473

2.7 (2.6, 2.9)

5037

5.4 (5.3, 5.5)

50.9 (49.5, 52.3)

10000-19999

88959

3138

3.6 (3.5, 3.8)

2664

3.0 (2.9, 3.2)

5802

6.7 (6.5, 6.8)

54.1 (52.8, 55.4)

20000-34999

72911

2507

3.7 (3.6, 3.9)

2037

2.9 (2.8, 3.0)

4544

6.6 (6.4,6.8)

55.2 (53.7, 56.6)

≥35000

49560

1736

3.7 (3.6, 3.9)

1331

2.8 (2.6, 2.9)

3067

6.5 (6.3, 6.7)

56.6 (54.8, 58.3)

Middle or high
school
College or above
Household income

*age-standardised prevalence according to total population of CKB (5-year age group).
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Table 47. Age-standardised* prevalence (95% CIs) of self-reported, screen-detected and total diabetes according to composite
measure of SES in men and women in CKB
Socioeconomic status

No. of
participants

Self-reported diabetes

Screen-detected diabetes

Total diabetes

No. of

Age-standardised

No. of

Age-standardised

No. of

Age-standardised

participants

prevalence (%)

participants

prevalence (%)

participants

prevalence (%)

Awareness (%)

Men
Low education and low income

56783

1284

1.7 (1.7, 1.8)

1424

2.1 (2.1, 2.2)

2708

3.9 (3.8, 3.9)

47.4 (45.5, 49.2)

Low education and high income

31515

819

2.2 (2.2, 2.3)

780

2.2 (2.2, 2.3)

1599

4.5 (4.4, 4.6)

51.2 (48.8, 53.7)

High education and low income

56938

1579

3.5 (3.4, 3.5)

1345

2.7 (2.6, 2.7)

2924

6.2 (6.1, 6.3)

54.0 (52.2, 55.8)

High education and high income

64116

2408

4.7 (4.6, 4.8)

1977

3.5 (3.4, 3.6)

4385

8.2 (8.1, 8.3)

54.9 (53.4, 56.4)

Low education and low income

113232

4018

2.7 (2.7, 2.8)

3668

2.8 (2.7, 2.9)

7686

5.5 (5.5, 5.6)

52.3 (51.2, 53.4)

Low education and high income

57173

2160

3.3 (3.2, 3.4)

1907

3.0 (3.0, 3.1)

4067

6.3 (6.2, 6.4)

53.1 (51.6, 54.6)

High education and low income

65164

1684

4.5 (4.4, 4.6)

1469

3.1 (3.0, 3.1)

3153

7.6 (7.5, 7.7)

53.4 (51.7, 55.2)

High education and high income

65298

2083

4.6 (4.5, 4.6)

1461

2.7 (2.6, 2.8)

3544

7.3 (7.2, 7.4)

58.8 (57.2, 60.4)

Women

*age-standardised prevalence according to total population of CKB (5-year age group).
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Table 48. Adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to educational level with
comparison to the no formal school group in men in CKB (n=209352)
Diabetes

Educational level (reference group: no formal school)
Primary school

p value

Middle or high school

p value

College or above

p value

Model 1

1.47 (1.30, 1.65)

<0.0001

1.74 (1.54, 1.97)

<0.0001

1.70 (1.47, 1.97)

<0.0001

Model 2

1.42 (1.26, 1.60)

<0.0001

1.66 (1.47, 1.88)

<0.0001

1.62 (1.40, 1.87)

<0.0001

Model 3

1.41 (1.25, 1.60)

<0.0001

1.67 (1.47, 1.89)

<0.0001

1.62 (1.41, 1.88)

<0.0001

Model 1

1.07 (0.96, 1.19)

0.22

1.05 (0.94, 1.18)

0.37

0.80 (0.69, 0.93)

0.0031

Model 2

1.02 (0.92, 1.140

0.71

0.99 (0.89, 1.11)

0.88

0.75 (0.64, 0.86)

0.0001

Model 3

1.02 (0.92, 1.14)

0.73

0.99 (0.88, 1.11)

0.84

0.80 (0.69, 0.93)

0.0046

Model 1

1.26 (1.17, 1.37)

<0.0001

1.38 (1.27, 1.51)

<0.0001

1.21 (1.09, 1.35)

0.0003

Model 2

1.21 (1.12, 1.31)

<0.0001

1.31 (1.20, 1.42)

<0.0001

1.13 (1.02, 1.26)

0.019

Model 3

1.19 (1.10, 1.29)

<0.0001

1.26 (1.15, 1.37)

<0.0001

1.13 (1.02, 1.26)

0.024

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: adjusted for age, study areas, family history of diabetes and household income.
Model 2: Model 1 + BMI.
Model 3: Model 2 + waist circumference, fat percentage, physical activity, regular alcohol consumption, active smoking, passive smoking, regular consumption of fresh fish, regular
consumption of fresh vegetable, regular consumption of fresh fruit, history of heart disease, history of stroke, history of cancer, SBP and DBP.
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Table 49. Adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to educational level with
comparison to the no formal school group in women in CKB (n=300867)
Diabetes

Educational level (reference group: no formal school)
Primary school

p value

Middle or high school

p value

College or above

p value

Model 1

1.29 (1.22, 1.37)

<0.0001

1.15 (1.08, 1.24)

<0.0001

0.92 (0.81, 1.04)

0.19

Model 2

1.27 (1.19, 1.34)

<0.0001

1.17 (1.09, 1.25)

<0.0001

0.90 (0.86, 1.10)

0.65

Model 3

1.28 (1.19, 1.35)

<0.0001

1.18 (1.10, 1.25)

<0.0001

0.97 (0.88, 1.07)

0.27

Model 1

1.05 (0.99, 1.12)

0.093

0.81 (0.75, 0.87)

<0.0001

0.50 (0.43, 0.58)

<0.0001

Model 2

1.03 (0.97, 1.09)

0.36

0.84 (0.78, 0.91)

<0.0001

0.57 (0.49, 0.67)

<0.0001

Model 3

1.04 (0.97, 1.10)

0.27

0.91 (0.85, 0.98)

0.014

0.68 (0.58, 0.79)

<0.0001

Model 1

1.19 (1.14, 1.24)

<0.0001

0.97 (0.92, 1.03)

0.32

0.69 (0.63, 0.76)

<0.0001

Model 2

1.16 (1.11, 1.21)

<0.0001

1.00 (0.95, 1.05)

0.90

0.76 (0.69, 0.84)

<0.0001

Model 3

1.16 (1.11, 1.22)

<0.0001

1.11 (1.05, 1.17)

0.0001

0.96 (0.87, 1.06)

0.39

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: adjusted for age, study areas, family history of diabetes and household income.
Model 2: Model 1 + BMI.
Model 3: Model 2 + waist circumference, fat percentage, physical activity, regular alcohol consumption, active smoking, passive smoking, regular consumption of fresh fish, regular
consumption of fresh vegetable, regular consumption of fresh fruit, history of heart disease, history of stroke, history of cancer, SBP and DBP.
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Table 50. Adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to household income with
comparison to the lowest group in men in CKB (n=209352)
Diabetes

Household income (reference group: <10000)
10000-19999

p value

20000-34999

p value

≥35000

p value

Model 1

1.28 (1.17, 1.40)

<0.0001

1.32 (1.20, 1.45)

<0.0001

1.49 (1.34, 1.66)

<0.0001

Model 2

1.21 (1.11, 1.32)

<0.0001

1.26 (1.11, 1.35)

<0.0001

1.34 (1.20, 1.49)

<0.0001

Model 3

1.20 (1.11, 1.33)

<0.0001

1.24 (1.14, 1.35)

<0.0001

1.32 (1.18, 1.45)

<0.0001

Model 1

1.11 (1.02, 1.21)

0.018

1.17 (1.07, 1.29)

0.0012

1.35 (1.21, 1.50)

<0.0001

Model 2

1.03 (0.95, 1.13)

0.45

1.07 (0.97, 1.18)

0.17

1.17 (1.05, 1.31)

0.0036

Model 3

1.02 (0.95, 1.13)

0.48

1.06 (0.96, 1.16)

0.25

1.14 (1.03, 1.27)

0.024

Model 1

1.21 (1.13, 1.28)

<0.0001

1.26 (1.18, 1.35)

<0.0001

1.45 (1.34, 1.56)

<0.0001

Model 2

1.13 (1.06, 1.20)

0.0001

1.16 (1.08, 1.24)

<0.0001

1.27 (1.18, 1.37)

<0.0001

Model 3

1.14 (1.07, 1.21)

<0.0001

1.18 (1.10, 1.26)

<0.0001

1.27 (1.17, 1.37)

<0.0001

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: adjusted for age, study areas, family history of diabetes, educational level, and household size.
Model 2: Model 1 + BMI.
Model 3: Model 2 + waist circumference, fat percentage, physical activity, regular alcohol consumption, active smoking, passive smoking, regular consumption of fresh fish, regular
consumption of fresh vegetable, regular consumption of fresh fruit, history of heart disease, history of stroke, history of cancer, SBP and DBP.
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Table 51. Adjusted odds ratios (95% CIs) for prevalence of different components of diabetes according to household income with
comparison to the lowest group in women in CKB (n=300867)
Diabetes

Household income (reference group: <10000)
10000-19999

p value

20000-34999

p value

≥35000

p value

Model 1

1.16 (1.09, 1.23)

<0.0001

1.19 (1.11, 1.27)

<0.0001

1.30 (1.20, 1.41)

<0.0001

Model 2

1.12 (1.06, 1.19)

0.0002

1.15 (1.07, 1.24)

<0.0001

1.24 (1.14, 1.35)

<0.0001

Model 3

1.10 (1.00, 1.18)

0.025

1.14 (1.07, 1.21)

<0.0001

1.25 (1.15, 1.37)

<0.0001

Model 1

1.14 (1.08, 1.22)

<0.0001

1.15 (1.06, 1.24)

0.0003

1.18 (1.08, 1.29)

0.0002

Model 2

1.10 (1.03, 1.17)

0.0037

1.10 (1.02, 1.18)

0.015

1.09 (1.00, 1.19)

0.055

Model 3

1.09 (1.02, 1.16)

0.0071

1.09 (1.02, 1.17)

0.016

1.09 (1.00, 1.18)

0.048

Model 1

1.16 (1.11, 1.22)

<0.0001

1.18 (1.12, 1.24)

<0.0001

1.26 (1.19, 1.34)

<0.0001

Model 2

1.12 (1.07, 1.17)

<0.0001

1.14 (1.08, 1.20)

<0.0001

1.18 (1.11, 1.26)

<0.0001

Model 3

1.14 (1.09, 1.19)

<0.0001

1.19 (1.13, 1.25)

<0.0001

1.27 (1.19, 1.35)

<0.0001

Self-reported diabetes

Screen-detected diabetes

Total diabetes

Mode l: adjusted for age, study areas, family history of diabetes, educational level and household size.
Model 2: Model 1 + BMI.
Model 3: Model 2 + waist circumference, fat percentage, physical activity, regular alcohol consumption, active smoking, passive smoking, regular consumption of fresh fish, regular
consumption of fresh vegetable, regular consumption of fresh fruit, history of heart disease, history of stroke, history of cancer, SBP and DBP.
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Table 52. Adjusted odds ratios (95% CIs) for total diabetes prevalence according to composite measure of educational level and
household income for each sex
Socioeconomic status

Model 1
OR

Model 2

p value

Model 3

p value

OR

OR

p value

Men
Low education and low income

1

Low education and high income

1.19 (1.10, 1.28)

<0.0001

1.11 (1.03, 1.19)

0.0085

1.14 (1.05, 1.23)

0.0010

High education and low income

1.17 (1.10, 1.24)

<0.0001

1.12 (1.06, 1.20)

0.0002

1.14 (1.07, 1.22)

<0.0001

High education and high income

1.30 (1.22, 1.38)

<0.0001

1.19 (1.12, 1.26)

<0.0001

1.26 (1.18, 1.34)

<0.0001

1

1

Women
Low education and low income

1

Low education and high income

1.22 (1.16, 1.28)

<0.0001

1.17 (1.12, 1.23)

<0.0001

1.23 (1.17, 1.30)

<0.0001

High education and low income

0.96 (0.91, 1.00)

0.074

0.98 (0.93, 1.03)

0.40

1.11 (1.05, 1.17)

0.0001

High education and high income

0.88 (0.84, 0.93)

<0.0001

0.91 (0.86, 0.96)

<0.0001

1.15 (1.09, 1.21)

<0.0001

1

1

Mode l: adjusted for age, study areas, family history of diabetes, educational level and household size.
Model 2: Model 1 + BMI.
Model 3: Model 2 + waist circumference, fat percentage, physical activity, regular alcohol consumption, active smoking, passive smoking, regular consumption of fresh fish, regular
consumption of fresh vegetable, regular consumption of fresh fruit, history of heart disease, history of stroke, history of cancer, SBP and DBP.
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Table 53. Adjusted odds ratios (95% CIs) for total diabetes prevalence according to educational level and household income in men
and women without any heart disease, stroke or cancer at baseline
Socioeconomic status

Men
OR (95% CI)

Women
p value

OR (95% CI)

P value

Educational level
No formal school

1

1

Primary school

1.24 (1.14, 1.35)

<0.0001

1.17 (1.12, 1.22)

<0.0001

Middle and high school

1.36 (1.25, 1.49)

<0.0001

0.94 (0.89, 1.00)

0.035

College or above

1.20 (1.07, 1.34)

0.0017

0.65 (0.58, 0.72)

<0.0001

Household income
<10000

1

1

10000-19999

1.20 (1.12, 1.28)

<0.0001

1.16 (1.10, 1.21)

<0.0001

20000-34999

1.27 (1.18, 1.37)

<0.0001

1.20 (1.13, 1.27)

<0.0001

≥35000

1.44 (1.33, 1.56)

<0.0001

1.28 (1.20, 1.36)

<0.0001

For educational level, logistic regression modes were adjusted for age at baseline (continuous), study areas, family history of diabetes, and household income.
For household income, logistic regression modes were adjusted for age at baseline (continuous), study areas, family history of diabetes, educational level and household size.
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Figure 16. Odds ratios (95% CIs) for prevalent total diabetes with the highest compared to lowest educational level in men and
women according to key baseline characteristics. Logistic regression models were adjusted for age, study areas, family history of
diabetes and household income (as appropriate).
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Figure 17. Odds ratios (95% CIs) for prevalent total diabetes with the highest compared to lowest household income in men and
women according to key baseline characteristics. Logistic regression models were adjusted for age, study areas, family history of
diabetes, household size and educational level (as appropriate).
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Table 54. Unadjusted and adjusted odds ratios (95% CIs) for awareness of diabetes according to educational level with comparison
to the no formal school group in men and women in CKB
Sex

Educational level (reference group: no formal school)
Primary school

p value

Middle or high school

p value

College or above

p value

Model 1

1.30 (1.12, 1.51)

<0.0001

1.45 (1.26, 1.68)

<0.0001

2.11 (1.77, 2.51)

<0.0001

Model 2

1.37 (1.17, 1.60)

0.0001

1.58 (1.34, 1.87)

<0.0001

1.94 (1.59, 2.38)

<0.0001

Model 1

1.11 (1.03, 1.20)

0.0043

1.18 (1.10, 1.27)

<0.0001

1.75 (1.48, 2.08)

<0.0001

Model 2

1.17 (1.08, 1.27)

0.0002

1.31 (1.19, 1.44)

<0.0001

1.54 (1.27, 1.87)

<0.0001

Men

Women

Model 1: crude odds ratios.
Mode 2: adjusted for age, study areas, family history of diabetes and household income.
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Table 55. Unadjusted and adjusted odds ratios (95% CIs) for awareness of diabetes according to household income with
comparison to the lowest group in men and women in CKB
Sex

Household income (reference group: <10000)
10000-19999

p value

20000-34999

p value

≥35000

p value

Model 1

1.35 (1.22, 1.51)

<0.0001

1.36 (1.22, 1.51)

<0.0001

1.36 (1.21, 1.52)

<0.0001

Model 2

1.37 (1.17, 1.60)

0.0001

1.58 (1.34, 1.86)

<0.0001

1.93 (1.57, 2.37)

<0.0001

Model 1

1.14 (1.05, 1.23)

0.0009

1.19 (1.10, 1.29)

<0.0001

1.26 (1.15, 1.38)

<0.0001

Model 2

1.16 (1.07, 1.26)

0.0003

1.29 (1.17, 1.42)

<0.0001

1.50 (1.24, 1.82)

<0.0001

Men

Women

Model 1: crude odds ratios.
Mode 2: adjusted for age, study areas, family history of diabetes, educational level and household size.
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5.4 Discussion
Using population-based cross-sectional data from CKB for 2004-2008 in about 0.5
million Chinese adults aged 30-79 years, I found that the association between SES
and diabetes prevalence differed in men and women. Educational level and
household income were positively associated with total diabetes prevalence in men.
However, there was an inverse association between educational level and total
diabetes prevalence in women, with a positive association between household
income and total diabetes prevalence in women. The associations between
educational level and household income and prevalent diabetes were partly mediated
by BMI.

5.4.1 Limitations and strengths of this study
Some important limitations of this study should be recognised. The CKB was not
designed to be nationally representative. The estimated diabetes prevalence in CKB
was slightly lower, and the awareness of diabetes was slightly higher than in
contemporaneous nationally representative surveys in China (see Table 3 for the
summary of national surveys for prevalence of type 2 diabetes in China in the past
four decades and Chapter 5, section 5.4.2 for the detailed comparison). It is likely
that a proportion of diabetes cases were undetected at the baseline survey in CKB.
However, it was not clear whether under-ascertainment of prevalent diabetes differed
across SES groups and whether this might bias the association between SES and
prevalent diabetes in this study. On the other hand, screen-detected diabetes was
based on a single blood test. However, clinical diagnosis of diabetes is recommended
to be made on the basis of two abnormal blood test results without symptoms of
hyperglycaemia (World Health Organization, 1999, American Diabetes Association,
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2018). Thus, it is likely that some participants without diabetes have been misclassified as having screen-detected diabetes when a second test may not have met
diagnostic criteria. In addition, the type of diabetes was not identified in the CKB.
However, given the age of the study population, the number of people with type 1
diabetes and other types of diabetes would be very small and unlikely to have a
major effect on the absolute or relative risk estimates. Information bias in selfreported household income is likely given that it is known to be sensitive
information. It is possible that mis-classification may differ across different SES
groups and introduce bias in either direction. Furthermore, using BMI to assess
people’s body fat has some limitations. For example, BMI cannot distinguish
between lean and fat mass, does not differentiate between body fat distribution, and
may not be equally valid in men and women and in different age groups (Buss,
2014). However, in this study further adjustment for waist circumference and fat
percentage made little effects on the results. Other limitations included the
observational nature of the cross-sectional study. For example, residual confounding
(e.g. ethnicity) was possible, a causal relationship between SES and prevalent
diabetes cannot be identified, and the data can only represent the patterns of diabetes
prevalence associated with SES in a single time point of 2004-2008.

Despite the limitations, to the best of my knowledge, this was the largest nationwide
study to describe the association between SES and diabetes prevalence in a
contemporary population in China. The large sample size with a wide age range that
included both younger and older Chinese adults, and diversity of areas covered
permitted the investigation of differences in socioeconomic gradient of diabetes
prevalence between rural and urban residents, and in different age groups and
geographic areas of China where the epidemiological transition may be at different
stages.
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5.4.2 Comparison of diabetes prevalence estimate with previous
national diabetes surveys
The estimated diabetes prevalence of 5.9% (2.7% screen-detected) in CKB
participants aged 30-79 years in 2004-2008 was similar to the estimate from a
nationally representative survey of 5.5% (4.2% screen-detected) in Chinese adults
aged 35-74 in 2000-2001 in which diabetes was defined by self-reported or FPG ≥7.0
mmol/L (Gu et al., 2003). However, it was substantially lower than the prevalence of
9.7% (5.7% screen-detected) estimated from a nationally representative survey of in
Chinese adults aged 20 years or older in 2007-2008 in which diabetes was defined by
self-report, or FPG ≥ 7.0 mmol/l or 2-hour plasma glucose [2h PG] ≥ 11.1 mmol/l)
(Yang et al., 2010). In addition, the proportion of total diabetes that was self-reported
of 53.3% that I identified in CKB was much higher than that in all previous
nationwide diabetes studies in China (Table 3). The detailed information on each
national diabetes survey in China including survey year, number of participants
number, age, diabetes prevalence, proportion of undiagnosed, and diagnostic criteria
for diabetes is shown in Table 3. In CKB, diabetes was diagnosed by self-report,
random plasma glucose or FPG (a part of participants). The lack of 2h PG and
HbA1c tests in CKB is likely to have contributed importantly to the lower estimated
prevalence of diabetes in CKB compared to the contemporaneous national surveys.
According to the national survey in 2010, 8.1% of Chinese adults aged 18 years or
older were estimated to have screen-detected diabetes based on FPG, 2h PG and
HbA1c values (Xu et al., 2013). However, the estimated prevalence of screendetected diabetes was only 4.5% when only based on FPG test. An additional 1.7%
of people was diagnosed as screen-detected diabetes when FPG together with 2h PG
were used, and further 1.9% people was diagnosed as screen-detected diabetes when
FPG, 2h PG and HbA1c were used. However, it is not clear what effect the under-
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ascertainment of prevalent diabetes had on estimating the association between SES
and prevalent diabetes.

5.4.3 Potential explanations for the findings in this study
SES has profound effects on health through complex processes such as access to
health care, health behaviours and environmental exposures (Adler and Newman,
2002). The exact mechanisms through which SES influences the development of
diabetes are not fully understood. However, previous studies have reported that the
association between SES and diabetes may be partially explained by some
conventional risk factors for diabetes such as overweight, obesity and health-related
behaviours (e.g. physical inactivity, smoking, alcohol use and diet); these are
established risk factors for developing diabetes and are also strongly patterned by
SES, although the contributions of these factors between SES and diabetes might
differ in different populations (Robbins et al., 2001, Williams et al., 2010). In this
study, comprehensive metabolic and behavioural variables collected at baseline
enabled me to explore the various potential pathways linking SES and diabetes. I
found that the association between SES and diabetes prevalence was attenuated after
adjustment for BMI, and changed little after adjustment for other factors, suggesting
that BMI appears to be an important mediator in the pathway linking SES and
diabetes prevalence in the Chinese population. This finding was consistent with that
from high-income countries (Agardh et al., 2004, Espelt et al., 2013). For example, a
cross-sectional of 3128 and 4821 Swedish men and women found that the ORs for
type 2 diabetes was 2.9 (95% CI: 1.5, 5.7) and 2.7 (95% CI: 1.3, 5.9) for men and
women with the lowest compared to highest SES group (measured by occupation)
(Agardh et al., 2004). The ORs were attenuated to 2.5 (95%: 1.2, 4.9) in men and 2.1
(95% CI: 1.0, 4.5) in women after adjustment for BMI.
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The potential mediating variables included in this study did not entirely explain the
association between SES and diabetes prevalence, as the association between SES
and diabetes prevalence was attenuated but did not disappear in the fully adjusted
models. This may have been due to residual confounding, or difficulty of measuring
behavioural characteristics, which might have resulted in an under-estimation of the
contribution of these factors (Paeratakul et al., 1998), or unmeasured mediating
factors such as psychological stress that may also be implicated in the association
between SES and diabetes (Pouwer et al., 2010).

The findings that the association between educational level and total diabetes
prevalence was positive in men but inverse in women were consistent with those
from the CHARLS study. These sex differences in CKB can be at least partly
attributed to disparities in the education-overweight/obesity relationship in men and
women, as in CKB, men with higher educational level were more likely to be
overweight or obese, while the proportion of women who were overweight or obese
was lowest in the highest educational level group. Similar disparities were observed
in previous cross-sectional studies in China where Chinese men with higher
educational level were more likely to be overweight or obese than those of lower
educational attainment, while the opposite pattern was reported for Chinese women
(Jones-Smith et al., 2012, Pei et al., 2015, Zhang et al., 2017). For example, Pei et al.
found that among 3030 Chinese adults aged 18 to 80 years in a city from rural
Northwest China in 2010 the adjusted OR for overweight/obesity was 2.26 (95% CI:
1.50, 3.42) in men and 0.78 (95% CI: 0.62, 0.98) in women for the highest compared
to lowest educational level after adjustment for age, marriage status, employment
status, income, farming frequency, houses of TV viewing, alcohol consumption,
smoking frequency, vegetable and fruit consumption (Pei et al., 2015). Zhang et al.
found that among 7351 Chinese adults aged 20-79 years in an urban city from
Eastern China in 2005, the adjusted OR for obesity was 1.33 (95% CI: 0.98, 1.80) in
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men and 0.60 (95% CI: 0.44, 0.82) in women for those having education more than 9
years compared to those having education of 6 years or less after adjustment for age,
cigarette, smoking, alcohol drinking, physical inactivity, residential district, income
and occupation (Zhang et al., 2017). A review of studies from developing countries
reported that the burden of obesity tends to shift from groups with high to low
educational level during economic development, and this transition occurs earlier for
women than men (Monteiro et al., 2004). This evidence may explain the inconsistent
findings between men and women in this study, and suggest that in China in 20042008 women may be at a more advanced stage of epidemiological transition in the
association between SES and diabetes, as the association between educational level
and diabetes prevalence was inverse in women but was still positive in men.

Interestingly, in women, I observed an inverse association between educational level
and prevalent diabetes, while the association between household income and
prevalent diabetes was positive. The reason for the different effects of educational
level and household income on diabetes prevalence is unclear. Previous studies have
reported that educational level may be more predictive than income of the incidence
of disease, while income is more strongly associated than educational level with the
progression of diseases (Herd et al., 2007). The explanations for the different effects
of educational level and income on different stages (onset or progression) of health
conditions may include that education is related to individuals’ cognitive functioning
and it is helpful to shape material and psychosocial resources, improve health-related
behaviours and better use of healthcare resources (Mirowsky, 2017). However, the
effect of income may be primarily to slow the progression of health problems as it
reflects people’s ability to access health care and adapt the environments in ways that
may slow or even reverse the progression of health problems (Herd et al., 2007). As a
result, the findings in this study suggest that educational level may be a more
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sensitive predictor of disease development than income during the epidemiological
transition.

It should be noted that in this study, although the awareness of diabetes increased
(and the proportion of screen-detected diabetes decreased) with both increasing
educational level and household income, the absolute difference in awareness of
diabetes between the highest and lowest groups was much larger for educational
level than household income. This might also be partially explained by the stronger
association of cognitive functioning with education than income, resulting in people
with high educational level having greater health awareness and therefore potentially
seeking medical attention and receiving a diagnosis of diabetes earlier than people
with lower educational levels (Herd et al., 2007).

I found that the positive associations of both educational level and household income
with prevalent total diabetes in men were weaker among younger than older adults
and in urban areas than rural areas. The inverse association of educational level with
total diabetes prevalence in women was more pronounced in younger than older
adults, and was statistically non-significant in older adults (60-79 years). In addition,
the association of household income with prevalent total diabetes in women was
inverse in young adults aged 30-49 years, but was positive in adults 50 year or older
when stratified by age groups. Furthermore, when stratified by educational level, the
association between household income and prevalent total diabetes in women was
positive in those having an educational level of primary school or below, and was
inverse in those have an educational level of middle school or above. The possible
explanations for these effect modifications was that the epidemiological transition in
the association between SES and prevalent diabetes from being positive to inverse
might occur earlier in young adults, in urban areas, and in those having high
educational level.
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5.5 Chapter summary
In this large nationwide study of about 0.5 million Chinese adults aged 30-79 years
from five urban areas and five rural areas in China I observed a positive association
between educational level and prevalent total diabetes in men, while this association
was inverse in women. Household income was positively associated with prevalent
diabetes in both sexes. These findings were generally consistent with those from the
CHARLS in Chapter 4. In addition, BMI was an important mediating variable
linking educational level and household income with prevalent diabetes in Chinese
adults. However, baseline survey data of CHARLS and CKB were limited to their
cross-sectional design. Prospective cohort studies are needed to describe the temporal
association between SES and incident diabetes to identify priority groups for
prevention of diabetes in contemporary Chinese populations.
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Chapter 6. Association between socioeconomic status and
type 2 diabetes incidence in Chinese adults: findings from
the China Kadoorie Biobank cohort

6.1 Chapter introduction
In Chapter 4 and Chapter 5, epidemiological evidence for the association between
SES and prevalent type 2 diabetes using cross-sectional study designs and the
baseline surveys of CHARLS in 2011-2012 and of CKB in 2004-2008 was
presented. In this chapter, I use prospective data from CKB to describe the
association between SES in 2004-2008 and incident type 2 diabetes up to December
2013. In addition, I investigate the role of some potential mediating variables linking
SES and incident diabetes.

6.2 Methods
6.2.1 Study population, data collection, assessment of exposure, and
assessment of covariates
The study population and data collection in CKB have been described in the previous
chapter in section 5.2.1. The exposures have been described in section 5.2.2. and the
covariates have been described in section 5.2.4.
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6.2.2 Identification of incident diabetes
Information on non-fatal disease outcomes for CKB participants was collected
through linkage with disease and death registries, and with national health insurance
claim databases, using each individual’s unique national identification number,
which enabled identification of diagnoses resulting in, or recorded during, hospital
admissions. The national health insurance system has almost universal coverage
(>98%) across the ten study areas (Liu et al., 2018). The vital status of participants
was obtained periodically from local death registries in China’s Disease Surveillance
Points (DSP) system (which provides mortality statistics for the entire country),
checked annually against local residential records and health insurance records, and
confirmed with street committees or village administrators. Causes of death and nonfatal disease events were ICD-10 coded by trained staff blinded to baseline
information. Cases of incident diabetes were identified through diabetes diagnoses
(ICD-10 codes E10 to E14) recorded in health insurance databases and disease
registries or contributory causes recorded in death registries. The positive predictive
value of incident diabetes was found to be high. Reviews of medical records in about
1000 incident cases identified a positive predictive value of 97% based on American
Diabetes Association diagnostic criteria (American Diabetes Association, 2017) and
medication use.

6.2.3 Statistical analysis
From the 510219 participants included for cross-sectional analyses in Chapter 5, I
excluded 30066 (5.9%) participants with self-reported previously diagnosed diabetes
(n=16035) or screen-detected diabetes (n=14031) at baseline. After excluding these
participants with prevalent diabetes, there were 480153 participants whose data were
used for estimates of incident diabetes in this chapter (Figure 18).
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All analyses were conducted separately for men and women, because there was
considerable heterogeneity in HRs for incident diabetes associated with educational
level and household income between men and women (p values for interaction
<0.0001). I compared baseline characteristics of participants across categories of
educational level and household income. I used analysis of variance for comparisons
for continuous variables, and Chi-square test for comparisons of distributions of

512891 participants in
CKB
1628 participants with missing data
excluded
511263 participants with
complete data
1044 participants with implausible or
extreme values for blood pressure, height,
weight, waist circumference, BMI and fat
percentage excluded
510219 participants
included for crosssectional analyses
30066 participants with diabetes at baseline
excluded
16035 self-reported diabetes
14031 screen-detected diabetes
480153 participants
included for prospective
analyses
Figure 18. Flowchart describing selection process of participants with complete
data, without implausible or extreme values, and without baseline prevalent
diabetes from CKB included in the prospective analyses
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categorical data. Continuous data were presented as mean (SD) if normally
distributed, and categorical variables were presented as counts (%). To estimate
incidence, I calculated person-years from baseline (ie entry to CKB study) until the
earliest of: date of first record of incident diabetes, death, loss to follow-up, or
December 31, 2013. Loss to follow-up in the study was identified when participants
met any of the following:
1. permanent move out of the study areas or out of the jurisdiction of the
regional coordinating centre
2. non-response to three attempted contacts within one year, or who could be
contacted but their new residence was (Lv et al., 2015).
I calculated age-standardised diabetes incidence in men and women according to
educational level, household income and composite measure of SES using the direct
methods of standardisation with the total population of CKB included in the analyses
by 5-year age groups as the standard population. I checked the Cox proportional
hazards assumption using Schoenfeld residuals. Due to the violation of proportional
hazards assumption, I used stratified Cox regression models to estimate the HRs and
95% CIs for the association between SES and incident diabetes and constructed
models similar to those used for the logistic regression models described in Chapter
5, section 5.2.5. For the association between educational level and incident diabetes,
the basic model (model 1) was stratified by age at baseline (5-year age groups) and
study areas, and adjusted for age at baseline (continuous), family history of diabetes
and household income. For the association between household income and incident
diabetes, the basic model (model 1) was stratified by age at baseline (5-year age
groups) and study areas, and adjusted for age at baseline (continuous), family history
of diabetes, educational level and household size. I created model 2 and model 3 in
order to investigate the potential mediating variables between SES and incident
diabetes. I added BMI to model 1 to create model 2, and added other potential
mediating variables including waist circumference, fat percentage, physical activity,
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regular alcohol consumption, regular active smoking, regular passive smoking,
consumption of fresh fruit, vegetable and fish, history of heart disease, stroke and
cancer, SBP and DBP in model 3. As for the analyses described in chapter 5 potential
mediating variables were selected based on prior knowledge of underlying
mechanisms linking SES and diabetes (Robbins et al., 2001, Williams et al., 2010).
Figure 15 in Chapter 5 shows the confounders and potential mediating variables
between SES and incident diabetes in CKB. I used likelihood ratio tests to assess the
multiplicative interaction between SES and age, residence, geographic areas, and
educational level or household income for the other measure of SES on incident
diabetes.

Additional sensitivity analyses were done for the association between SES and
incident diabetes after excluding individuals with history of heart disease, stroke, or
cancer at baseline to reduce potential reverse causality. I performed all analyses using
R software (Version 3.3.2)

6.3 Results
6.3.1 Characteristics of CKB participants included in study of
incident diabetes and patterns of covariates with SES
The distribution of characteristics of participants included in prospective analyses for
incident diabetes was similar to that included in cross-sectional analyses for
prevalent diabetes in Chapter 5. Among 480153 participants included for prospective
analyses in CKB, 58.8% (n=282417) were women (Table 56). The mean (SD) age
was 52.1 (10.9) years for men and 50.5 (10.4) years for women. Higher proportions
of men than women received college or above education (7.6% vs. 4.5%) and were in
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the highest household income group (20.1% vs. 16.5%), and lower proportions of
men than women received no formal education (8.9% vs. 24.9%) and were in the
lowest household income group (26.4% vs. 29.9%).

Both men and women with the highest compared to those of the lowest educational
level were younger, more likely to live in urban areas and be from Northeast China,
regularly consume alcohol, fresh fruit, vegetables and fish, and report personal
history of heart disease and family history of diabetes. However, men and women
with the highest compared to those of the lowest educational level were less likely to
report being regular active smokers, have high systolic and diastolic blood pressure,
or engage in less daily physical activity (Table 57 and Table 58). Men with higher
educational level were more likely to be overweight or obese, and had higher mean
BMI, waist circumference and fat percentage than men with the lower educational
level (Table 57). The patterns of covariates with household income were generally
similar to those for educational level (Table 59). However, the absolute differences in
BMI, waist circumference and fat percentage by SES in women were very small,
with values slightly higher in both middle educational level and household income
groups (Table 58 and Table 60).
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Table 56. Sex specific characteristics of CKB participants included in
prospective study of the association between SES and diabetes incidence
Variable

Men (n=197736)

Women (n=282417)

All (n=480153)

Age (yr)

52.1 (10.9)

50.5 (10.4)

51.1 (10.6)

83340 (42.1)

123233 (43.6)

206573 (43.0)

Eastern

68205 (34.5)

95879 (33.9)

164084 (34.2)

Northeastern

20563 (10.4)

30891 (10.9)

51454 (10.7)

Central

52374 (26.5)

65391 (23.2)

117765 (24.5)

Western

56594 (28.6)

90256 (32.0)

146850 (30.6)

No formal school

17666 (8.9)

70311 (24.9)

87977 (18.3)

Primary school

66325 (33.5)

88341 (31.3)

154666 (32.2)

Middle or high school

98619 (49.9)

111004 (39.3)

209623 (43.7)

College or above

15126 (7.6)

12761 (4.5)

27887 (5.8)

<10000

52154 (26.4)

84400 (29.9)

136554 (28.4)

10000-19999

55935 (28.3)

83157 (29.4)

139092 (29.0)

20000-34999

49991 (25.3)

68367 (24.2)

118358 (24.7)

≥35000

39656 (20.1)

46493 (16.5)

86149 (17.9)

88168 (44.6)

271177 (4.0)

359345 (74.8)

Active

122017 (61.7)

6509 (2.3)

128526 (26.8)

Passive

111131 (56.2)

148650 (52.6)

259781 (54.1)

Fresh fruit

45066 (22.8)

90100 (31.9)

135166 (28.2)

Fresh vegetable

194270 (98.2)

277621 (98.3)

471891 (98.3)

18389 (9.3)

23819 (8.4)

42208 (8.8)

Heart disease

4801 (2.4)

7866 (2.8)

12667 (2.6)

Stroke

4174 (2.1)

3107 (1.1)

7281 (1.5)

Cancer

859 (0.43)

1412 (0.50)

2271 (0.47)

Urban residence
Geographic area

Educational level

Household income (yuan/yr)

Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

8600 (4.3)

13355 (4.7)

21955 (4.6)

(kg/m2)

23.4 (3.2)

23.7 (3.4)

23.6 (3.3)

<24 (normal)

117507 (59.4)

157613 (55.8)

275120 (57.3)

24-28 (overweight)

63597 (32.2)

93414 (33.1)

157011 (32.7)

≥28 (obese)

16632 (8.4)

31390 (11.1)

48022 (10.0)

Physical activity (Met-h/d)

22.4 (15.3)

20.8 (12.8)

21.5 (13.9)

Systolic blood pressure (mm Hg)

132 (19.8)

129.0 (21.6)

130.4 (20.9)

Diastolic blood pressure (mm Hg)

79.1 (11.3)

76.6 (10.8)

77.6 (11.1)

Waist circumference (cm)

81.7 (9.6)

78.7 (9.3)

79.9 (9.6)

Fat (%)

21.9 (6.2)

31.9 (7.0)

27.8 (8.3)

BMI

BMI: body mass index. Values are shown as n (%) or mean (SD).
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Table 57. Characteristics of men from CKB included in prospective study of
diabetes incidence by educational level
Variable

Highest educational level attained
No formal

Primary

Middle or

College or

school

school

high school

above

(n=17666)

(n=66325)

(n=98619)

(n=15126)

60.2 (9.9)

55.7 (10.1)

48.4 (9.7)

50.2 (12.2)

3307 (18.7)

16317 (24.6)

50568 (51.3)

13148 (86.9)

9006 (51.0)

21882 (33.0)

32802 (33.3)

4515 (29.8)

268 (1.5)

1507 (2.3)

13040 (13.2)

5748 (38.0)

Central

1762 (10.0)

22879 (34.5)

26903 (27.3)

830 (5.5)

Western

6630 (37.5)

20057 (30.2)

25874 (26.2)

4033 (26.7)

<10000

8446 (47.8)

23426 (35.3)

19921 (20.2)

361 (2.4)

10000-19999

3313 (18.8)

18890 (28.5)

31592 (32.0)

2140 (14.1)

20000-34999

3378 (19.1)

14010 (21.1)

27739 (28.1)

4864 (32.2)

≥35000

2529 (14.3)

9999 (15.1)

19367 (19.6)

7761 (51.3)

6201 (35.1)

27804 (41.9)

46789 (47.4)

7374 (48.8)

Active

11472 (64.9)

43398 (65.4)

61001 (61.9)

6146 (40.6)

Passive

8282 (46.9)

37379 (56.4)

58214 (59.0)

7256 (48.0)

Fresh fruit

2106 (11.9)

9090 (13.7)

25870 (26.2)

8000 (52.9)

Fresh vegetable

16854 (95.4)

65226 (98.3)

97176 (98.5)

15014 (99.3)

849 (4.8)

4129 (6.2)

10961 (11.1)

2450 (16.2)

Heart disease

331 (1.9)

1570 (2.4)

2140 (2.2)

760 (5.0)

Stroke

421 (2.4)

1466 (2.2)

1883 (1.9)

404 (2.7)

Cancer

95 (0.54)

348 (0.52)

339 (0.34)

77 (0.51)

Age (yr)
Urban residence
Geographic area
Eastern
Northeastern

Household income (yuan/yr)

Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

219 (1.2)

1325 (2.0)

5759 (5.8)

1297 (8.6)

(kg/m2)

22.2 (3.0)

22.8 (3.1)

23.7 (3.2)

24.6 (3.1)

<24 (normal)

13077 (74.1)

44628 (67.3)

53633 (54.4)

6169 (40.8)

24-28 (overweight)

3875 (21.9)

17818 (26.9)

35005 (35.5)

6899 (45.6)

714 (4.0)

3879 (5.8)

9981 (10.1)

2058 (13.6)

Physical activity (Met-h/d)

24.0 (16.3)

22.5 (16.0)

23.0 (15.2)

15.9 (9.2)

Systolic blood pressure (mm Hg)

138.2 (22.4)

134.3 (20.7)

130.5 (18.6)

129.1 (18.0)

Diastolic blood pressure (mm Hg)

79.8 (11.5)

78.8 (11.3)

79.1 (11.3)

78.9 (11.0)

Waist circumference (cm)

77.8 (9.1)

79.7 (9.3)

83.1 (9.5)

86.3 (8.8)

Fat (%)

19.3 (6.0)

20.6 (6.0)

22.8 (6.1)

24.1 (5.7)

BMI

≥28 (obese)

BMI: body mass index. Values are shown as n (%) or mean (SD); p value was <0.0001 for all comparisons.
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Table 58. Characteristics of women from CKB included in prospective study of
diabetes incidence by educational level
Variable

Highest educational level attained
No formal

Primary school

Middle or high

College or

school

(n=88341)

school

above

(n=111004)

(n=12761)

(n=70311)
Age (yr)

56.5 (10.1)

51.4 (10.2)

46.4 (8.5)

46.1 (10.1)

20664 (29.4)

24183 (27.4)

66679 (60.1)

11707 (91.7)

35081 (49.9)

24654 (27.9)

33077 (29.8)

3067 (24.0)

Northeastern

1715 (2.4)

3330 (3.8)

19723 (17.8)

6123 (48.0)

Central

8639 (12.3)

31920 (36.1)

24422 (22.0)

410 (3.2)

Western

24876 (35.4)

28437 (32.2)

33782 (30.4)

3161 (24.8)

<10000

31267 (44.5)

30342 (34.3)

22521 (20.3)

270 (2.1)

10000-19999

15403 (21.9)

28534 (32.3)

37622 (33.9)

1598 (12.5)

20000-34999

13427 (19.1)

19097 (21.6)

31528 (28.4)

4315 (33.8)

≥35000

10214 (14.5)

10368 (11.7)

19333 (17.4)

6578 (51.5)

1992 (2.8)

3187 (3.6)

4904 (4.4)

1157 (9.1)

Active

2162 (3.1)

2641 (3.0)

1619 (1.5)

87 (0.7)

Passive

32710 (46.5)

50093 (56.7)

60427 (54.4)

5420 (42.5)

Fresh fruit

10781 (15.3)

18273 (20.7)

50924 (45.9)

10122 (79.3)

Fresh vegetable

67709 (96.3)

87140 (98.6)

110081 (99.2)

12691 (99.5)

4367 (6.2)

5648 (6.4)

12080 (10.9)

1724 (13.5)

Heart disease

1624 (2.3)

2527 (2.9)

3113 (2.8)

602 (4.7)

Stroke

839 (1.2)

1042 (1.2)

1076 (1.0)

150 (1.2)

Cancer

310 (0.44)

461 (0.52)

537 (0.48)

104 (0.82)

Urban residence
Geographic area
Eastern

Household income (yuan/yr)

Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

1087 (1.5)

2244 (2.5)

8292 (7.5)

1732 (13.6)

(kg/m2)

23.6 (3.5)

23.8 (3.5)

23.8 (3.3)

23.2 (3.0)

<24 (normal)

39981 (56.9)

48507 (54.9)

61058 (55.0)

8067 (63.2)

24-28 (overweight)

22527 (32.0)

29407 (33.3)

37706 (34.0)

3774 (29.6)

≥28 (obese)

7803 (11.1)

10427 (11.8)

12240 (11.0)

920 (7.2)

Physical activity (Met-h/d)

22.4 (13.8)

20.6 (13.0)

20.3 (12.4)

18.1 (8.0)

Systolic blood pressure (mm Hg)

137.0 (23.2)

131.2 (21.4)

123.6 (18.8)

116.9 (17.5)

Diastolic blood pressure (mm Hg)

78.4 (11.1)

77.1 (10.8)

75.5 (10.5)

73.0 (10.1)

Waist circumference (cm)

79.1 (10.0)

79.3 (9.6)

78.2 (8.8)

76.3 (8.2)

Fat (%)

31.5 (7.4)

32.2 (7.2)

32.1 (6.7)

30.8 (6.1)

BMI

BMI: body mass index. Values are shown as n (%) or mean (SD); p value was <0.0001 for all comparisons.
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Table 59. Characteristics of men from CKB included for prospective study of
diabetes incidence by household income
Variable

Household income
<10000

10000-19999

20000-34999

≥35000

(n=52154)

(n=55935)

(n=49991)

(n=39656)

Age (yr)

54.2 (11.4)

51.9 (10.8)

51.2 (10.4)

50.6 (10.4)

Urban residence

8923 (17.1)

22751 (40.7)

27555 (55.1)

24111 (60.8)

Eastern

6423 (12.3)

13157 (23.5)

24386 (48.8)

24239 (61.1)

Northeastern

1873 (3.6)

6720 (12.0)

6850 (13.7)

5120 (12.9)

Central

15523 (29.8)

20154 (36.0)

11361 (22.7)

5336 (13.5)

Western

28335 (54.3)

15904 (28.4)

7394 (14.8)

4961 (12.5)

No formal school

8446 (16.2)

3313 (5.9)

3378 (6.8)

2529 (6.4)

Primary school

23426 (44.9)

18890 (33.8)

14010 (28.0)

9999 (25.2)

Middle or high school

19921 (38.2)

31592 (56.5)

27739 (55.5)

19367 (48.8)

361 (0.7)

2140 (3.8)

4864 (9.7)

7761 (19.6)

19070 (36.6)

25162 (45.0)

24111 (48.2)

19825 (50.0)

Active

33914 (65.0)

34038 (60.9)

30230 (60.5)

23835 (60.1)

Passive

26502 (50.8)

31716 (56.7)

28995 (58.0)

23918 (60.3)

Fresh fruit

5923 (11.4)

11628 (20.8)

14054 (28.1)

13461 (33.9)

Fresh vegetable

50033 (95.9)

55289 (98.8)

49584 (99.2)

39364 (99.3)

1799 (3.4)

4185 (7.5)

5824 (11.7)

6581 (16.6)

9years86 (1.9)

1513 (2.7)

1366 (2.7)

936 (2.4)

Stroke

1263 (2.4)

1347 (2.4)

978 (2.0)

586 (1.5)

Cancer

273 (0.52)

237 (0.42)

189 (0.38)

160 (0.40)

Geographic area

Highest educational level

College or above
Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases
Heart disease

Family history of diabetes

1283 (2.5)

2373 (4.2)

2671 (5.3)

2273 (5.7)

(kg/m2)

22.5 (3.0)

23.4 (3.2)

23.7 (3.2)

24.1 (3.2)

<24 (normal)

37138 (71.2)

33462 (59.8)

27379 (54.8)

19528 (49.2)

24-28 (overweight)

12450 (23.9)

17679 (31.6)

17797 (35.6)

15671 (39.5)

2566 (4.9)

4794 (8.6)

4815 (9.6)

4457 (11.2)

Physical activity (Met-h/d)

22.0 (16.2)

21.6 (15.7)

23.4 (14.8)

22.8 (14.1)

Systolic blood pressure (mm Hg)

133.3 (21.1)

131.9 (19.7)

132.2 (19.3)

131.9 (18.8)

Diastolic blood pressure (mm Hg)

78.4 (11.4)

78.7 (11.4)

79.4 (11.2)

80.0 (11.1)

Waist circumference (cm)

79.2 (9.0)

81.8 (9.7)

82.6 (9.7)

83.8 (9.6)

Fat (%)

20.1 (6.0)

21.8 (6.1)

22.5 (6.1)

23.4 (6.1)

BMI

≥28 (obese)

BMI: body mass index. Values are shown as n (%) or mean (SD); p value was <0.0001 for all comparisons.
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Table 60. Characteristics of women from CKB included for prospective study of
diabetes incidence by household income
Variable

Household income
<10000

10000-19999

20000-34999

≥35000

(n=84400)

(n=83157)

(n=68367)

(n=46493)

51.7 (11.3)

50.2 (10.2)

49.7 (9.7)

49.8 (9.7)

18926 (22.4)

36969 (44.5)

38580 (56.4)

28758 (61.9)

11733 (13.9)

20663 (24.8)

34176 (50.0)

29307 (63.0)

4544 (5.4)

10453 (12.6)

9410 (13.8)

6484 (13.9)

Central

18813 (22.3)

26845 (32.3)

14243 (20.8)

5490 (11.8)

Western

49310 (58.4)

25196 (30.3)

10538 (15.4)

5212 (11.2)

No formal school

31267 (37.0)

15403 (18.5)

13427 (19.6)

10214 (22.0)

Primary school

30342 (36.0)

28534 (34.3)

19097 (27.9)

10368 (22.3)

Middle or high school

22521 (26.7)

37622 (45.2)

31528 (46.1)

19333 (41.6)

270 (0.32)

1598 (1.9)

4315 (6.3)

6578 (14.1)

3296 (3.9)

3082 (3.7)

2707 (4.0)

2155 (4.6)

Active

3277 (3.9)

1895 (2.3)

859 (1.3)

478 (1.0)

Passive

45154 (53.5)

45212 (54.4)

35147 (51.4)

23137 (49.8)

Fresh fruit

13986 (16.6)

26136 (31.4)

27521 (40.3)

22457 (48.3)

Fresh vegetable

81002 (96.0)

82435 (99.1)

67924 (99.4)

46260 (99.5)

3114 (3.7)

6117 (7.4)

7193 (10.5)

7395 (15.9)

Heart disease

1970 (2.3)

2571 (3.1)

2019 (3.0)

1306 (2.8)

Stroke

1009 (1.2)

1020 (1.2)

656 (1.0)

422 (0.9)

Cancer

400 (0.47)

441 (0.53)

358 (0.52)

213 (0.46)

Age (yr)
Urban residence
Geographic area
Eastern
Northeastern

Highest educational level

College or above
Regular alcohol consumption
Regular smoking

Regular consumption of foods

Fresh fish
Prior diseases

Family history of diabetes

2243 (2.7)

3967 (4.8)

4052 (5.9)

3093 (6.7)

(kg/m2)

23.5 (3.5)

23.9 (3.5)

23.7 (3.3)

23.7 (3.2)

<24 (normal)

48891 (57.9)

44597 (53.6)

38234 (55.9)

25891 (55.7)

24-28 (overweight)

26395 (31.3)

28263 (34.0)

22914 (33.5)

15842 (34.1)

≥28 (obese)

9114 (10.8)

10297 (12.4)

7219 (10.6)

4760 (10.2)

Physical activity (Met-h/d)

20.7 (12.4)

19.3 (12.3)

21.9 (13.5)

21.9 (13.1)

Systolic blood pressure (mm Hg)

131.2 (22.6)

128.5 (21.4)

128.1 (20.9)

127.3 (20.6)

Diastolic blood pressure (mm Hg)

76.8 (11.1)

76.5 (10.9)

76.6 (10.7)

76.5 (10.5)

Waist circumference (cm)

78.6 (9.6)

79.1 (9.5)

78.4 (9.1)

78.5 (8.8)

Fat (%)

31.5 (7.3)

32.3 (7.1)

31.9 (6.8)

32.0 (6.7)

BMI

BMI: body mass index. Values are shown as n (%) or mean (SD); p value was <0.0001 for all comparisons.
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6.3.2 Associations between SES and incident diabetes in CKB
During a median of 7 years (a total of 3.45 million person-years) of follow-up, 2032
(0.4%) participants were lost to follow up, and 22103 (4.6%) participants died. In
total, 9544 new cases of diabetes were identified, 5937 among women. Crude
incidence was 2.59 (95% CI: 2.51, 2.68) and 2.93 (95% CI: 2.86, 3.01) per 1000
person-years for men and women, respectively. Age-standardised diabetes incidence
increased with higher household income in both men and women (Table 61). A Ushaped association was observed between educational level and diabetes incidence
because the lowest incidence of diabetes occurred in both men and women who had
received a maximum of middle or high school education (Table 61). The associations
of SES with incident diabetes were similar to those with prevalent diabetes. After
stratification by 5-year age group and study areas, and adjustment for age as
continuous variable, family history of diabetes and household income, educational
level was positively associated with incident diabetes in men (Table 62), but an
inverse association was found in women (Table 62). Household income was also
positively associated with incident diabetes in men, but the association was not
statistically significant in women (Table 63). After additional adjustment for BMI,
the associations between SES and incident diabetes were markedly attenuated, and
were no longer statistically significant at the 5% level for all comparisons between
the highest and lowest SES groups (Table 62 and Table 63). Further adjustment for
other potential mediating factors had little effect on the results (Table 62 and Table
63). Exclusion of 9359 men and 11843 women with either heart disease, stroke or
cancer at baseline had little effect on the associations between SES and incident
diabetes (Table 65).

Absolute risk of incident diabetes was lowest in men with low household income
regardless of educational level, and highest in women with low educational level and
high household income (Table 65). The relative risk of developing diabetes compared
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to the groups with low educational level and low household income was highest in
men who had both high educational level and high household income, and in women
who had low educational level but high household income (Table 65).

The association between educational level and incident diabetes did not appear to be
modified by age, urban or rural residence, economic-geographic areas and household
income in men or women (Figure 19). However, the positive association of
household income with incident diabetes was more pronounced in urban areas than
rural areas in men (p for interaction =0.035) but there was no evidence of an interaction in
women (p for interaction =0.99). This association also was more pronounced in less
economically-developed geographic areas (Northeastern, Central and Western) than
more developed areas (Eastern) in both sexes (p for interaction =0.017 in men and p for
interaction

=0.010 in women) (Figure 20).
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Table 61. Sex specific diabetes incidence among CKB participants included in prospective analyses according to educational level
and household income
Socioeconomic status

Men (n=197736)

Women (282417)

No. of

No. of

No. of

Standardised*

No. of

No. of

No. of

Standardised*

participants

participants

person-years

incidence rate

participants

participants

person-

incidence rate

with incident

years

(no./1000 person-

with incident

(no./1000 person-years)

diabetes

diabetes

years)

Highest educational level
No formal school

17666

480

121804

3.38 (2.98, 3.85)

70311

2330

506414

3.80 (3.62, 3.99)

Primary school

66325

1342

463273

2.65 (2.49, 2.81)

88341

1945

634045

2.96 (2.83, 3.10)

Middle or high school

98619

1469

701971

2.37 (2.25, 2.51)

11104

1485

796456

2.29 (2.16, 2.43)

College or above

15126

316

105803

3.24 (2.88, 3.64)

12761

177

91064

2.51 (2.13, 2.94)

<10000

52154

747

372495

1.86 (1.73, 2.00)

84400

1522

620750

2.36 (2.23, 2.48)

10000-19999

55935

835

399320

2.11 (1.97, 2.25)

83157

1536

601724

2.59 (2.46, 2.72)

20000-34999

49991

1003

350474

2.95 (2.77, 3.14)

68367

1650

483599

3.49 (3.32, 3.67)

≥35000

39656

1022

270561

3.89 (3.65, 4.14)

46493

1229

321905

3.87 (3.65, 4.09)

Household income (yuan/yr)

*5-year age group standardised.
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Table 62. Hazard ratios and 95% CIs for incident diabetes according to educational level in men and women
Educational level

Model 1
HR (95% CI)

Model 2
p value

HR (95% CI)

Model 3
p value

HR (95% CI)

p value

Men
No formal school

1

1

1

Primary school

1.01 (0.90, 1.13)

0.84

0.97 (0.87, 1.08)

0.56

0.94 (0.84, 1.05)

0.26

Middle and high school

1.08 (0.96, 1.23)

0.21

1.00 (0.88, 1.13)

0.95

0.94 (0.83, 1.07)

0.36

College or above

1.27 (1.07, 1.51)

0.0076

1.15 (0.97, 1.37)

0.12

1.11 (0.93, 1.32)

0.24

Women
No formal school

1

1

Primary school

0.95 (0.89, 1.02)

0.18

0.94 (0.87, 1.00)

0.066

0.94 (0.87, 1.01)

0.075

Middle and high school

0.79 (0.72, 0.87)

<0.0001

0.82 (0.75, 0.90)

<0.0001

0.85 (0.78, 0.94)

0.00062

College or above

0.80 (0.67, 0.95)

0.010

0.91 (0.76, 1.09)

0.30

0.99 (0.83, 1.19)

0.92

Model 1: stratified by age at baseline (5-year age group) and study areas, and adjusted for age at baseline (continuous), family history of diabetes and household income.
Model 2: Model 1 + BMI (continuous).
Model 3: Model 2 + waist circumference, fat percentage, physical activity, regular alcohol consumption, active smoking, passive smoking, regular consumption of fresh fish, regular
consumption of fresh vegetable, regular consumption of fresh fruit, history of heart disease, history of stroke, history of cancer, SBP and DBP.
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Table 63. Hazard ratios and 95% CIs for incident diabetes according to household income in men and women
Household income

Model 1
HR (95% CI)

Model 2
P value

HR (95% CI)

Model 3
p value

HR (95% CI)

p value

Men
<10000

1

1

1

10000-19999

1.03 (0.92, 1.15)

0.64

0.93 (0.83, 1.04)

0.18

0.92 (0.82, 1.03)

0.14

20000-34999

1.13 (1.00, 1.28)

0.05

0.98 (0.87, 1.11)

0.78

0.96 (0.85, 1.08)

0.48

≥35000

1.36 (1.19, 1.55)

<0.0001

1.07 (0.94, 1.22)

0.30

1.01 (0.88, 1.16)

0.87

Women
<10000

1

1

1

10000-19999

1.03 (0.95, 1.12)

0.48

0.99 (0.91, 1.07)

0.75

1.00 (0.92, 1.08)

0.92

20000-34999

1.06 (0.96, 1.16)

0.24

1.00 (0.92, 1.10)

0.92

1.01 (0.92, 1.11)

0.88

≥35000

1.06 (0.95, 1.17)

0.28

0.97 (0.87, 1.07)

0.55

0.96 (0.87, 1.07)

0.50

Model 1: stratified by age at baseline (5-year age group) and study areas, and adjusted for age at baseline (continuous), family history of diabetes, educational level and household size.
Model 2: Model 1 + BMI (continuous).
Model 3: Model 2 + waist circumference, fat percentage, physical activity, regular alcohol consumption, active smoking, passive smoking, regular consumption of fresh fish, regular
consumption of fresh vegetable, regular consumption of fresh fruit, history of heart disease, history of stroke, history of cancer, SBP and DBP.
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Table 64. Adjusted hazard ratios (95% CIs) for incident diabetes according to educational level and household income in men and
women without any heart disease, stroke or cancer at baseline
Socioeconomic status

Men
HR (95% CI)

Women
p value

HR (95% CI)

P value

Educational level
No formal school

1

1

Primary school

1.01 (0.90, 1.14)

0.83

0.94 (0.87, 1.01)

0.082

Middle and high school

1.09 (0.96, 1.24)

0.21

0.78 (0.71, 0.86)

<0.0001

College or above

1.30 (1.08, 1.56)

0.0062

0.77 (0.63, 0.93)

0.0083

Household income
<10000

1

1

10000-19999

1.01 (0.90, 1.14)

0.85

1.02 (0.93, 1.11)

0.73

20000-34999

1.11 (0.97, 1.26)

0.12

1.05 (0.95, 1.15)

0.36

≥35000

1.33 (1.16, 1.53)

<0.0001

1.07 (0.96, 1.19)

0.22

For educational level, Cox regression models were stratified by age at baseline (5-year age groups) and study areas, and adjusted for age at baseline (continuous), family history of
diabetes and household income.
For household income, Cox regression models were stratified by age at baseline (5-year age groups) and study areas, and adjusted for age at baseline (continuous), family history of
diabetes, educational level and household size.
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Table 65. Sex specific incidence and hazard ratios (95% CIs) for incident diabetes according to composite measure of educational
level and household income
Composite measure of SES

No. of

No. of

No. of person-

Crude incidence rate

Standardised* incidence

participants

events

years

(no./1000 person-

rate

years)

(no./1000 person-years)

HR (95% CI)†

p value

Men
Low education and low income

54075

925

378711

2.44 (2.29, 2.61)

2.06 (1.91, 2.22)

1

Low education and high income

29916

897

206366

4.35 (4.07, 4.64)

4.01 (3.72, 4.37)

1.15 (1.02, 1.29)

0.020

High education and low income

54014

657

393104

1.67 (1.55, 1.80)

1.95 (1.79, 2.11)

1.04 (0.93, 1.17)

0.47

High education and high income

59731

1128

414670

2.72 (2.56, 2.88)

3.04 (2.86, 3.24)

1.33 (1.20, 1.48)

<0.0001

Low education and low income

105546

2326

765311

3.04 (2.92, 3.17)

2.58 (2.47, 2.70)

1

Low education and high income

53106

1949

375147

5.19 (4.97, 5.43)

7.10 (6.58, 7.67)

1.03 (0.95, 1.11)

0.48

High education and low income

62011

732

457163

1.60 (1.49, 1.72)

2.43 (2.21, 2.68)

0.82 (0.75, 0.91)

0.0001

High education and high income

61754

930

430357

2.16 (2.02, 2.30)

2.52 (2.35, 2.70)

0.86 (0.78, 0.94)

0.0013

Women

*5-year age group standardised.
†stratified by age at baseline (5-year age group) and study regions, and adjusted for age at baseline (continuous), family history of diabetes and household size.
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Figure 19: Hazard ratios and 95% CIs for incident diabetes with the highest compared to lowest educational level in men and
women according to baseline characteristics. Cox models were stratified by age at baseline (5-year age group) and study regions, and
adjusted for age at baseline (continuous), family history of diabetes and household income (as appropriate).
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Figure 20: Hazard ratios and 95% CIs for incident diabetes with the highest compared to lowest household income in men and
women according to baseline characteristics. Cox models were stratified by age at baseline (5-year age group) and study regions, and
adjusted for age at baseline (continuous), family history of diabetes, household size and educational level (as appropriate).
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6.4 Discussion
Using population-based prospective data from CKB in almost 0.5 million Chinese
adults aged 30-79 years, I found that the association between SES and incident
diabetes differed in men and women. Educational level and household income were
positively associated with incident diabetes in men. However, there was an inverse
association between educational level and incident diabetes in women, and there was
no significant association between household income and incident diabetes in
women. The associations of educational level and household income with incident
diabetes appeared to be partly mediated by BMI.

6.4.1 Limitations and strengths of this study
Some important limitations of this study should be recognised. The key limitation is
potential under-ascertainment of incident diabetes in CKB, as only hospitalised
diabetes events were identified (see section 6.2.2 for how incident diabetes was
identified in CKB). The details of under-ascertainment of incident diabetes is
discussed in section 6.4.2. Second, the proportion of women in the highest group of
educational level is very small. The statistical power of detecting a 6% relative
difference in hazard of incident diabetes between the highest and lowest household
income in women is low (power=0.31, probability of type Ⅰ error=0.05), suggesting
limited power to detect positive association between household income and incident
diabetes in women. It is not clear whether the association between educational level
and incident diabetes will change in the future as larger proportions of women
receive higher levels of education. Last, the type of diabetes among incident cases in
CKB was not identified very well. Among 9544 new diabetes cases, 2.1%, 55.4%
and 42.5% were coded as E10 (type 1 diabetes), E11 (type 2 diabetes) and E14
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(unspecified diabetes), respectively. As a result I included all diabetes cases coded as
ICD-10 from E10 to E14. However, given that the participants were 30-79 years of
age, most incident cases are likely to have been type 2 diabetes.

The strengths of this study included that this was the first nationwide prospective
study to describe the contemporary associations between SES and a measure of
diabetes incidence in China. Second, the large and diverse population sample permits
the investigation of potential differences in the association between SES and diabetes
incidence in settings where economic development and epidemiological transition
may be at different stages and increase the generalisability of the findings.
Furthermore, the positive predictive value of the diagnosis of incident diabetes is
very high (see section 6.2.2). In addition, extremely low loss to follow-up limits the
potential for biased risk estimates.

6.4.2 Under-ascertainment of incident diabetes
The incidence of diabetes of 2.59 (95% CI: 2.51, 2.68) and 2.93 (95% CI: 2.86, 3.01)
per 1000 person-years in men and women in CKB was much lower than that reported
from other studies in Chinese populations as well as other populations. For example,
the incidence of diabetes (diagnosed by self-report, or use of antidiabetic medication,
or medical records, or FPG ≥7.0 mmol/l) in Qingdao Port Health Study of 10704
Chinese adults aged 18-59 years in mainland China was 9.5 per 1000 person-years
during 2000-2011 (Shang et al., 2013). The incidence of diagnosed diabetes in the
Hong Kong Chinese population over 19 years of age in Hong Kong identified from
public sector health records in 2014 was 11.3 (95% CI: 11.2, 11.5) and 7.92 (95% CI:
7.8, 8.0) per 1000 person-year in men and women (Quan et al., 2017). In addition,
the incidence of diabetes (diagnosed based on health insurance claim databases and
anti-diabetic medication use) was 9.5 per 1000 person-years in the national Korean
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population aged 20-89 years in 2011 (Koo et al., 2014), and was 4.88 (95% CI: 4.84,
4.90) and 3.33 (95% CI: 3.28, 3.32) per 1000 person-years in men and women over
39 years of age in Scotland during 2004 and 2013 (Read et al., 2016). Given the
rapid increases in prevalence of diabetes in mainland China in recent decades, and
the much lower incidence rate of diabetes compared to other populations, it seems
reasonable to believe that a large proportion of participants with diabetes in CKB has
not been identified and these people have been misclassified as people wo did not
develop diabetes during follow up.

In China, where although universal coverage has been achieved, primary care is still
being developed, social medical insurance only offers a limited benefits package, and
the percentage of health expenditure based on patients’ private out-of-pocket
payment is still high (Yu, 2015, Fu et al., 2018). As a consequence, people’s ability to
pay is still the main driver of admission to hospital in China (Wang et al., 2013a,
Wang and Wang, 2014, Fu et al., 2018). If Chinese people of higher SES, as reported
by a previous study in mainland China (Wang et al., 2015), are more likely to be
admitted to hospitals, then the higher case ascertainment of diabetes in participants
with higher SES would bias the association between SES and incident diabetes
identified from hospital records. Wang et al. reported that among 124829 general
residents aged 20 years or more in Guangdong province in mainland China in 2011,
higher household income per head and educational level were associated increased
odds of hospitalisation in the past 12 months, with an adjusted OR of 1.72 (95% CI:
1.67, 1.79) for the highest compared to lowest household income group, and an
adjusted OR of 1.47 (95% CI: 1.43, 1.52) for the people with an educational
qualification compared to those without qualifications after adjusted for sex, age,
employment status, tobacco use, numbers of chronic conditions and household
income or educational level as appropriate (Wang et al., 2015). It should also be
noted that the proportion of baseline prevalent total diabetes (combined self-reported
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diabetes and screen-detected diabetes) that was self-reported increased with higher
educational level and household income in both men and women in both CKB
(Chapter 5) and CHARLS population (Chapter 4). Therefore, findings in this study
would potentially have exaggerated the positive association in men, and the inverse
association with educational level in women is likely to have been underestimated.
As a result, longitudinal studies with repeated cross-sectional measures of diabetes
status using reliable laboratory tests are needed in the future to test the validity of the
findings in this study.

6.4.3 Potential explanations for the findings in this study
The findings of the association between SES and incident diabetes in this study were
consistent with the association between SES and prevalent diabetes observed in
CHARLS in Chapter 4 and the cross-sectional analysis of baseline CKB data in
Chapter 5. The positive association between SES and incident diabetes in men in this
study contrasts with findings from high-income countries and Taiwan (Agardh et al.,
2011, Hsu et al., 2012), but are consistent with those from Thailand (Papier et al.,
2016). Evidence for the association between SES and incident diabetes from other
low- and middle-income countries is sparse.

The Qingdao Port Health Study, an occupational cohort of 10704 Chinese adults
aged 18-59 years with 11 years (2000-2011) follow-up reported an inverse
association between educational level and incident diabetes in both sexes in
unadjusted Cox regression models (Shang et al., 2013). This inverse association
remained in men (adjusted HR [95% CI]: 1.43 [1.11, 1.86] for the lowest compared
to the highest educational level), but was attenuated in women (adjusted HR [95%
CI]: 1.56 [0.89, 2.76]), after adjustment for family history of diabetes, baseline age,
marriage status, occupation, cigarette smoking, alcohol consumption, physical
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exercise, work strengths, dietary intake and salt taste preference. However, the study
population only included young and middle-aged adults employed in a single
company in a well-developed city in China. In addition, the study population
included relatively high proportions of participants with an educational level of
college or above in both men (16.8%) and women (24.0%). The CKB population is
more representative of Chinese population in terms of education distribution, with
the proportion of men (7.9%) and women (4.5%) having an educational level of
college or above slightly lower than that in population with same age group in the
2010 Chinese census (8.7% of men and 6.1% of women) (National Bureau of
Statistics of China, 2011). As a result, the findings of Qingdao Port Health Study
may represent the patterns of educational level with incident diabetes in young
Chinese populations who were at a more advanced stage of the epidemiological
transition and may not be generalisable to other parts of China. This study extended
the analyses to a larger population of people from different parts of China, included
both educational level and household income as SES measures, and, for incidence
estimates, used Cox regression models controlled for important confounding
variables but were not over-adjusted for potential mediating variables.

Similar to the cross-sectional study of the CKB in Chapter 5, the association between
SES and diabetes incidence was attenuated after adjustment for BMI, and changed
little after adjustment for other factors, suggesting that BMI appears to be an
important mediator in the pathway linking SES and diabetes incidence in the Chinese
population. This finding was consistent with that from high-income countries
(Lidfeldt et al., 2007, Krishnan et al., 2010, Espelt et al., 2013). For example, the
Black Women’s Health Study found that among 46832 African-American women in
the United States followed from 1995 to 2007, the incidence rate ratios for type 2
diabetes were 1.28 (95% CI: 1.15, 1.43) for participants with 12 years of education
or less compared to those with 17 years of education or more (Krishnan et al., 2010).
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This study also reported an incidence ratio for type 2 diabetes of 1.57 (95% CI: 1.30,
1.90) for household income less than 15000 compared to more than 100000 US
dollars after adjusted for age, time period, education, household income, household
size and neighbourhood SES. The incidence rate ratios were slightly attenuated to
1.24 (95% CI: 1.11, 1.39) and 1.43 (95% CI: 1.18, 1.73) after further adjusted for
family history of diabetes, smoking, alcohol intake, energy intake, vigorous activity
and female hormone use, and markedly reduced to 1.20 (95% CI: 1.08, 1.35) for
education and 1.20 (95% CI: 0.99, 1.47) for income after further adjustment for BMI.

In contrast to the cross-sectional study of the association between SES and prevalent
diabetes in CKB participants, I did not observe that age modified the association
between SES and incident diabetes in this prospective study. In addition, the positive
association between household income and incident diabetes in men was more
pronounced in urban areas than rural areas in this study. However, in the crosssectional study of the CKB, the association between household income and prevalent
diabetes in men was more pronounced in rural areas. It is possible that the results of
the interaction analyses in this study have been biased due to the under-ascertainment
of incident diabetes cases. A study of 151421, 143380 and 48356 Chinese people
from three different national surveys in 2003, 2008 and 2011 in China showed that
there were significant urban-rural disparities in hospital admissions (Fu et al.,
2014a). The rate ratio of hospitalisation for urban compared to rural residents was
1.23 (95% CI: 1.17, 1.30), 1.06 (95% CI: 1.02, 1.10) and 1.16 (95% CI: 1.10, 1.23)
in 2003, 2008 and 2011, respectively. In addition, the health expenditure
reimbursement rate was significantly higher in urban areas than rural areas, with
34.9% in urban areas compared to 4.5% in rural areas in 2003, 45.6% in urban areas
compared to 34.4% in rural areas in 2008, and 56.2% in urban areas compared to
45.1% in rural areas in 2011. Therefore, it is likely that greater ability to pay for
hospital care in participants with higher SES than lower SES, and higher health
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expenditure reimbursement in urban areas than rural areas may result in an overestimation of relative risk of incident diabetes in urban areas compared to that in
rural areas. In addition, this bias may also contribute to the less pronounced positive
association of SES observed for prevalent diabetes but not for incident diabetes in
younger than older participants, because a larger proportion of younger participants
were from urban areas. Given the incompleteness of diabetes case ascertainment,
which may vary across different age groups, urban and rural areas, and different
geographic areas as well as by SES, more reliable data are needed in the future to
investigate whether these factors modify the association between SES and incident
diabetes in China.

6.5 Chapter summary
In this large prospective cohort study of almost 0.5 million Chinese adults aged 3079 years from five urban areas and five rural areas in China, I observed an
association between educational level and incident diabetes that was positive in men
and inverse in women. Household income was positively associated with incident
diabetes in men, but with no significant association with incident diabetes in women.
BMI was an important mediating variable linking educational level and household
income with incident diabetes in Chinese adults. Future research with more complete
diabetes case ascertainment will be required to validate the findings in this study.
Additional research to investigate whether SES also affects the risk of developing
diabetic complications in China is also needed.
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Chapter 7. Association between socioeconomic status and
cardiovascular disease and all-cause mortality in Hong
Kong Chinese people with type 2 diabetes: findings from a
cohort study within the Joint Asia Diabetes Evaluation
Program

7.1 Chapter introduction
Cardiovascular disease (CVD) is one of the most common causes of morbidity and
premature mortality in people with type 2 diabetes (Stirban and Tschoepe, 2008).
Estimates from large cohort studies suggest that people with diabetes are at a 2- to 4fold increased risk of a wide range of CVD events compared with non-diabetic
populations (Fox et al., 2004, Emerging Risk Factors Collaboration, 2010). A review
of data published between 1990 and 2010 concluded that the risk of all-cause
mortality among people with diabetes was approximately double those of the general
population although relative risks vary with age, sex and SES, and are likely to differ
between populations and over time (Walker et al., 2011, Nwaneri et al., 2013).

SES influences risk of CVD and all-cause mortality in people with and without
diabetes. Evidence from developed countries shows that low SES, either measured
by educational level, income or area-based measure of SES, is associated with an
increased risk of CVD and all-cause mortality in both general populations
(Mackenbach et al., 2008, Clark et al., 2009, Stringhini et al., 2010) and people with
diabetes (Walker et al., 2011, Saydah et al., 2013, Rawshani et al., 2016).
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The explanations for the association of SES with health outcomes in people with
diabetes are multi-factorial. A review of the topic indicates that SES may influence
health outcomes in people with diabetes through individual health behaviours (e.g.
smoking, physical activity), access to healthcare (e.g. health insurance coverage) and
process of healthcare (e.g. regular measurement of blood pressure, HbA1c and
cholesterol levels) (Brown et al., 2004). The exact mechanisms may vary across
populations in different countries. Studies on SES and complications of diabetes in
Chinese populations are limited.

In this chapter, I describe the association between SES and incident/recurrent CVD
and all-cause mortality in Hong Kong Chinese people with type 2 diabetes using
prospective data from the Joint Asia Diabetes Evaluation (JADE) Program. In
addition, I investigate the role of some potential mediating variables linking SES and
incident/recurrent CVD and all-cause mortality in Hong Kong Chinese people with
type 2 diabetes.

7.2 Methods
7.2.1 Study population and data collection
The rationale, design and implementation of the JADE Program have been published
previously (Chan et al., 2009, Ko et al., 2010). The JADE Program is a diseasemanagement program implemented using an electronic portal that systematically
captures clinical characteristics, including risk factors and complications, of people
with diabetes to create a diabetes register with built in risk engines to generate a
personalised report with decision support. The JADE Program was established in
2007 and started to enrol people diagnosed with diabetes from three public hospitalbased diabetes centers, one public community-based clinic and one university-
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affiliated self-funded nurse-led diabetes centre in Hong Kong with a weekly
enrolment of 30-40 ambulatory patients. There were no other entry criteria for
enrolment. All participating patients are given informed written consent. The JADE
Program was approved by the Chinese University of Hong Kong Clinical Research
Ethics Committee.

Between June 1, 2007 and June 30, 2017, 18493 Hong Kong Chinese people were
enrolled in the JADE Program. For my analyses, I excluded 341 people with type 1
diabetes and included people with unspecified diabetes (n=320) under the
assumption that most of these people would have type 2 diabetes. I further excluded
1739 people with missing data, leaving 16413 people for the final analyses. The
cohort selection is illustrated in Figure 21.

18493 people enrolled in JADE Program
between June 1, 2007 and June 30, 2017
341 people with type 1 diabetes excluded

18152 people with type 2 and unspecified (n=320) diabetes
1739 people with missing data excluded
16413 people with complete data for primary analyses
3779 people with baseline prevalent CVD excluded

12634 people with complete data and without
baseline prevalent CVD for sensitivity analyses

Figure 21. Flowchart describing selection of people with type 2 diabetes enrolled
in the JADE Program between 2007 and 2017 and with complete data available
for investigation of the association between education level and
incident/recurrent CVD or all cause-mortality
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7.2.2 Assessment of exposure
All participants underwent comprehensive assessment guided by structured
assessment forms including recording of socio-demographic factors, lifestyle factors,
medical history, current medication use, physical examination and laboratory testing
based on the JADE protocol at enrolment (Ko et al., 2010). I used the highest
educational level an individual attained to describe participants’ SES using
information from the baseline questionnaire. The highest educational level included:
1. Primary school or below (≤6 years)
2. Middle or high school (>6 and ≤13 years)
3. University or above (>13 years)

7.2.3 Assessment of outcome
The outcomes of this study were incident/recurrent CVD and death. Information on
incident/recurrent CVD was identified using the principal diagnosis on hospital
discharge records as coded by the Ninth Revision of the International Classification
of diseases (ICD-9) from the Hong Kong Hospital Authority (HA) Central Computer
System. The HA is the governing body of all public-funded hospitals and outpatient
clinics in Hong Kong. Clinical information on people attending public hospitals in
Hong Kong and clinics is continuously recorded by the HA Central Computer
System. Healthcare in Hong Kong is heavily subsidised and as such, the majority of
Hong Kong people seek care for acute and chronic illnesses in the public sector. It is
estimated that about 95% of the total hospital bed days and 80% of the outpatient
visits in Hong Kong occur in the public sector (Luk et al., 2014). Data for
participants in the JADE Program and HA Central Computer System were linked
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using a unique Hong Kong Identity Card number held by all Hong Kong residents.
Information on death was identified from linkage to the Hong Kong Death Register
where cause of death is also identified by ICD-9 codes. For my analyses, CVD
included any coronary heart disease (ICD-9 codes 410-414, and procedure codes 36
and 00.66), congestive heart failure (ICD-9 code 428), stroke (ICD-9 codes 430-438)
and peripheral vascular disease (ICD-9 codes 250.7, 785.4, 443.81 and 443.9, and
procedure codes 39.29, 39.90, and 84.1 without ICD-9 codes 895-897).

Entry date to the cohort was the date when people were enrolled into the JADE
Program. Exit date for CVD analyses was the date of the first incident/recurrent
CVD event, or June 30, 2017 for people who neither died nor had a CVD event
recorded by that date, with censoring at the date of death where appropriate. Exit
date for mortality analyses was date of death, or June 30, 2017 for survivors to that
date. Follow-up time was calculated from entry date to exit date or to censoring.

7.2.4 Assessment of covariates
Covariates were obtained from the baseline questionnaires and comprehensive
assessment of participants based on the JADE protocol. They included age at
enrolment (continuous), age at diagnosis of diabetes (continuous), sex (men or
women), duration of diabetes at enrolment (continuous), family history of diabetes,
current smoking (yes or no), current use of alcohol (yes or no), regular physical
activity (≥3 times/week) (yes or no), good adherence to balanced diet (yes or no),
regular medical follow-up (≥ 1 time/year) (yes or no), attendance at diabetes
education (yes or no), use of oral antidiabetic drugs (yes or no), use of insulin
treatment (yes or no), use of antihypertensive drugs (yes or no), use of lipid lowering
drugs (yes or no); presence of or data on the following variables at enrolment: history
of CVD (yes or no), diabetic retinopathy (yes or no), sensory neuropathy (yes or no),
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chronic kidney disease (yes or no), end-stage renal disease (yes or no), albuminuria
(yes or no), and cancer (yes or no) BMI (continuous), waist circumference
(continuous), SBP (continuous), DBP (continuous), HbA1c (continuous), FPG
(continuous), high-density lipoprotein (HDL) (continuous), low-density lipoprotein
(LDL) (continuous) and triglycerides (continuous).

7.2.5 Statistical analysis
I described baseline characteristics of participants by educational level. I used oneway analysis of variance to compare continuous variables with a normal distribution,
used Kruskal-Wallis test to compare continuous variables with a skewed distribution,
and used Chi-square tests to compare categorical variables. I used Cox regression
models to estimate HRs and 95% CIs for the association between educational level
and incident/recurrent CVD and all-cause mortality, adjusting for age at diagnosis of
diabetes, sex, family history of diabetes and diabetes duration at enrolment in the
basic model 1. Potential mediating variables were selected based on prior knowledge
of underlying mechanisms linking SES and CVD and all-cause mortality (Brown et
al., 2004). I created several further models in order to investigate the potential
mediating roles separately for health-related behaviours, treatment received, baseline
prevalent diabetes-related complications and metabolic risk factors between
educational level and CVD and all-cause mortality, and compare their contributions.
Health-related behaviours (current smoking, regular use of alcohol, regular physical
activity, adherence to balanced diet) were added to model 1 to create model 2. For
model 3 I added current treatment (regular medical follow-up, record of attending
diabetes education, use of oral antidiabetic drugs, insulin, antihypertensive drugs and
lipid lowering drugs) to the basic model. Baseline prevalent diabetes-related
complications (CVD, albuminuria, diabetic retinopathy, sensory neuropathy, endstage renal disease, chronic kidney disease and cancer) were added to create model 4.
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Model 5 included baseline metabolic risk factors (BMI, waist circumference, SBP,
DBP, HbA1c, FPG, LDL, HDL and triglyceride). Finally, all variables were included
in model 6. Figure 22 shows the confounders and potential mediating variables
between educational level and incident/recurrent CVD and all-cause mortality in
JADE. I checked the Cox proportional hazards assumption using Schoenfeld
residuals and found no evidence of violation.

I performed likelihood ratio tests for models including interaction terms to test
whether age at diagnosis of diabetes (<50 and ≥50 years), sex and diabetes duration
(<7 and ≥7 years) modified the association between educational level and
incident/recurrent CVD or all-cause mortality. The cut points were chosen because
they are close to the mean age at diagnosis of diabetes and to the median value of
diabetes duration in the study population. Potential effect modifiers were selected
based on previous studies reporting interactions between age, sex and duration of
diabetes and SES on CVD and all-cause mortality (Walker et al., 2011, Jackson et al.,
2012). I performed a sensitivity analysis to describe the association between
educational level and incident CVD after excluding people with prevalent CVD at
enrolment. I used competing risk regression models (Fine and Gray, 1999) to
estimate the subdistribution hazard ratios (sHR), with death not due to CVD as the
competing risk, to establish whether it was appropriate to report the association
between educational level and CVD using Cox proportional hazards models. I
compared the characteristics of people with and without complete data. I performed
all analyses using R software (version 3.3.3).
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Confounders
Age at diagnosis of diabetes, sex, family
history of diabetes and diabetes duration

Potential mediating variables


Educational level







Health-related behaviours (smoking, alcohol, physical
activity, good adherence to balanced diet)
Treatment (medical follow-up, diabetes education,
used of oral antidiabetic drugs, insulin,
antihypertensive drugs and lipid lowering drugs)
Baseline prevalent complications (CVD, albuminuria,
diabetic retinopathy, sensory neuropathy, end-stage
renal disease, chronic kidney disease and cancer)
Baseline metabolic risk factors (BMI, waist
circumference, SBP, DBP, HbA1c, FPG, LDL, HDL,
and triglyceride)




Incident/recurrent CVD
All-cause mortality

Figure 22. Confounders and potential mediating variables in the association between educational level and incident/current CVD
and all-cause mortality in JADE
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7.3 Results
7.3.1 Characteristics of JADE participants included for analyses and
patterns of covariates with educational level
Among 16413 people included in the analyses, 45.6% were women, 10.8% were in
the highest educational category (university or above) and 44.1% were in the lowest
educational category (primary school or below). Mean (SD) age was 52.0 (11.2)
years at diagnosis of diabetes and was 60.9 (10.5) years at enrolment. Compared with
participants with the lowest educational level, those with the highest educational
level were younger at diagnosis of diabetes, had shorter diabetes duration, included
higher proportions of men and people with a family history of diabetes, were more
likely to consume alcohol, less likely to engage in regular physical activity, to adhere
to balanced diet and to smoke. In addition, participants with the highest educational
level had lower prevalence of diabetes-related complications including CVD,
diabetic retinopathy, sensory neuropathy, end-stage renal disease, chronic kidney
disease, albuminuria and cancer. They were less likely to receive regular medical
follow-up, have received diabetes education, use insulin, antihypertensive drugs and
lipid lowering drugs. Furthermore, they had better metabolic risk factors patterns at
enrolment than participants with the lowest educational level, including lower SBP,
HbA1c, FPG values and lower prevalence of hypertension (Table 66). There were
statistically significant differences in several characteristics between participants
with and without complete data (Table 67). Participants with complete data were
older at enrolment, were more likely to report regular physical activity, have regular
medical follow-up, use oral antidiabetic drugs, antihypertensive drugs and lipid
lowering drugs, and had lower triglycerides value than participants without complete
data. However, the absolute differences in these variables were very small.
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Table 66. Characteristics of people with type 2 diabetes and with complete data
(n=16413) enrolled in the JADE Program between 2007 and 2017 according to
educational level
Educational level
Primary school or

Middle or high

University or

Age at diagnosis of diabetes (yr)

below
55.1
(11.3)
(n=7232)

school
49.5
(10.4)
(n=7405)

above
49.5
(10.8)
(n=1776)

Age at enrolment (yr)

65.3 (9.8)

57.5 (9.6)

57.2 (10.6)

<0.001

4335 (59.9)

2686 (36.3)

458 (25.8)

<0.001

Variable

Women
Diabetes duration (yr), median (IQR)

p value
<0.001

8.0 (3-15)

6.0 (2-12)

6.0 (2-12)

<0.001

3346 (46.3)

4645 (62.7)

1217 (68.5)

<0.001

Current smoking

736 (10.2)

962 (13.0)

150 (8.4)

<0.001

Current use of alcohol

1610 (22.3)

2559 (34.6)

671 (37.8)

<0.001

Regular physical activity

3845 (53.2)

3292 (44.5)

805 (45.3)

<0.001

Good adherence to balanced diet

3986 (55.1)

3810 (51.5)

918 (51.7)

<0.001

Regular medical follow-up

7090 (98.0)

7138 (96.4)

1680 (94.6)

<0.001

Diabetes education

5645 (78.1)

5560 (75.1)

1230 (69.3)

<0.001

Oral antidiabetic drugs

6151 (85.1)

6312 (85.2)

1505 (84.7)

0.86

Insulin

1972 (27.3)

1610 (21.7)

347 (19.5)

<0.001

Antihypertensive drugs

5175 (71.6)

4496 (60.7)

1061 (59.7)

<0.001

Lipid lowering drugs

3954 (54.7)

3724 (50.3)

932 (52.5)

<0.001

CVD

2000 (27.7)

1431 (19.3)

348 (19.6)

<0.001

Diabetic retinopathy

2222 (30.7)

1886 (25.5)

350 (19.7)

<0.001

Family history of diabetes
Health-related behaviours

Treatment

Baseline prevalent complications

Sensory neuropathy

548 (7.6)

325 (4.4)

66 (3.7)

<0.001

Chronic kidney disease

2069 (28.6)

1203 (16.2)

244 (13.7)

<0.001

End-stage renal disease

118 (1.6)

83 (1.1)

18 (1.0)

0.012

3328 (46.0)

2745 (37.1)

551 (31.0)

<0.001

507 (7.0)

387 (5.2)

96 (5.4)

<0.001

BMI (kg/m2)

25.9 (4.2)

26.0 (4.3)

26.2 (4.4)

0.009

Waist circumference (men), cm

91.6 (10.4)

91.6 (10.6)

92.5 (10.8)

0.010

Albuminuria
Cancer
Metabolic risk factors

Waist circumference (women), cm

87.5 (10.8)

86.1 (11.1)

85.8 (11.1)

<0.001

Systolic blood pressure (mmHg)

139.4 (19.4)

133.7 (18.1)

131.3 (17.1)

<0.001

Diastolic blood pressure (mmHg)

77.3 (10.6)

78.8 (10.6)

78.4 (10.2)

<0.001

Hypertension*

6281 (86.9)

5869 (79.3)

1382 (77.8)

<0.001

HbA1c, % (mmol/mol)

7.59 (59.5)

7.52 (58.7)

7.34 (56.7)

<0.001

Fasting plasma glucose (mmol/L)

7.80 (2.58)

7.80 (2.51)

7.72 (2.40)

0.42

HDL cholesterol (mmol/L)

1.33 (0.37)

1.29 (0.35)

1.27 (0.35)

0.021

LDL cholesterol (mmol/L)

2.58 (0.87)

2.61 (0.88)

2.55 (0.88)

0.020

Triglycerides (mmol/L)

1.52 (0.93)

1.56 (1.00)

1.57 (0.98)

0.021

CVD: cardiovascular disease, BMI: body mass index, HbA1c: haemoglobin A1c, HDL: high-density lipoprotein,
LDL: low-density lipoprotein. Data are mean (SD) or n (%), unless otherwise indicated. *Hypertension defined as
systolic blood pressure ≥130 or diastolic blood pressure ≥80 or taking antihypertensive drugs.
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Table 67. Characteristics of participants with (n=16413) and without (n=18152)
complete data at enrolment in the JADE Program between 2007 and 2017
Participants
Participants with

without complete

complete data

data

(n=16413)

(n=18152)

p value

Age at diagnosis of diabetes (yr)

52.0 (11.2)

52.0 (11.3)

0.94

Age at enrolment (yr)

60.9 (10.5)

60.1 (11.7)

<0.001

Women

7479 (45.6)

8302 (45.7)

0.76

7.0 (2-14)

7.0 (2-14)

0.94

Primary school or below

7232 (44.1)

7792 (43.1)

Middle or high school

7405 (45.1)

8212 (45.4)

University or above

1776 (10.8)

2070 (11.5)

0.080

9208 (56.1)

10168 (56.0)

0.88

Current smoking

1848 (11.3)

2115 (11.7)

0.26

Current use of alcohol

4840 (29.5)

5388 (29.7)

0.68

Regular physical activity

7942 (48.4)

8503 (47.0)

0.010

Good adherence to balanced diet

8714 (53.1)

9614 (53.1)

0.99

Regular medical follow-up

15908 (96.9)

17483 (96.4)

0.007

Diabetes education

12435 (75.8)

13776 (76.1)

0.46

Oral antidiabetic drugs

13968 (85.1)

15259 (84.1)

0.008

Insulin

3929 (23.9)

4386 (24.2)

0.64

Antihypertensive drugs

10732 (65.4)

11634 (64.2)

0.018

Lipid lowering drugs

8610 (52.5)

9305 (51.3)

0.030

CVD

3779 (23.0)

4138 (22.8)

0.62

Diabetic retinopathy

4458 (27.2)

4867 (27.0)

0.70

Sensory neuropathy

939 (5.7)

1027 (5.7)

0.82

Chronic kidney disease

3516 (21.4)

3877 (21.4)

0.90

End-stage renal disease

219 (1.3)

267 (1.5)

0.30

6624 (40.4)

7207 (40.6)

0.67

990 (6.0)

1069 (5.9)

0.59

BMI, kg/m2

26.0 (4.3)

26.1 (4.4)

0.075

Waist circumference (men), cm

91.7 (10.6)

91.8 (10.7)

0.50

Waist circumference (women), cm

86.9 (11.0)

86.9 (11.1)

0.99

Systolic blood pressure (mmHg)

136.0 (18.9)

135.7 (18.9)

0.11

Diastolic blood pressure (mmHg)

78.1 (10.6)

78.0 (10.6)

0.53

Variable

Diabetes duration (yr), median (IQR)
Educational level

Family history of diabetes
Health-related behaviours

Treatment

Baseline prevalent complications

Albuminuria
Cancer
Metabolic risk factors
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Participants
Participants with

without complete

complete data

data

(n=16413)

(n=18152)

p value

13532 (82.4)

14780 (81.5)

0.017

HbA1c, % (mmol/mol)

7.53 (58.8)

7.55 (59.0)

0.25

Fasting plasma glucose (mmol/L)

7.79 (2.53)

7.83 (2.61)

0.19

HDL cholesterol (mmol/L)

1.31 (0.36)

1.31 (0.37)

0.43

LDL cholesterol (mmol/L)

2.59 (0.88)

2.60 (0.89)

0.46

Triglycerides (mmol/L)

1.54 (0.97)

1.64 (1.43)

<0.001

Variable

Hypertension*

CVD: cardiovascular disease, BMI: body mass index, HbA1c: haemoglobin A1c, HDL: high-density lipoprotein,
LDL: low-density lipoprotein. Data are mean (SD) or n (%), unless otherwise indicated. *Hypertension defined as
systolic blood pressure ≥130 or diastolic blood pressure ≥80 or taking antihypertensive drugs. Missing data for
participants without complete data were 733 for age at diagnosis of diabetes, 1 for age at enrolment, 733 for
diabetes duration, 5 for smoking, 8 for use of alcohol, 6 for regular physical activity, 40 for good adherence to
balanced diet, 15 for regular medical follow-up, 52 for diabetes education, 19 for antihypertensive drugs, 11 for
lipid lowering drugs, 107 for diabetic retinopathy, 5 for sensory neuropathy, 397 for albuminuria, 62 for BMI, 52
for waist circumference, 7 for SBP, 8 for DBP, 8 for hypertension, 31 for HbA1c, 76 for FPG, 88 for HDL, 340
for LDL, and 76 for triglycerides.

7.3.2 Association between educational level and incident/recurrent
CVD and all-cause mortality
During median (IQR) follow-up of 5.8 (3.9-7.1) years for CVD and 6.1 (3.9-7.1)
years for all-cause mortality, 2133 incident/recurrent CVD events and 1504 deaths
were recorded, with crude CVD and mortality rates of 23.4 and 15.6 per 1000
person-years respectively. The number of events, duration of follow-up and event
rates by educational level are shown in Table 68. The age and sex-standardised
incident/recurrent CVD event rate and all-cause mortality rate decreased with
increasing educational level. The Kaplan-Meier curves for incident/recurrent CVD
and all-cause mortality by educational level are shown in Figure 23.
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Table 68. Number of events, follow-up and CVD and all-cause mortality rates
according to educational level in people with type 2 diabetes and with complete
data (n=16413) enrolled in the JADE Program between 2007 and 2017
Educational level
Primary school

Middle or high

University

or below

school

or above

(n=7232)

(n=7405)

(n=1776)

No. of events

1174

771

168

No. of person-years

38674

41590

10076

30.4

18.5

16.7

30.8

18.1

15.5

935

483

86

41920

43860

10635

22.3

11.0

8.1

22.8

10.5

7.1

Event
Incident/recurrent CVD

Crude event rate (no./1000 person-years)
Age and sex-standardised event rate
(no./1000 person-years)
All-cause mortality
No. of events
No. of person-years
Crude event rate (no./1000 person-years)
Age and sex-standardised* event rate
(no./1000 person-years)

*Total population included in the analysis by age at diabetes diagnosis (quartiles) and sex is used as
the standard population.

Figure 23. Kaplan-Meier curves for incident/recurrent CVD and all-cause
mortality by educational level among JADE participants with complete data
who were enrolled between 2007 and 2017
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After adjustment for age at diabetes diagnosis, sex, diabetes duration and family
history of diabetes, a statistically significant inverse association was observed
between educational level and both incident/recurrent CVD, and all-cause mortality
(Table 69 and Table 70). The adjusted HRs for incident/recurrent CVD and all-cause
mortality were 0.74 (95% CI: 0.63, 0.88) and 0.60 (95% CI: 0.48, 0.75), respectively,
for the highest compared to the lowest educational level. Values for the middle
educational group compared to the lowest educational group were 0.86 (95% CI:
0.78, 0.95) and 0.89 (95% CI: 0.79, 1.00). The strength of both associations was
attenuated after further adjustment for health-related behaviours, current treatment,
baseline prevalent diabetes-related complications, or baseline metabolic risk factors,
with baseline prevalent diabetes-related complications and metabolic risk factors
making the largest contributions. The association between educational level and
incident/recurrent CVD became non-statistically significant after further adjustment
for all potential mediating variables. However, the inverse association between
educational level and all-cause mortality remained statistically significant in the fully
adjusted model. The competing risk regression models gave similar results to the
Cox regression models, indicating little evidence for an important effect of
competing risk from non-CVD death (Table 71).

The only evidence for interaction I identified was that the beneficial effect of higher
educational level on all-cause mortality was more pronounced in people aged less
than 50 years at diagnosis of diabetes than in the group who were aged 50 years or
more at diagnosis of diabetes (Table 72). The sensitivity analysis excluding people
with baseline prevalent CVD at enrolment resulted in similar associations to those
reported in my primary analyses (Table 73).
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Table 69. Hazard ratios (95% CIs) for incident/recurrent CVD according to educational level in models including different covariates in people with type 2 diabetes and with complete data (n=16413) enrolled in the JADE Program between 2007 and 2017
Educational level
Primary school or
below (reference)
Cox models

Middle or high school

University or above

HR

HR (95% CI)

p value

HR (95% CI)

p value

Model 1

1

0.86 (0.78, 0.95)

0.004

0.74 (0.63, 0.88)

<0.001

Model 2

1

0.88 (0.80, 0.97)

0.012

0.77 (0.65, 0.91)

0.002

Model 3

1

0.88 (0.80, 0.98)

0.015

0.78 (0.66, 0.92)

0.004

Model 4

1

0.91 (0.82, 1.00)

0.060

0.83 (0.70, 0.99)

0.033

Model 5

1

0.92 (0.83, 1.02)

0.097

0.84 (0.71, 1.00)

0.044

Model 6

1

0.95 (0.86, 1.05)

0.33

0.92 (0.77, 1.09)

0.310

Model 1: adjusted for age, sex, diabetes duration and family history of diabetes.
Model 2: model 1 + health behaviours (including smoking, use of alcohol, physical activity and adherence to balanced diet).
Model 3: model 1 + treatment (including regular medical follow-up, diabetes education, oral anti-diabetic drugs, use of insulin, antihypertensive drugs and lipid regulating drugs).
Model 4: model 1 + baseline prevalent complications (including cardiovascular disease, cancer, albuminuria, diabetic retinopathy, sensory neuropathy, end-stage renal disease and chronic
kidney disease).
Model 5: model1 + baseline metabolic risk factors (BMI, waist circumference, SBP, DBP, HbA1c, FPG, HDL, LDL, and triglycerides).
Model 6: adjusted for all variables listed above.
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Table 70. Hazard ratios (95% CIs) for all-cause mortality according to educational level in models including different co-variates in
people with type 2 diabetes and with complete data (n=16413) enrolled in the JADE Program between 2007 and 2017
Educational level
Primary school or
below (reference)
Cox models

Middle or high school

University or above

HR

HR (95% CI)

p value

HR (95% CI)

p value

Model 1

1

0.89 (0.79, 1.00)

0.047

0.60 (0.48, 0.75)

<0.001

Model 2

1

0.91 (0.80, 1.02)

0.11

0.63 (0.50, 0.79)

<0.001

Model 3

1

0.91 (0.80, 1.02)

0.11

0.66 (0.52, 0.82)

<0.001

Model 4

1

0.91 (0.81, 1.03)

0.14

0.69 (0.55, 0.87)

0.002

Model 5

1

0.93 (0.82, 1.05)

0.23

0.68 (0.54, 0.85)

<0.001

Model 6

1

0.94 (0.83, 1.06)

0.32

0.77 (0.62, 0.97)

0.029

Model 1: adjusted for age, sex, diabetes duration and family history of diabetes.
Model 2: model 1 + health behaviours (including smoking, use of alcohol, physical activity and adherence to balanced diet).
Model 3: model 1 + treatment (including regular medical follow-up, diabetes education, oral anti-diabetic drugs, use of insulin, antihypertensive drugs and lipid regulating drugs).
Model 4: model 1 + baseline prevalent complications (including cardiovascular disease, cancer, albuminuria, diabetic retinopathy, sensory neuropathy, end-stage renal disease and chronic
kidney disease).
Model 5: model1 + baseline metabolic risk factors (BMI, waist circumference, SBP, DBP, HbA1c, FPG, HDL, LDL, and triglycerides).
Model 6: adjusted for all variables listed above.
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Table 71. Subdistribution hazard ratios (95% CIs) for incident CVD according to educational level in people with type 2 diabetes and with
complete data (n=16413) at enrolment in the JADE Program between 2007 and 2017
Educational level
Primary school or below
Subdistribution hazard
ratios

(reference)

Middle or high school

University or above

sHR

sHR (95% CI)

p value

sHR (95% CI)

p value

Model 1

1

0.87 (0.78, 0.96)

0.056

0.75 (0.64, 0.89)

<0.001

Model 2

1

0.88 (0.80, 0.98)

0.015

0.78 (0.66, 0.92)

0.037

Model 3

1

0.89 (0.80, 0.98)

0.018

0.79 (0.66, 0.93)

0.051

Model 4

1

0.91 (0.82, 1.01)

0.084

0.85 (0.72, 1.01)

0.060

Model 5

1

0.92 (0.83, 1.02)

0.096

0.85 (0.71, 1.01)

0.052

Model 6

1

0.95 (0.86, 1.06)

0.36

0.92 (0.78, 1.10)

0.37

Model 1: adjusted for age, sex, diabetes duration and family history of diabetes.
Model 2: model 1 + health behaviours (including smoking, use of alcohol, physical activity and adherence to balanced diet).
Model 3: model 1 + treatment (including regular medical follow-up, diabetes education, oral anti-diabetic drugs, use of insulin, antihypertensive drugs and lipid regulating drugs).
Model 4: model 1 + baseline prevalent complications (including cardiovascular disease, cancer, albuminuria, diabetic retinopathy, sensory neuropathy, end-stage renal disease and chronic
kidney disease).
Model 5: model 1 + baseline metabolic risk factors (BMI, waist circumference, SBP, DBP, HbA1c, FPG, HDL, LDL, and triglycerides).
Model 6: adjusted for all variables listed above.
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Table 72. Hazard ratios (95% CIs) for incident/recurrent CVD and all-cause mortality according to educational level in strata for
age, sex and diabetes duration
Educational level
Primary school or below
Middle or high school

(reference)
HR

HR (95% CI)

<50 years

1

≥50 years

1

Men
Women

Subgroups

University or above

p value

HR (95% CI)

p value

p value for interaction

0.92 (0.78, 1.09)

0.34

0.74 (0.57, 0.96)

0.026

0.54

0.82 (0.73, 0.94)

0.003

0.74 (0.60, 0.93)

0.008

1

0.85 (0.75, 0.96)

0.008

0.74 (0.61, 0.89)

0.002

1

0.91 (0.77, 1.08)

0.30

0.69 (0.47, 1.02)

0.066

<7 years

1

0.90 (0.76, 1.08)

0.25

0.72 (0.54, 0.97)

0.028

≥7 years

1

0.85 (0.75, 0.96)

0.010

0.76 (0.62, 0.93)

0.009

<50 years

1

0.98 (0.79, 1.21)

0.83

0.39 (0.24, 0.63)

<0.001

≥50 years

1

0.84 (0.73, 0.97)

0.019

0.71 (0.55, 0.92)

0.009

Men

1

0.92 (0.79, 1.06)

0.25

0.65 (0.51, 0.84)

<0.001

Women

1

0.83 (0.67, 1.04)

0.10

0.42 (0.23, 0.76)

<0.001

<7 years

1

0.85 (0.69, 1.05)

0.13

0.64 (0.44, 0.94)

0.021

≥7 years

1

0.91 (0.78, 1.05)

0.19

0.58 (0.44, 0.77)

<0.001

Incident/recurrent CVD
Age at diagnosis of diabetes

Sex
0.51

Diabetes duration
0.31

All-cause mortality
Age at diagnosis of diabetes
0.034

Sex
0.13

Diabetes duration

All models were adjusted for age at diagnosis of diabetes, sex (as appropriate), diabetes duration and family history of diabetes.
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0.93

Table 73. Hazard ratios (95% CIs) for incident CVD according to educational level in people with type 2 diabetes and with
complete data and without prevalent CVD (n=12634) at enrolment in the JADE Program between 2007 and 2017
Educational level
Primary school or
below (reference)
Cox models

Middle or high school

University or above

HR

HR (95% CI)

p value

HR (95% CI)

p value

Model 1

1

0.87 (0.75, 1.00)

0.055

0.73 (0.57, 0.94)

0.014

Model 2

1

0.90 (0.78, 1.04)

0.15

0.79 (0.62, 1.01)

0.064

Model 3

1

0.88 (0.76, 1.02)

0.10

0.75 (0.59, 0.97)

0.026

Model 4

1

0.90 (0.78, 1.05)

0.18

0.80 (0.62, 1.03)

0.079

Model 5

1

0.92 (0.80, 1.07)

0.29

0.84 (0.65, 1.07)

0.16

Model 6

1

0.97 (0.83, 1.12)

0.65

0.92 (0.71, 1.18)

0.51

Model 1: adjusted for age, sex, diabetes duration and family history of diabetes.
Model 2: model 1 + health behaviours (including smoking, use of alcohol, physical activity and adherence to balanced diet).
Model 3: model 1 + treatment (including regular medical follow-up, diabetes education, oral anti-diabetic drugs, use of insulin, antihypertensive drugs and lipid regulating drugs).
Model 4: model 1 + baseline prevalent complications (including cancer, albuminuria, diabetic retinopathy, sensory neuropathy, end-stage renal disease and chronic kidney disease).
Model 5: model 1 + baseline metabolic risk factors (BMI, waist circumference, SBP, DBP, HbA1c, FPG, HDL, LDL, and triglycerides).
Model 6: adjusted for all variables listed above.
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7.4 Discussion
Using data from the JADE program, I found a clear socioeconomic gradient in two
key health outcomes in a contemporary cohort of Hong Kong Chinese people with
type 2 diabetes, with higher educational level being associated with a decreased risk
of CVD and all-cause mortality. Compared with participants with an educational
level of primary school or below, those with university education or above had 26%
(95% CI: 12%, 37%) and 40% (95% CI: 25%, 52%) lower risk of incident/recurrent
CVD and all-cause mortality over approximately six years follow-up, respectively.
Diabetes-related complications and metabolic risk factors appeared to make major
contributions to the observed disparities.

7.4.1 Limitations and strengths of this study
This study has some limitations. The most important limitation was that the
approximately 18500 participants enrolled in the JADE Program represent only a
very small proportion of Hong Kong Chinese people with type 2 diabetes. According
to health records from the public sector in Hong Kong, about 697201 Hong Kong
residents aged 20 years or more had diabetes in 2006-2014 defined by any one of (a)
WHO 2011 guidelines, (b) random plasma glucose ≥ 11.1 mmol/l (≥ 200 mg/dl) on
two occasions, (c) diagnosis code for diabetes based on ICD-9, (d) dispensation of
antihyperglycemic medication, with an overall prevalence of 10.29% (95% CI:
10.27%, 10.32%) (Quan et al., 2017). Participants included in my analyses had
younger mean age at diagnosis of diabetes (52.0 years, SD=11.2), and lower
proportion of women (45.6%) compared to people with diabetes identified from
public sector health records, who had a mean age at diagnosis of diabetes of 61.3
(SD=14.3) years, and 49.6% were women. Thus, participants in JADE Program are
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probably not representative of the Hong Kong Chinese population with diabetes. If
there were smaller inequalities in all-cause mortality among older than younger
people, it was possible that socioeconomic differences observed in this study were
greater than those in all Hong Kong Chinese with diabetes.

Educational attainment only represents one component of a person’s SES. As
information on other measures of SES was not available in JADE database, I was not
able to investigate whether the effects of education on risk of CVD and all-cause
mortality were independent of other SES measures such as income. Moreover, a
statistically significant association between educational level and all-cause mortality
remained after adjustment for all variables, suggesting that residual or unmeasured
confounding or other potential mediating factors, such as psychosocial stress which
were not routinely collected in the assessment at enrolment might contribute to
socioeconomic inequalities. Information on some important confounding variables
between SES and incident/recurrent CVD were also not available in this study, such
as family history of CVD, which is an important risk factor for developing CVD and
may also be patterned by SES (Kolber and Scrimshaw, 2014). In addition, a single
time-point assessment of health-related behaviours and metabolic risk factors at
enrolment might not be sensitive enough to measure their cumulative effects on long
term health outcomes or to investigate potential interactions with SES. Furthermore,
this study only included two key outcomes among people with diabetes. Further
studies are needed to describe the association between SES and other complications
of diabetes such as diabetic neuropathy and nephropathy.

Despite these limitations, this study has several strengths. First, to the best of my
knowledge, this was the first study to describe the association between SES and
incident/recurrent CVD in a Hong Kong population of people with type 2 diabetes.
Second, the outcome ascertainment in this study was complete and accuracy of
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recording is unlikely to differ markedly by educational level. The public hospitals
and clinics in Hong Kong provide a comprehensive range of services of high quality
with very low charges. Thus, access to public hospitals and clinics is unlikely to be
affected by SES or people’s payment ability, given the universal and equitable
healthcare system in Hong Kong (Kong et al., 2015). Data from JADE have shown
that more than 97% of participants reported having regular medical follow-up more
than once a year at enrolment, indicating there was unlikely to be socioeconomic
difference in CVD ascertainment in the JADE population. In addition, I used
competing risk regression models to confirm that there was no evidence of presence
of competing risk from death from other causes for incident/recurrent CVD.
Furthermore, the JADE Program had data from a comprehensive demographic and
clinical assessment of participants at baseline, which enabled me to explore the role
of various pathways linking educational level and risk of CVD and all-cause
mortality.

7.4.2 Potential explanations for the findings in this study
Previous studies have reported inverse associations between SES and incident CVD
in general populations (Clark et al., 2009) and with all-cause mortality in both
general populations (Mackenbach et al., 2008, Stringhini et al., 2010) and people
with diabetes (Walker et al., 2011, Saydah et al., 2013, Rawshani et al., 2016).
However, there is limited information available about the association between SES
and incident CVD in people with type 2 diabetes. A prospective study of 11140
people with type 2 diabetes conducting in 20 countries reported that people with low
educational level had 31% (95% CI: 16%, 48%) increased risk of vascular events
compared to those with high educational level during a median of 5 years follow-up
(Blomster et al., 2017). Several studies have also reported that educational level was
inversely associated with incident CVD in type 1 diabetes (Secrest et al., 2011,
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Rawshani et al., 2015). For example, Rawshani et al. included 24947 people with
type 1 diabetes from Swedish Diabetes Register and found that, compared with
having ≤ 9 years of education, individuals with a university degree had 33% (95%
CI: 7%, 52%) lower risk of stroke during a median of 6 years follow-up (Rawshani et
al., 2015).

In the general Hong Kong Chinese population, SES, either measured by education or
income, was positively associated with CVD mortality using registered death data in
1976-1981 and 1985-1987, but this association was reversed in 2006 (Lam et al.,
1984, Wong and Donnan, 1992, Schooling et al., 2010). This epidemiological
transition is consistent with patterns in other countries where greater burden of noncommunicable diseases initially occurs in people with high SES, but later shifts
towards people with lower SES following economic development and urbanisation
(World Health Organization, 2010). This study of a contemporary Hong Kong
Chinese cohort indicates that, among Hong Kong Chinese with type 2 diabetes, there
is currently an inverse association between educational level and risk of CVD and
all-cause mortality. However, due to lack of data of people from earlier periods, I was
not able to explore whether the association between SES and risk of CVD and allcause mortality among people with type 2 diabetes in Hong Kong has changed over
time. Given the scarcity of similar data in type 2 diabetes, the results from this study
suggested that Hong Kong Chinese people with type 2 diabetes who did not have
university education may require special attention e.g. diabetes education and
ongoing support, although further research will be needed to test the effectiveness of
targeted interventions.

The observed socioeconomic inequalities in CVD and all-cause mortality were
consistent for men and women, and for participants with different diabetes duration.
However, I found the beneficial effect of educational level on all-cause mortality
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appeared to be more pronounced in younger participants, similar to the findings from
other studies (Gnavi et al., 2004, Walker et al., 2011). The potential explanation is
that with increasing age, biological factors may contribute more than socioeconomic
factors to determining health (Mirowsky and Ross, 2008). Besides, after retirement,
there are often greater reductions in some psychosocial risk factors in people with
low SES compared to people of higher SES, such as occupational stress (House et
al., 1994). On the other hand, in young people, lack of awareness or concern of long
term impacts of chronic disease such as diabetes, competing priorities and
psychosocial factors may interact with socioeconomic status to increase the longterm disease burden.

Various models have been proposed to explain socioeconomic inequalities in health
(Kaplan et al., 1996, Brown et al., 2004, Stringhini et al., 2010). Health-related
behaviours, access to health care and processes of care are considered to be the main
mechanisms linking SES and health outcomes among people with diabetes (Brown et
al., 2004). Generally, people with low SES in more developed countries have worse
patterns of health-related behaviours, less access to health care and are less likely to
receive important processes of care than people of high SES. However, in Hong
Kong, all citizens had access to highly subsidised care where integrated team-based
diabetes care, with nurse-coordinated diabetes centres are available to most hospitals
(Luk et al., 2017). Indeed, in the JADE Program participants with low educational
level had better patterns of health-related behaviours with more regular medical
follow-up and higher proportions of people receiving treatments for diabetes,
hypertension, and dyslipidaemia at enrolment. However, these participants were
older at diabetes diagnosis and had longer diabetes duration, which might contribute
to higher prevalence of diabetes-related complications, poorer metabolic control, and
greater requirement for medications and health care at baseline. In addition, longer
diabetes duration potentially gives participants more opportunities to receive diabetes
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education, which could result in an improvement of health-related behaviours that
may help improve the natural history of the condition. On the other hand, participants
with high educational level had greater health awareness and might have sought
medical attention earlier resulting in younger age at diagnosis of diabetes than among
people of lower educational level.

I found baseline diabetes-related complications and metabolic risk factors were more
common among participants with low educational level compared to those with high
educational levels, and the effect of educational level on CVD and mortality was
largely attenuated after adjustment for either diabetes-related complications or
metabolic risk factors. This finding suggests that educational level is likely to affect
the risk of CVD and all-cause mortality through the association with diabetes-related
complications and metabolic risk factors. This information is key for clinical
management of people with type 2 diabetes. There is conclusive evidence showing
that lower rates of diabetes-related complications and attaining multiple metabolic
targets could effectively reduce CVD risk and mortality in type 2 diabetes (Cheung et
al., 2007, Gæde et al., 2008, Afkarian et al., 2013, Zhao et al., 2013b). Therefore,
health care and social policies aimed at reducing socioeconomic inequalities in CVD
and all-cause mortality in type 2 diabetes should prioritise prevention and
management of diabetes-related complications and metabolic risk factors among
younger individuals with low educational level in Hong Kong. Though interventions
at the individual level can be expected to have beneficial effects on health outcomes,
policies are also needed to address the upstream determinants of health such as SES.
This study highlights the potential importance of universal education that can be
expected to have long term health impacts on Hong Kong Chinese people with type 2
diabetes.

251

7.5 Chapter summary
In this chapter, I used data from Hong Kong participants in the JADE Program, a
more economically developed area with epidemiological transition at a more
advanced stage than mainland China, and found that educational level was inversely
associated with risk of CVD and all-cause mortality among people with type 2
diabetes. These associations were markedly attenuated after adjustment for baseline
prevalent commodities and metabolic risk factors, which were likely to be key
mediating factors linking educational level and incident/recurrent and all-cause
mortality in Hong Kong Chinese people with type 2 diabetes.
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Chapter 8. Discussion
8.1 Summary of the findings of the thesis
The aim of this study was to describe the association between prevalence, incidence
and complications of type 2 diabetes in China. In order to answer the research
questions of the thesis, in Chapter 3, I conducted a systematic review of studies
reporting an association between SES (either measured by education, income or
occupation) and prevalent type 2 diabetes in mainland China, Hong Kong and
Taiwan. Fifty-five studies (33 in English and 22 in Chinese language) were included
in the systematic review. Results were inconsistent across studies from mainland
China, but a consistent inverse association between SES and prevalent diabetes were
found in studies from Hong Kong and Taiwan. The inconsistent results across studies
from mainland China might be related to the fact that most of these studies had small
sample sizes, were restricted to particular geographic areas that could be at different
stages of epidemiological transition, and the association between SES and diabetes
prevalence was rarely the primary research question. In addition, few of them
explored the association separately in men and women.

In subsequent chapters I conducted secondary analyses of several datasets describing
the association between SES and diabetes prevalence, incidence and complications in
Chinese populations. The key finding of each these studies are summarised in Table
74 and in the following paragraph. I analysed nationwide baseline cross-sectional
data from CHARLS and CKB in chapters 4 and 5, respectively, to describe the
association between SES and prevalent diabetes in different Chinese populations in
mainland China. Data from CHARLS and CKB provided strong and consistent
evidence that there was a sex difference in the association between educational level
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Table 74. Summary of the findings from CHARLS, CKB and JADE in this thesis
CHARLS

CKB

CKB

JADE

Sample size

4791 men and 5309 women

209352 men and 300867 women

197736 men and 282417 women

8934 men and 7479 women

Sample age

45 years or older

30-79 years

30-79 years

No entry criteria for age

Population

28 provinces in mainland China

10 study areas from mainland China

10 study areas from mainland China

Hong Kong Chinese with type 2 diabetes

Study year

2011-2012

2004-2008

From 2004-2008 to December 31, 2013

From June 1, 2007 to June 30, 2017

Exposure

Educational level and annual

Educational level and household

Educational level and household income

Educational level

Outcome

household living expenditure
Prevalent diabetes

income
Prevalent diabetes

Incident diabetes

Incident/recurrent CVD
All-cause mortality

Outcome diagnosis

Self-report, random PG or FPG or

method

Statistical method

HbA1c

Logistic regression models

Adjusted ORs/HRs
(95% CIs) for the

Education

highest compared
to lowest SES

Adjustment

Self-report, random PG or FPG

AHLE

Men

Women

1.53

0.91

(1.10, 2.15)

(0.64, 1.28)

1.20

1.22

(0.95, 1.52)

(0.98, 1.52)

Hospitalised events recorded from linkage

Incident CVD was identified from

with national health insurance, and with

hospital records, mortality was identified

disease and death registries

from linkage with death register

Cox regression models

Cox regression models

Logistic regression models

Education

Household
income

Men

Women

1.21

0.69

(1.09, 1.35)

(0.63, 0.76)

1.45

1.26

(1.34, 1.56)

(1.19, 1.34)

Education

Household
income

Men

Women

1.27

0.80

(1.07, 1.51)

(0.67, 0.95)

1.36

1.06

(1.19, 1.55)

(0.95, 1.17)

Men

Women

0.74

0.69

(0.61, 0.89)

(0.47, 1.02)

All-cause

0.65

0.42

mortality

(0.51, 0.84)

(0.23, 0.76)

Incident/recurrent
CVD

Age (continuous), residence, geographic

Age (continuous), study areas, family history

Stratified by 5-year age group, and study areas,

Age (continuous), diabetes duration and family

areas, educational level or AHLE (as

of diabetes, educational level or household

adjusted for age (continuous), family history of

history of diabetes

appropriate)

income (as appropriate), and household size

diabetes, educational level or household income (as

(for household income)

appropriate), and household size (for household
income)

FPG: fasting plasma glucose, HbA1c: haemoglobin A1c, CVD: cardiovascular disease., AHLE: annual household living expenditure
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and prevalent diabetes:
1. Educational level was positively associated with prevalent diabetes in men, while
there was an inverse association between educational level and prevalent diabetes
in women in both studies.
2. Household income (household expenditure as a proxy for household income in
CHARLS) was positively associated with prevalent diabetes in both men and
women in both studies.

In chapter 6, I used prospective data from CKB to describe the association between
SES and incident diabetes. The association of SES with incident diabetes was similar
to that with prevalent diabetes in that:
1. Educational level was positively associated with incident diabetes in men, while
there was an inverse association between educational level and incident diabetes
in women.
2. Household income was positively associated with incident diabetes in men, but
there was no significant association between household income and incident
diabetes in women.

In chapter 7, I used data from the JADE Program to describe the association between
educational level and incident/recurrent CVD and all-cause mortality in people with
type 2 diabetes. There was an inverse association between educational level and
incident/recurrent CVD and all-cause mortality in Hong Kong Chinese people with
type 2 diabetes.

This thesis also explored the potential mediating variables between SES and
prevalence, incidence and complications of diabetes. BMI appeared to be the most
important mediator linking SES and prevalence and incidence of diabetes in Chinese
populations in mainland China. Baseline prevalent diabetes-related complications
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and metabolic risk factors made the largest contributions to the association between
SES and risk of CVD and all-cause mortality in Hong Kong Chinese people with
type 2 diabetes.
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8.2 Limitations and strengths of the thesis
The limitations and strengths of each of the systematic review, CHARLS study, CKB
study and JADE study have been discussed in detail each relevant chapter. Here I
will discuss the limitations and strengths of combing the different components of the
work in this thesis.

Although participants from CHARLS and CKB included in the analyses were from
nationwide surveys, they are not nationally representative. Nationally representative
participants were originally recruited from 28 provinces in mainland China in
CHARLS. However, in my analyses, 43% of the participants were excluded due to
missing data, for example because a blood sample was not collected, leading to a
study sample that was not nationally representative. Participants in CKB were
recruited only from 10 areas in mainland China. China is a large country with a large
and diverse population. More than 1.3 billion Chinese people inhabit vastly diverse
geographic areas and live in varying economic conditions. Thus, data covering the
total population (e.g. census data, national health insurance data) or large-scale
surveys that produce nationally representative data would ideally be collected in
order to reflect the national situation. However, it is considerably more expensive
and time-consuming to conduct large-scare nationally representative surveys than to
conduct non-representative surveys. It is possible to weight unrepresentative data to
provide more nationally representative results using appropriate sampling and
statistical technical (Bell et al., 2012). In addition, national data may be neither
necessary nor appropriate for health policies that need to reflect different patterns in
different regions for a country, particularly one as diverse as China in which
socioeconomic conditions and health status are changing rapidly. Local data are
needed to reflect the local situation.
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Another limitation was that data on diabetes complications in mainland China
population were not available for analysis in this thesis. The association between
SES and complications of diabetes in Chinese people in mainland China is still not
clear. This thesis found that Hong Kong Chinese people with type 2 diabetes with
lower SES were at higher risk of CVD and all-cause mortality compared to their
counterparts of higher SES. However, the association between SES and health
outcomes differs greatly in developed and developing countries (World Health
Organization, 2010), and Hong Kong is currently at a much more advanced stage of
economic development and epidemiological transition than mainland China. Thus, it
is likely that the findings in Hong Kong population might not apply to the
populations in mainland China. Therefore, future studies are needed to describe the
effect of SES on diabetes complications in mainland China using reliable data, for
example using data from the recently established national diabetes registration
system, which covers 13 areas across mainland China (Weng et al., 2018).

The findings in this thesis may no longer represent current patterns of diabetes with
SES in China. The association between SES and NCDs shifts from being positive to
inverse during the epidemiological transition. China is undergoing rapid urbanisation
and economic development, which are contributing to rapid changes in people’s
lifestyle, exposure to environmental risk factors and the epidemiological transition
(Liu et al., 2017). The cross-sectional data were collected in 2004-2008 in CKB and
2011-2012 in CHARLS, and CKB follow-up data were available up to December
2013. Therefore, more recent data are required to confirm whether men with high
educational level and household income are still at the highest risk of developing
diabetes in mainland China, or whether this association with SES has reversed.

The classification of SES was not consistent in CHARLS and CKB. For example, the
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highest educational level in CHARLS was high school or above, while that in CKB
was college or above. Similarly, the method of diabetes ascertainment differed
between the two studies. For example, HbA1c was used in CHARLS but not in CKB
for identifying screen-detected diabetes. Additional using HbA1c for diabetes
diagnosis in Chinese populations will classify more people as ‘diabetic’ in the
CHARLS study than the CKB study in which only fasting and random glucose were
used (see Chapter 5, section 5.4.2, for details about the increase in prevalence of
screen-detected diabetes when HbA1c was used in China national diabetes survey in
2010). It should be noted that I used a HbA1c cut-off value of 6.5% to identify
screen-detected diabetes in CHARLS. This cut-point was based on the evidence from
the National Health and Nutrition Examination Survey in the US (Rohlfing et al.,
2000, Buell et al., 2007). However, the cut-off value may vary by ethnic group
(Bennett et al., 2007, Ding et al., 2018). Previous studies suggested that a lower
HbA1c cut-off value for diabetes diagnosis should be used in Chinese populations
(Ma et al., 2017). A small change in the cut-off value may result in large differences
in the number of people being diagnosed with diabetes in China. In summary,
heterogeneity in SES classification and diabetes definition were likely to have
contributed to some of the variation in the magnitude of relative risk estimates
between the studies that I have conducted as well as those described in the literature.
In addition, other important measures of SES were not available for the datasets
analysed in this thesis, such as area-based measure of SES. Finally, a single timepoint measurement of household income might not truly reflect individuals’
economic and living condition during follow-up, especially in China where people’s
living standards are improving rapidly.

The strengths of this thesis include its broad scope covering diabetes prevalence,
incidence as well as complications. The study using data from CKB is the first
nationwide study to describe the association between SES and incident diabetes in
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mainland China. I have also performed the first study to describe the association
between SES and complications of diabetes in Hong Kong Chinese people with
diabetes. I used two datasets (CHARLS and CKB) to describe the association
between SES and prevalent diabetes in mainland China, and demonstrated that the
observed associations using different data source were consistent with each other. In
addition, I used both cross-sectional and prospective studies to describe not only the
patterns in the prevalence of diabetes with SES at a single point in time, but also the
temporal association between SES and the development of diabetes over time.
Prospective studies generally provide more reliable evidence for a causal relationship
than cross-sectional studies when unbiased outcome data are available, although
unfortunately there is considerable scope for bias in incident outcome ascertainment
in current CKB data.

8.3 Potential explanations for the key findings
8.3.1 Sex difference in the association between educational level and
prevalent and incident diabetes in mainland China
Results from CHARLS and CKB provided strong evidence that sex modifies the
effect of SES on diabetes prevalence and incidence in Chinese people from mainland
China. This finding was consistent with the findings from the systematic review in
Chapter 3. The majority (five of nine) of studies included in the systematic review
reported sex-specific differences in associations between educational level or income
and prevalent diabetes. There was a positive association between SES (either
measured by education or income) and prevalent diabetes in men, while there was an
inverse or non-significant association in women (Chapter 3, section 3.5.2.5). Sex
differences in the association between SES and prevalence of diabetes have also been
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observed in other countries, although not necessarily with the same pattern. For
example, a study of 39021 people aged 40 years or older in Canada in 1996-1997
found there was no statistically significant association between educational level and
prevalent diagnosed diabetes in men (OR=1.1, 95% CI: 0.7, 1.6; for people with less
than secondary school compared to those with post-secondary school), but there was
an inverse association between educational level and prevalent diabetes in women
(OR=1.8, 95% CI: 1.3, 2.4; for people with less than secondary school compared to
those with post-secondary school) after adjustment for age. Similarly, in Scotland,
population-based national data for people with diagnosed diabetes showed that areabased measure of SES had a more stronger effect on diabetes prevalence among
women than men in 2007 (Walker et al., 2011). The relative risk for prevalent
diabetes was 2.0 (95% CI: 1.52, 2.62) for women and 1.58 (95% CI: 1.20, 2.07) for
men for the most deprived quintile compared comparing to the most affluent quintile
after adjustment for age.

The mechanism of the sex difference in the association between SES and diabetes
prevalence and incidence may differ across different populations. Based on the
mediation analysis in CKB, the most direct explanation for it in Chinese people is
that it is likely to be attributed to the difference in the education-overweight/obesity
relationship in men and women. The overall association between SES and
overweight/obesity appears to depend on the country’s stage of economic
development and epidemiological transition (Cohen et al., 2013). Inverse
associations are more common in developed countries, while positive associations
are more common in developing countries (Monteiro et al., 2004, Dinsa et al., 2012,
Cohen et al., 2013). Furthermore, within countries, sex often modifies the association
between SES and overweight/obesity such that the transition of overweight/obesity
towards the low SES often occurs earlier in women than men. Previous studies from
China, as well as other developing countries that support this explanation, have been
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presented in Chapter 5.4.2.

Social and psychological factors, which are risk factors for developing diabetes, may
also show some differential socioeconomic gradients by sex. Low education is
usually associated with greater social and psychological risks for women than men,
which might account for greater risk of diabetes in women with low educational level
than men (Matthews et al., 1999, Thurston et al., 2005). However, social and
psychological factors are more difficult to measure than other health factors partly
due to the limited availability of objective tests (Pettersson-Strömbäck, 2014) and
such factors were not available for me to use in the analyses of CKB data. It is also
argued that, in terms of in health outcomes, women may benefit more than men from
education because women usually have fewer socioeconomic resources such as
power and authority (Ross and Mirowsky, 2010). Explanations for this sex difference
are complex and more research on this topic is necessary.

8.3.2 Different impact of education and household income on
prevalent and incident diabetes
In this thesis, I found the association between SES and prevalent and incident
diabetes differed by SES indicators in women while being consistent in men.
Educational level was inversely associated with prevalent and incident diabetes in
women, however, household income was positively associated with prevalent and
incident diabetes in women. The difference in the impact of educational level and
income on diabetes among women observed in this thesis was consistent with the
findings from another nationwide study in China. The National Health Services
Survey recruited 66500 women (data were not available for men in this study) aged
15 years or older from 90 cities in China in 2008, and found that low educational
level but high individual income were associated with higher prevalence of NCDs
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(Yin et al., 2017).

Education and income are the most commonly used SES indicators in population
health research. They are interrelated but are not interchangeable because they do not
fully overlap (Krieger et al., 1997, Galobardes et al., 2006). Education and income
influence health through different mechanisms and have different effects on stages of
health outcomes (onset or progression). Education is highly related to individual’s
cognitive functioning. People with high educational level are usually more receptive
to health education messages, know more about the risks and benefits associated with
various behaviours, and are more able to develop better health-related attitudes to
promote healthier lifestyles, such as taking more physical exercise, eating better
diets, being less likely to smoke or indulge in harmful alcohol drinking (Lodi-Smith
et al., 2010, Cesur et al., 2014). In addition, education is normally completed in
young adulthood, before most people experience major health problems, such as type
2 diabetes. As a result, it is argued that education contributes more to onset of health
outcomes than the progression of poor health through its effects on health-promoting
behaviours (Herd et al., 2007). Several studies of SES and incident diabetes have
provided some evidence to support this explanation (Maty et al., 2005, Williams et
al., 2010). For example, a study followed up 6147 people aged 17-94 years from
1965 to 1999 in America and found that educational level was a much stronger
predictor of incident type 2 diabetes than household income. The HR for incident
type 2 diabetes was 1.51 (95% CI: 1.11, 2.04) for the lowest compared to highest
educational level, and 0.87 (95% CI: 0.74, 1.02) for each increase of 1 SD in log
income after adjustment for age, sex, ethnic group and marital status (Maty et al.,
2005). Furthermore, it is likely that education is less prone to reverse causality
compared to income (Braveman and Gottlieb, 2014). NCDs, such as CVD, diabetes
and cancer, may cause major huge economic burdens for individuals as well as their
families, leading to income loss. However, educational attainment remains constant.
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Income is likely to primarily affect the progression of health problems. The first
reason for this is that income affects health mainly through the effect on material
resources that directly influences ability to access good healthcare such as expensive
medications, routine health checks and hospitalisation expenditure (Galobardes et al.,
2006). This impact is particularly strong in countries where universal free health
coverage has not been established and healthcare cost is largely based on people’s
private out-of-pocket payment. In mainland China, although universal coverage has
been achieved, the percentage of out-of-pocket payment in total health expenditure is
still high, with an estimate of about 30% in 2016 (Fu et al., 2018). Thus, income is
likely to contribute greatly to health inequality in mainland China, but has a less
effect on Chinese in Hong Kong, where the public health system provides a
comprehensive range of high quality of medical service with very low charges (Kong
et al., 2015).

Second, unlike education, income is not stable, and usually increases from early
adulthood and peaks in late middle age. Some studies indirectly provide evidence to
support this argument that mortality is more strongly related to income than
education in people both with and without diabetes (Secrest et al., 2011,
Sabanayagam and Shankar, 2012, Rawshani et al., 2015). However, education may
be a more sensitive SES indicator of incidence of NCDs than income, especially
during earlier stages of the epidemiological transition.

8.3.3 Transition of higher NCDs risk from high to low SES groups
Evidence from developed countries that have completed the epidemiological
transition suggests that, in the early stages of economic development, NCDs and
their risk factors arise initially in population sub-groups of high SES and then
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become more common in lower SES groups following further development (World
Health Organization, 2010). The explanation for this is that at the early stage of
epidemiological transition, people with high SES are the first to experience the
changes from traditional to modern lifestyles, which are accompanied by decreased
physical activity and increased uptake of high calorie and high fat diets, that in turn
contributes to increased burden of NCDs. Subsequently, health awareness tends to
improve in people with high SES who then respond to NCD prevention campaigns
earlier than those with lower SES who continue to experience increasing prevalence
of NCDs, resulting in widening health inequalities by SES. Finally, at the late stage
of epidemiological transition, the association between SES and NCDs and their risk
factors have reversed, with NCDs and their risk factors being more common in
people with low SES. This thesis provided some evidence that the risk of developing
diabetes might now be transitioning from high to low SES people in mainland China,
at least in women, or alternatively suggests that Chinese women may be less
susceptible than men to the harmful effects of development on lifestyle. In addition,
Hong Kong appears to have completed the epidemiological transition as the
associations of SES with both prevalent diabetes and key complications of diabetes
are inverse. Evidence from other developing countries for this transition pattern is
rather limited, as studies in these countries are scarce and results are inconsistent
(Allen et al., 2017).

8.4 Public health implications
Diabetes is a major of cause of premature death and disability worldwide, and leads
to substantial economic burden to both individuals and society (International
Diabetes Federation, 2017). China is facing the largest diabetes epidemic in the
world, partly as a consequence of population size and partly due to rapid economic
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development. Diabetes and its complications are estimated to contribute to almost 1.5
million deaths in China in 2012 (World Health Organization, 2016). It is estimated
the healthcare expenditure on diabetes in China was 110 billion US dollars in 2017,
which ranked 2nd in the world following the US (International Diabetes Federation,
2017). To address the diabetes epidemic, effective policies are needed to support
primary and secondary prevention of diabetes in China.

This thesis found that there are considerable socioeconomic gradients in diabetes
prevalence, incidence and complications in Chinese populations using data from
across the country. I have identified that men with both high educational level and
household income, and women with low educational level but high household
income are at high risk of developing type 2 diabetes in mainland China, and both
men and women with low educational level are at increased risk of developing CVD
and all-cause mortality in Hong Kong. These sub-groups could form priority groups
for the primary and secondary prevention of type 2 diabetes and complications of
type 2 diabetes although population wide approaches are also required.

Education and income are considered as upstream determinants of people’s health.
They influence health through their effect on midstream (individual health-related
behaviours such as physical activity and diet, and psychosocial adversity) and
downstream (biological risk factors such as blood pressure and values of HbA1c)
factors (Turrell and Mathers, 2000). Studies have argued that in order to achieve
enduring improvements in health and reduce population-level health inequalities,
upstream socioeconomic determinants should be the central focus of health policy
development and implementation (Thornton et al., 2016). Policies to increase
education are likely to reduce risk of long-term of diabetes complications in people
with type 2 diabetes in Hong Kong. In addition to policies aimed to increase in the
average educational level, midstream and downstream factors also should not be
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ignored. Interventions should prioritise prevention and control of diabetes-related
complications and cardiovascular risk factors, as the effect of educational level on
CVD and all-cause mortality was largely mediated by these factors among people
with type 2 diabetes in Hong Kong in my analysis of JADE data.

Recommendation to decrease educational levels and household income in order to
reduce the risk of developing diabetes in Chinese people in mainland China would
not be appropriate, as increasing educational level and household income are
associated with various benefits for individuals as well as the society, including more
stable employment, economic development, better general health and life expectancy
and these benefits outweigh the increased diabetes prevalence among men in China
(Lv et al., 2017, Stringhini et al., 2017). Therefore, nationwide policy interventions
should target to the midstream and downstream factors in Chinese populations in
mainland China, which usually are more easily mitigated and prevented at the
individual level (Thornton et al., 2016).

Results from CKB shows that socioeconomic inequalities in diabetes prevalence and
incidence could partly be attributed to BMI differences across SES groups. High
BMI is one of the most important modifiable risk factors for developing diabetes and
is believed to be the leading attributable individual factor for diabetes in China (Li et
al., 2017b). Randomised controlled trials conducted in China and other countries
have demonstrated that lifestyle interventions resulting in weight loss effectively
reduced diabetes incidence (Wing et al., 1998, Tuomilehto et al., 2001, Diabetes
Prevention Program Research Group, 2002). Therefore, health care and social
policies that aim to reduce socioeconomic inequalities in diabetes burden in mainland
China at national level should give priority to primary and secondary prevention of
overweight and obesity in Chinese adults and take account of potential differential
associations with SES in men and women. In addition, policies also need to focus on
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improving lifestyle such as physical activity and diet, as they are strongly related to
overweight and obesity and are also important risk factors for diabetes (Goodpaster
et al., 2010, Balk et al., 2015). However, the effectiveness of individual-level
interventions may vary across people with different SES due to differential access
and compliance (White, 2016). Population-level approaches to reduce key risk
factors for diabetes in the entire population are also necessary.

It is important to note that there is considerable heterogeneity in disease patterns by
urban/rural residence, and geographic areas in China due to different stages of
socioeconomic development, urbanisation and epidemiological transition, or due to
birth cohort effects and environmental factors (Chen et al., 2011). The association
between SES and risk of diabetes might vary in different parts of China at any
timepoint. For example, there may be an inverse association in eastern (more
developed area in China) urban areas but a positive association in western (less
developed area in China) rural areas. As a result, an overall national estimate of the
association between SES and risk of diabetes might be meaningless if different
patterns exist in different regions. Policy makers need to be aware of the potential
differences in people with high risk of diabetes in different geographic areas in
mainland China. Therefore, local data (e.g. province and city level data), which
reflect the local disease pattern associated with SES more accurately than national
estimates, are needed to identify the priority groups for diabetes prevention, and to
provide evidence for developing local health policies.

This thesis also provides some baseline information to allow evaluation of effect of
current and future policies that influence health inequalities in China. The Chinese
government launched ‘Healthy China 2020 Plan’ in 2008 and ‘Healthy China 2030
plan’ in 2016 (Chen and Gao, 2008, Fu et al., 2018). These health-care reforms aim
to achieve universal and equal access to basic health services and public health
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services in China, with plans to establish universal health coverage by 2020, and to
achieve the main health indicators of high income countries by 2030 (Yip et al.,
2012). However, information on current health inequalities in distribution of NCDs
in China are limited, as reliable evidence based on nationwide studies of SES and
NCDs in China is still sparse (Yip et al., 2012). This study provides a starting point
for future studies of distribution of NCDs and of secular trends in health inequalities
in China. This study is also likely to have important implications for other
developing countries in providing a reminder that the burden of NCDs alters across
different SES groups during the epidemiological transition, and that the associations
and changes over time may differ between men and women.

8.5 Recommendations for future research
1. As the association between SES and diabetes is inconsistent and there are various
limitations of my and previous work, there is scope to add to existing knowledge by
performing additional studies with appropriate study samples to inform regional and
national policy using more current data and improved methods for ascertaining
incident cases of diabetes (e.g. using blood measurement and not only hospitalised
cased or self-reported cases).

2. This thesis only described the association between two measures of SES and
diabetes. Investigations of associations between additional aspects of SES and
diabetes are suggested as different SES indicators may have different effects on risk
of diabetes and through different mechanisms. One of the other important SES
measures is area-level measure of SES. Some studies have shown poor agreement
between individual-level and area-level SES measures when there is great
heterogeneity in people’s characteristics in terms of race, average income,
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employment opportunities within the same geographic areas (Pardo-Crespo et al.,
2013, Pichora et al., 2018). An area-level measure of SES is able to describe the
geographic distribution of socioeconomic inequalities in health outcomes, which
would be particular helpful for regional-specific health policy making (Galobardes et
al., 2007). Furthermore, an area-level measure could be used as a proxy for
individual-level SES measures when these information is not available in some
routinely collected datasets, such as medical and administrative records. As a result,
area-level measures of SES still need to be developed in China. There is still much to
learn about how different SES indicators affect different aspects of health. Multiple
approaches to measurement of SES would help understand which SES indicators are
more important for different health outcomes.

3. Some measures of SES develop and change over the life course. A single time
point measure of SES may not be sensitive enough to reflect the cumulative impacts
on individuals’ health. For example, household income may be not stable and may
differ greatly at different life stages, especially in China where economic
development is taking place rapidly. Future research is suggested to measure SES in
a more dynamic way by describing changes or variability over the life course
although such studies are expensive to perform.

4. Socioeconomic gradients in diabetes and its risk factors are expected to change
along with the economic development and epidemiological transition in China.
Similar to developed countries, increased risk of diabetes and its key risk factor,
obesity, is likely to shift from people with high to low SES. It is important to
understand the secular trends in the socioeconomic patterning of diabetes and its risk
factors, and the timing of these changes to help identify the priority groups for
prevention of diabetes and to develop public health policies. However, it should be
noted that there may be a time lag between changes in SES and when health effects
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can be seen, and these changes are likely to happen at different time in different parts
of China, which can make health policy decisions difficult.

5. Given the major heterogeneity in the level of urbanisation and economic
development across different parts of China, the association between SES and risk of
diabetes is likely to differ in different parts of China. Regional level data (e.g.
province and city level) are needed to identify the local diabetes pattern with SES,
and to provide evidence to help local health policy making.

6. Future research is needed to examine whether prevention of overweight and
obesity is feasible and effective in reducing socioeconomic inequalities in diabetes in
China, and to identify other effective approaches to reducing inequalities by SES in
diabetes incidence.

7. Additional research is needed to clarify whether there are other pathways linking
SES and diabetes (e.g. access to healthcare), and consider potential sex-specific
pathways which have contributed to the sex difference in the association between
SES and diabetes in men and women.

8. It remains unclear whether SES affects the risk of complications of diabetes in
mainland China. Future research is needed to investigate whether and how SES
affect the risk of developing diabetic complications in people with diabetes in
mainland China. The newly established nationwide, population based type 1 diabetes
registration system, which collecting data from the medical record databases from all
hospitals in the 13 areas in mainland China, outpatient based pharmacies in tertiary
hospitals in the 13 areas, health insurance databases, and patient self-reports, might
be helpful to clarify the association between SES and complications of diabetes in
Chinese people with type 1 diabetes in mainland China (Weng et al., 2018).
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9. Future research also needs to describe associations between SES and other NCDs
and their risk factors to provide more evidence to inform policy makers about
prevention strategies and to reduce health inequalities in all NCDs in China.

8.6 Conclusion
This thesis presents an overall picture of the epidemiology of type 2 diabetes
associated with SES in China in terms of prevalence, incidence and complications.
Among Chinese adults in mainland China, educational level was positively
associated with both prevalent and incident diabetes in men, while these associations
were inverse in women. Household income was positively associated with both
prevalent and incident diabetes in men. For women, household income was
positively associated with prevalent diabetes, but there was no significant association
between household income and incident diabetes. Among Hong Kong Chinese
people with type 2 diabetes, educational level was inversely associated with
incident/recurrent CVD and all-cause mortality. Information on socioeconomic
inequalities in diabetes prevalence, incidence and complications in China can be used
to plan health services, to develop approaches to primary, secondary and tertiary
prevention of diabetes, and to monitor the epidemiological transition and the effects
of health policies including those designed to reduce inequalities.
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