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Statement of Problem

With today’s longer life expectancy, chronic diseases have become the predominant
causes of mortality rather than the infectious diseases that claimed more lives when life
expectancy was shorter. Type 2 diabetes, a common chronic disease, is characterized by chronic
hyperglycemia with disturbances of carbohydrate, fat, and protein metabolism, which may be
caused by defects in insulin secretion and/or action (Al-Daghri et al., 2010). The proportion of
people with type 2 diabetes is increasing globally. It is estimated that 333 million people will
have the disease by 2025, approximately twice the number of diabetics in 2003 (Yoon et al.,
2006). Type 2 diabetes has been a major chronic disease problem in many developed countries
for years and has become an important public health challenge in developing countries, such as
China, in the last decades (Gu et al., 2003). Between the 1980s and 1990s, type 2 diabetes was
very rare in China; the prevalence of the disease (approximately 1.5% in the urban population)
was too low to be considered statistically or practically significant for that population (Cockram,
2000). However, more recent studies have noted that the prevalence of the disease is sharply
rising, especially in urban areas. A study in Da Qing revealed that occurrence of type 2 diabetes
was 3.51% in 1994, 3.4 times greater than the rate (1.04%) in 1986 (Cockram, 2000). Studies
conducted in Beijing and Zhejiang between 1992 and 1993 also confirmed the increase in type 2
diabetes; the prevalence of type 2 diabetes was approximately 3 times greater than in the 1980s
(Cockram, 2000).

The epidemiological trend of type 2 diabetes within China generally parallels the level of
affluence and degree of urbanization and modernization. In the past decades, China has
undergone rapid urbanization and westernization nationwide; rapid shifts in income and
occupation led to changes in lifestyle (Yoon et al., 2006; Zimmer & Kwong, 2004). First, the
Chinese diet became more westernized, characterized by energy rich foods high in sugar and
animal fat. Second, widespread economic development reduced the number of occupations high
in physical activity and increased sedentary time on computers and televisions either for work or
for the purpose of entertainment; therefore, people became less physically active. Such a
nationwide lifestyle change has contributed to the rising prevalence of type 2 diabetes in China.

The growing body of studies investigating the behavioral etiology of type 2 diabetes
suggests that health behaviors are significantly and directly associated with the risk of type 2
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diabetes (Xu et al., 2006; Yoon et al., 2006). Health behaviors are actions that one takes directly
or indirectly affect one’s health status or well-being (Bruhn, 1988). Behaviors undertaken by
individuals in their daily lives can either protect them from diseases or precede the occurrence of
iliness (Ferraro, 2006). Some behaviors by nature are detrimental to health, such as cigarette
smoking (Avogaro et al., 2004; Baliunas et al., 2009), while other behaviors can run the
spectrum from healthy to unhealthy, for example, alcohol consumption, physical activity, or
carbohydrate intake. Quite a number of Western studies indicate that cigarette smoking increases
the risk of type 2 diabetes regardless of age, gender, and race (Padmawati, Ng, Prabandari, &
Nichter; 2009; Schipf et al., 2009). Moderate amount of alcohol consumption, physical activity,
and carbohydrate intake are healthy and protect individuals from developing the disease
(Carlsson, Hammer, & Grill, 2005; Helmrich et al., 1991; Hu, van Dam, et al., 2001), whereas
heavy alcohol consumption (Carlsson, et al., 2005; Ford et al., 2011; Mozaffarian et al., 2009)
and being physically inactive with a high level of carbohydrate intake (Seike et al., 2008;
Tonstad, 2009; van Dam, 2003; Willi, Bodenmann, Ghali, Faris, & Cornuz, 2007) are
detrimental and increase the risk of type 2 diabetes.

Although the prevalence of type 2 diabetes is increasing rapidly in China, there is a
paucity of research on behavioral risk for the disease among the Chinese population. The
existing literature is predominated by studies conducted among populations in Western societies,
and it is unclear that the evidence presented for Western populations is generalizable to
populations in non-Western countries. Therefore, the current study examines the behavioral risks
for type 2 diabetes diagnosis in the Chinese population. More specifically, this study tests how
unhealthy behavior (i.e., cigarette smoking, heavy alcohol consumption, being physically
inactive, and high carbohydrate intake) is associated with the risk of type 2 diabetes diagnoses
among the Chinese population. Thus, this study will expand the existing literature by enhancing
the understanding of how well Western models fit a non-Western sample. Additionally, the
Chinese evidence contributes to those models and improves their application to middle-aged and
older adults in non-Western cultures.

Background

To date, behavioral risks for type 2 diabetes are predominantly documented in Western

literature. Cigarette smoking, heavy alcohol consumption, and physical inactivity are unhealthy

behaviors and have been established as risk factors (variables related to the probability of an
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individual developing the disease) of type 2 diabetes among populations in Western societies
(Kleinbaum, Kupper, & Morgenstern, 1982). Scholars normally compare the disease frequency
between individuals who participate in unhealthy behaviors (the exposed group) to those who
avoid these behaviors (the unexposed group) using the measure of relative risk, an indicator of
the likelihood or probability of developing the disease in the exposed group relative to those who
are not exposed (Blumenthal, Fleisher, Esrey & Peasey, 2001). The relative risk estimates the
magnitude of the association between involvement in unhealthy behaviors and the occurrence of
type 2 diabetes. These studies show that cigarette smokers, heavy alcohol drinkers, and those
who are physically inactive are more likely to develop type 2 diabetes compared to those who
avoid those behaviors. In addition, demographic characteristics such as age, gender, and
socioeconomic factors such as education and income are related to developing unhealthy
behaviors. To estimate the relationship between unhealthy behaviors and type 2 diabetes, the
effect of demographic and socioeconomic characteristics are usually controlled for in studies of
type 2 diabetes. This section reviews the existing literature estimating the relative risk of type 2
diabetes given unhealthy behaviors. In those studies, relative risk is measured by the prevalence
rate (the proportion of the population that has the disease at a specific point in time), the
incidence rate (the number of new cases of disease per unit of person-time) or the ratio of the
odds of exposure among the cases (numbers exposed divided by numbers not exposed) to the
odds of exposure among the controls (Blumenthal et al., 2001).
Behaviors and Type 2 Diabetes

Cigarette smoking and type 2 diabetes. The causal relationship between cigarette
smoking and type 2 diabetes has been established in much existing Western literature
(Padmawati et al., 2009; Schipf et al., 2009; Tonstad, 2009; Willi et al., 2007). Upon receiving a
glucose load, cigarette smokers have higher insulin resistance and C-peptide activity (C-peptide
is a protein that participates in insulin synthesis) than non-smokers (Cho et al., 2009; Patja et al.,
2005). Biologically, nicotine has direct toxic effects on pancreatic tissue, as it causes pancreatic
injury leading to impaired beta cell function and insulin sensitivity (Nakanishi et al., 2003; Patja
et al., 2005). Thus, cigarette smoking increases the risk of impaired glucose tolerance and
contributes to the occurrence of type 2 diabetes (Cho et al., 2009; Schipf et al., 2009). Higher
rates of type 2 diabetes diagnosis are found among past or current cigarette smokers compared to

non-smokers (Maty et al., 2005; Robbins et al., 2001).
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The association between cigarette smoking and risk of type 2 diabetes is related to
demographic factors such as age (Patja et al., 2005; Willi et al., 2007). A meta-analysis based on
25 prospective cohort studies between 1966—-2007 from MEDLINE and EMBASE reveals that
age strengthens the relationship between cigarette smoking and the incidence of type 2 diabetes,
when studies included older participants with a mean age of 50 and older (Willi et al., 2007). In
this population, current and past cigarette smokers have an increased risk of developing type 2
diabetes compared to never-smokers with hazard ratios (HR = 1.44) and (HR = 1.23),
respectively (Willi et al., 2007). The relative risks for type 2 diabetes are similar in both genders:
for men, HR = 1.25, and for women, HR = 1.28 (Willi et al., 2007). The process of aging
accelerates nicotine impairment of pancreas, therefore increases insulin sensitivity and the risk of
the disease (Haire-Joshu, Glasgow, & Tibbs, 1999).

Socioeconomic status (SES), including education and income, are related to cigarette
smoking and those contribute to type 2 diabetes diagnosis (Maty, Everson-Rose, Haan,
Raghunathan, & Kaplan, 2005). High smoking rates are found among individuals with lower
education and income (Haire-Joshu et al., 1999). People with lower SES may lack of knowledge
of the negative impact of smoking on health; in addition, they are more likely to participate in
lower-paid work where they are exposed to people who smoke heavily (Ferraro, 2006). Those
with high school and lower levels of education are more likely to be current, ever, and heavy
smokers and less likely to quit (Haire-Joshu et al., 1999). In contrast, people with college or
higher education are more likely to be never-smokers or have higher cessation rates (Haire-Joshu
etal., 1999).

A similar association between cigarette smoking and the risk for type 2 diabetes is also
found among populations in East Asian countries. A cohort study among 1,236,443 Korean
participants aged 30—95 examines cigarette smoking and the incidence of type 2 diabetes and
suggests that compared with never-smokers, current smokers, particularly male smokers who
smoke 20 or more cigarettes/day, have increased risk for diabetes with adjusted hazard ratio of
1.55 [1.51-1.60] (Jee, Foong, Hur, & Samet, 2010). Similar studies conducted among Japanese
participants in the same age group show that cigarette smoking has a strong association with the
risk of type 2 diabetes, and this risk is approximately doubled in current smokers and tripled for

heavy smokers (1625 cigarettes/day) compared to non-smokers (Tonstad, 2009).



Alcohol consumption and type 2 diabetes. The link between alcohol consumption and
the related risk of type 2 diabetes is established by many Western studies (Avogaro et al., 2004;
Baliunas et al., 2009; Beulens et al., 2005; Carlsson et al., 2003; Seike et al., 2008). Risk of type
2 diabetes is associated with frequency and quantity of weekly alcohol consumption (Carlsson et
al., 2003). Even though the measures of ethanol/volume of alcohol diverge across studies,
alcohol consumption and the risk of type 2 diabetes are associated in a J-shaped fashion: light-to-
moderate alcohol consumption (200 g/week or 200—400 g/week) is associated with the decreased
risk of type 2 diabetes compared to excessive drinking and compared to no drinking (Howard et
al., 2004; Nakanishi et al., 2003). This pattern is found in both prospective and cross-sectional
studies in the United States and European countries (Avogaro et al., 2004; Baliunas et al., 2009;
Beulens et al., 2005; Clerc et al., 2010; Fukui et al., 2005; Howard et al., 2004; Joosten et al.,
2011; Liu et al., 2010). A meta-study based on 974 retrieved citations with respect to alcohol
consumption and risk of type 2 diabetes suggests that compared with abstainers, light-to-
moderate drinkers have a 33%— 56% lower risk for diabetes (Nakanishi et al., 2003). The
protective effect of light-to-moderate drinking was more obvious among overweight (BMI > 30)
individuals because alcohol can biologically enhance insulin sensitivity, which could counteract
obesity-induced insulin resistance (Carlsson et al., 2003). In contrast, heavy alcohol consumption
(=400 g/week) increases the risk of type 2 diabetes by disrupting glucose homeostasis and
escalating insulin resistance (Guo et al., 2008; Roh, Shin, Choi, Lee, & Kim, 2009; Seik, Noda,
& Kadowaki, 2008). Nakanishi et al. (2003) suggest that individuals who excessively consume
alcohol have up to a 43% greater risk for type 2 diabetes.

Alcohol drinking differs by age, gender, body mass index (BMI), and SES (Carlsson et
al., 2003). In general, older people are less likely to be heavy drinkers compared to younger or
middle-aged adults; women tend to be abstainers or light drinkers, and men are more likely to
consume alcohol excessively (Ajani et al., 2000; Carlsson et al., 2005; Zhang, Wang, Lu, Qiu, &
Fang, 2004). In addition, heavy alcohol consumers are more likely to be have lower education
and income, and they tend to be smokers and physically inactive (Carlsson et al., 2005; Zhang et
al., 2004).

Carbohydrate intake and type 2 diabetes. In contrast to the large number of studies on
smoking and alcohol consumption as risk factors for type 2 diabetes, studies about the role of

dietary factors such as carbohydrate intake are limited (Meyer et al., 2000; Schulze et al., 2004).
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Most existing literature claims that high carbohydrate intake causes obesity, which is a risk
factor for type 2 diabetes (Choi & Shi, 2001; Grant et al., 2009; Wong & Wang, 2006). Obesity,
characterized by high free fatty acid (FFA) and high BMI, affects glucose metabolism and
decreases insulin sensitivity and therefore, increases the risk of type 2 diabetes (Abbatecola,
Evans, & Paolisso, 2009; Esposito, Maiorino, Di Palo, & Giugliano, 2009).

However, findings about the direct effect of carbohydrate intake on the risk for type 2
diabetes are mixed (Meyer et al., 2000; Schulze et al., 2004). Existing evidence supports
beneficial, detrimental, or neutral effects of high carbohydrate intake on glucose level. In the
Nurses’ Health Study and the Health Professionals Follow-up Study, higher carbohydrate intake
is found to be associated with higher risk of type 2 diabetes (Hu, van Dam, & Liu, 2001;
Salmeron et al., 1997; Schulze et al., 2004). These studies find that diets dense in calories and
high in carbohydrates and fat, but low in fiber, especially cereal fiber, worsen energy transition
and influence blood glucose response negatively (Schulze et al., 2004). However, in the lowa
Women’s Health study, no effect of total carbohydrate intake was found on the risk for type 2
diabetes (Meyer et al., 2000). Suggesting a third possibility, researchers observe a moderate
association between the increased carbohydrate intake and risk of type 2 diabetes among whites
and African-Americans aged 45-64 in the Atherosclerosis Risk in Communities (ARIC) Study
(Stevens et al., 2002).

Physical activity and type 2 diabetes. Physical activity is another important modifiable
determinant of type 2 diabetes (Sigal et al., 2006). Physical activities enhance musculoskeletal
glucose uptake and improve insulin resistance (Castro, Shaibi, & Boehm-Smith, 2009).
Furthermore, physical activity directly works on weight reduction, directly lowers the risk for
obesity, and indirectly reduces the risk for type 2 diabetes (Choi & Shi, 2001; Davis, Forrbes, &
Wylie-Rosett, 2009; Nelson, Reiber, & Boyko, 2002;). Existing literature has studied the
influence of frequency (how often per week) and duration of physical activities (in minutes per
instance) in relation to the risk of type 2 diabetes. Based on these two features, two levels of
physical activity are identified by Plotnikoff et al. (2010): moderate physical activity (activity
that is not exhausting and with light perspiration for 30 minutes at least 3 times per week) and
vigorous physical activity (activity with rapid heart-beat and sweating for 30 minutes at least 3
times per week). There are multiple settings for physical activity, including occupational,

commuting, and leisure-time physical activity (Bauman, Allman-Farinelli, Huxley, & James,
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2008; Hu et al., 2003). Most type 2 diabetes research or diabetes prevention strategies have
focused on leisure-time activity (activities away from business, school, and work; see Bauman et
al., 2008; Helmrich et al., 1991). A number of prospective studies claim that 150 min/week of
moderate physical activity or 90 min/week of vigorous physical activity during leisure time is
associated with a lower risk of type 2 diabetes (Helmrich et al., 1991; Hu et al, 2003; Hu,
Pekkarinen, Hanninen, Tian, & Guo, 2001; Wannamethee et al., 2000). Particularly, moderate
leisure-time physical activities (e.g., brisk walking, jogging, gardening, household chores,
bicycling, and running in a non-exhausted condition) for 30 minutes at least 3 times per week are
more beneficial for reducing the risk of type 2 diabetes than a high level of vigorous activities
(Choi & Shi, 2001; Davis et al., 2009; Nelson et al., 2002; Wong & Wang, 2006).

Compared to the large number of studies on leisure-time physical activity, a paucity of
literature has examined the frequency and duration of occupational and commuting physical
activities, or the joint effect of occupational, commuting, and leisure-time physical activities on
the risk for type 2 diabetes (Hu et al., 2003). Daily commuting physical activity on foot or
bicycle is a major form of physical activity in some countries such as Finland, Denmark, the
Netherlands, and China (Hu et al., 2003). Individuals” BMI, waist-to-hip ratio, and blood
pressure are found to be improved among those who walk or cycle to and from work more than
30 minutes per day, regardless of age, smoking status, and levels of education (Hu et al., 2003;
Hu, Leitzmann, et al., 2001; Lahti-Koski, Pietinen, Mannisto, & Vartiainen, 2000). Moreover,
engaging in moderate or high levels of physical activity in two or three settings (occupational,
commuting, and leisure-time) is significantly associated with lower risk of type 2 diabetes over
physical activity in only one setting (Hu et al., 2003).

Demographic characteristics, socioeconomic status, and type 2 diabetes. Existing
studies show that the risk of type 2 diabetes is affected by age, gender, and socioeconomic status
(SES), reports Choi & Shi, 2001. Even though little evidence has shown that age per se results in
insulin resistance and type 2 diabetes, advanced age aligns with the tendency of increased BMI,
less physical activity, poor diet and visceral fat content which play powerful roles in enhancing
insulin resistance level (Abbatecola et al., 2009; Jia et al., 2007; Meigs, Muller, Nathan, Blake,
& Andres, 2003). Both men and women tend to gain weight in middle age (around 40); thus, the
risk of type 2 diabetes begins to increase at this age, and it is even higher among smokers and

heavy alcohol drinkers (Grant et al., 2009). The prevalence rate of type 2 diabetes begins to
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increase in people at age 40-49 and reaches a peak among people at age 65 in most Western
societies and at age 70 in China and Japan (Choi & Shi, 2001; Qiao et al., 2003; Steven et al.,
2010).

Gender is another significant factor resulting in a disparity in the risk of type 2 diabetes.
Between ages 50 and 69, the prevalence of type 2 diabetes is higher among men than women,
whereas the situation is opposite after age 70 (Al-Lawati, Al Riyami, Mohammed, & Jousilahti,
2002; Jia et al., 2007; Meigs et al., 2003; Ramachandran, Snehalatha, Kapur, Vijay, Mohan, &
Das, 2001). A possible explanation for such a male preponderance in early ages may be that
physiologically, the life span among women is longer, and women are continuously gaining
weight and therefore have increasing BMI values compared to men after middle age. In contrast,
men are more susceptible to the consequences of obesity, possibly due to differences in insulin
sensitivity and regional fat deposition (Jia et al., 2007). In addition, women and men engage in
different behaviors, which results in the inequality in the risk of type 2 diabetes between genders.
Physical inactivity, smoking and alcohol consumption are significant risk factors for men,
whereas obesity and high-sugar diet are predominant factors for women (Grant et al., 2009).

Socioeconomic status (SES) is another established factor associated with patterns of
health behaviors and the incidence of type 2 diabetes. SES is a complex construct, usually
measured by variables of education, income, and occupation. Each of the measures reflects
specific constructs underlying SES characteristics; for example, income reflects economic
characteristics; education determines levels of income and provides information regarding one’s
SES in early life course (Robbins et al., 2001). In studies of type 2 diabetes, education and
income were noted as significant and consistent SES correlates of the occurrence of type 2
diabetes, regardless of gender and race (Maty et al., 2005; Robbins et al., 2001). SES influences
individuals’ access to “health-care services and information, availability of healthy foods and
places to exercise, economic and occupational opportunities, as well as individual lifestyle
choices” (Agardh et al., 2011, p.2). In developed countries, a strong inverse association is
observed among education and income and the risk of type 2 diabetes for both men and women,
adjusting for age and other factors. People with lower education and income normally earn less
and have limited access to nutritional knowledge, and thus are more likely to eat unhealthy diets
and be obese. However, existing literature suggests that a positive association between the risk of

type 2 diabetes and education or income might exist in developing countries (Choi & Shi, 2001;
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Robbins et al., 2001; Xu et al., 2006). In developing countries, people with higher education are
more likely to consume a Westernized diet and participate in higher paid occupations,
characterized by long sedentary periods of working on computers. By contrast, people with
lower SES participate in more physical work and eat more fiber and less fat, and might be less
likely to develop obesity and type 2 diabetes (Choi & Shi, 2001; Xu et al., 2006; Zimmer &
Kwong, 2004).

In addition, existing studies suggest that the prevalence of type 2 diabetes varies between
urban and rural areas (Choi & Shi, 2001; Wong & Wang, 2006). A study conducted among the
Canadian population shows that the incidence of type 2 diabetes is higher among urban residents
than their rural counterparts adjusting for age, gender, and SES (Choi & Shi, 2001). A Chinese
study reveals that BMI and fasting serum glucose concentration is observed higher among people
who live in urban areas than those who live in rural areas in China (Gu et al., 2003). In China,
access to medical diagnostic technology and the extent of lifestyle westernization is greater in
urban areas, which contribute to the higher diagnosis rate of type 2 diabetes in those areas.
Additionally, people living in urban areas tend to earn higher income and are more likely to
consume a Westernized diet with high fat and carbohydrate content compared to rural residents
(Wang et al., 2007).

Type 2 Diabetes in China

The prevalence of type 2 diabetes has dramatically increased in China over the last
decades due to rapid westernization in lifestyles and diet (Gu et al., 2003). Unlike Western
countries, such as the United States and European countries, which experienced gradual
nutritional transitions, China underwent a rapid and sudden change in nutrition and dietary
structures to one that is characterized by high-energy diets (i.e., diets high in sugar, oil, and
animal food). This change has accelerated the incidence of type 2 diabetes (Popkin, 1998; Yoon
et al., 2006).

Chinese researchers have examined the biological etiology of this disease. They suggest
that genetically, Chinese people, particularly Chinese Hans (the largest ethnic group in China)
are more susceptible to type 2 diabetes due to early g-cell failure and prominent central obesity

compared to other Chinese ethnicities and Western populations (Luo et al., 2001). In diabetes-
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related epidemiological studies, available work primarily focuses on the epidemic trend of the
disease in the general Chinese population, or the impact of the disease on morbidity and
mortality, illustrated in Appendix A.

As Appendix A summarizes, the existing Chinese literature is limited in some aspects.
First, a majority of these studies analyze a sample in which people are from particular regions of
China (e.g., north China or urban areas including Da Qing area, Shanghai, and Qingdao). They
might not represent the wider Chinese population, such as people who live in the south and those
who live in rural China. Therefore, the generalizability of findings presented in these studies may
be limited. Second, none of these studies assesses the behavioral risk for type 2 diabetes, but
only focus on mortality or morbidity related to diabetes complications. Cigarette smoking, heavy
alcohol drinking, and physical inactivity have been established as risk factors of type 2 diabetes
in many Western studies. However, the effect of these factors on the risks of type 2 diabetes has
not been fully examined among the Chinese population. Furthermore, the influence of
carbohydrate intake on type 2 diabetes diagnosis is not included in any of the studies in
Appendix A. Although some Western studies have examined the association between
carbohydrate intakes and risk of type 2 diabetes, the quantity of carbohydrate intake in relation to
the risk of the disease is highly debated (Meyer et al., 2000; Schulze et al., 2004). Similar studies
among the Chinese are still unavailable. Further investigation of the association between
carbohydrate intake and risk of type 2 diabetes is necessary to understand the nutritional and
dietary risk of the disease in a Chinese context. Addressing the lack of research is the first step
towards expanding the existing literature on the behavioral and nutritional risks of type 2
diabetes in a non-Western context.

Therefore, the current study bridges important gaps by investigating the relative risk of
type 2 diabetes diagnosis given individuals’ engagement in unhealthy behaviors in China. That
relative risk is measured by the odds ratio to estimate the odds of unhealthy behavior
involvement among individuals with type 2 diabetes diagnosis to the odds of the exposure among
those without the disease. First, this study explores the application of the Western model
representing the association between unhealthy behaviors (i.e., cigarette smoking, heavy alcohol
consumption, and physical inactivity) and the related risk of type 2 diabetes among the Chinese
population. It is critical to understand how these behaviors are associated with the risk of type 2

diabetes in the Chinese population, and in addition, to examine if the knowledge derived from
11



Western studies is applicable to the Chinese culture. Second, the effect of carbohydrate intake on
risk of type 2 diabetes, with the inconsistent findings in Western studies, warrants further
investigation. The quantity of carbohydrate intake and risk of type 2 diabetes among middle-aged
and older adults is under-studied in Chinese literature. Using a Chinese sample is optimal in
examining how carbohydrate intake to provide new insights and improve related Western
models. Last, for the analysis, the current study uses a sample selected from nationally
representative data, which includes populations from north, south, urban, as well as rural China.
Lifestyles vary between regions in China; hence, compared to the samples used in the existing
Chinese literature, data collected from a wide range of regions are more representative of the

characteristics of the Chinese population.

Conceptual Framework

This study is built upon the concept of behaviors and health proposed by Ferraro in his
interpretation of life course epidemiology. Ferraro (2006) claims that how lifestyle, behaviors,
and social status in early life influence health in later life give important insights in the field of
health and aging. The application of a life course view to the study of health is referred to as life
course epidemiology. Life course epidemiology does not only study the early origin of adult
health and how risk factors cumulatively impact on health in later life, but it also examines the
effect of health behaviors on health.

The effect of health behaviors on health is an important concept in life course
epidemiology because it links health with human agency (i.e., individual choices and
responsibility) and social structure (e.g., social classes and institutions), see Figure 1. Important
differences in health over the life course may be shaped by behaviors over which humans have
some degree of control, and the social structure, which is beyond humans’ control (Ferraro,
2006). This idea conveys a critical concept that individuals have some level of control for how
they behave within their social structure, and their behaviors can make a difference in their
health even under the same levels of risks. In this regard, health behaviors are modifiable and can
protect or damage one’s health in one way or another regardless of the stage of the life course
(Ferraro, 2006). Behaviors that increase the risk of disease are unhealthy behaviors, which harm
individuals’ health. Cigarette smoking, heavy alcohol drinking, and physical inactivity are

widely recognized as unhealthy behaviors since they increase the risk of disease such as
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cardiovascular disease, diabetes mellitus, and hypertension (Kuh et al., 2003). In addition, the
development of health behaviors is associated with socioeconomic status, which either
accelerates or decelerates unhealthy behavior participation (Ferraro, 2006). Individuals with
lower education and income are more likely to smoke cigarettes, consume alcohol heavily, and
have a high calorie diet, all of which increase the risk of diabetes and cardiovascular disease
among this population (Ferraro, 2006).

Ferraro’s concept of behaviors and health is appropriate to a broad range of situations and
populations. In a population-based cross-sectional cohort study of adult African-American twins
enrolled in the U.S. Carolina African American Twin Study of Aging (CAATSA), researchers
use Ferraro’ concept to examine the associations between financial strain, engagement in risk
factors of health, and physical disease (i.e., lung function, cognition, and depression). They find
that participants who reported financial strain as children and as adults are more likely to be
physically disable, and report more depressive symptoms than their unstrained counterparts
(Szanton, Thorpe, & Whitfield, 2010).

Unhealthy
behaviors ¢

Health outcomes
A

A\ 4

v

Individual demographic
factors and social factors

Figure 1. Conceptual framework for unhealthy behaviors and type 2 diabetes diagnosis based on
Ferraro’s life course epidemiology (2006).

To guide this study in addressing unhealthy behaviors relative to the risk of type 2
diabetes among middle-aged and older adults in China, a conceptual model is constructed based
on Ferraro’s work. This literature-based conceptual framework drives the operational model (see

Figure 2) that is examined in this study.
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Predictors: Cigarette smoking, heavy
alcohol consumption, high
carbohydrate intake, and physical
inactivity

\ 4

4 Outcome: Type 2
v diabetes diagnosis

Covariates: Age, gender, '

education, income, and
geographic area of residence

Figure 2. Operational model for unhealthy behaviors and type 2 diabetes diagnosis developed
from Figure 1.

Derived from Figure 1, the operational model in Figure 2 illustrates the relationship
among unhealthy behaviors, socio-demographic factors, and health outcomes, which provides
theoretical support for the present study. According to Ferraro, unhealthy behaviors have a
negative impact on health and might contribute to the occurrence of disease. Related to the
current study, cigarette smoking, heavy alcohol consumption, high-carbohydrate intake and
physical inactivity are unhealthy behaviors that contribute to the occurrence of type 2 diabetes.
Furthermore, as mentioned by Ferraro, individual demographic characteristics (e.g., age, gender,
education, income, and geographic areas of residence) are associated with health behaviors,
which jointly as well as independently influence health (Abbatecola et al., 2009; Ferraro, 2006;
Grant et al., 2009; Meigs et al., 2003). Age is found to be associated with less physical activity
participation and poor diet; men are more likely to smoke and consume alcohol, whereas women
tend to have high carbohydrate intake and be physically inactive (Abbatecola et al., 2009; Grant
et al., 2009; Meigs et al., 2003). This operational model in Figure 2 incorporates variables
representing each unhealthy behavior and sociodemographic covariates to present the

hypothesized relationship between unhealthy behaviors and the risk for type 2 diabetes.

Research Questions

The purpose of this study is to investigate the applicability of findings in Western

literature regarding unhealthy behaviors (e.g., cigarette smoking, heavy alcohol consumption,
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high carbohydrate intake, and physical inactivity) and the risk of type 2 diabetes to middle-aged
and older adults in China. The research question is, “How are unhealthy behaviors associated
with the risk of type 2 diabetes diagnosis among middle-aged and older adults in China?” It is
hypothesized that unhealthy behaviors (e.g., cigarettes smoking, heavy alcohol consumption,
high carbohydrate intake, and physical inactivity) increase risks for type 2 diabetes diagnosis
among middle-aged and older adults in China, and these relationships are influenced by
demographic and socioeconomic factors (e.g., age, gender, geographic area of residence, and
SES).

Study Design

A case-control design and conditional logistic regression (CLR) are used to analyze the
research question. The case-control design is widely used in epidemiology to examine exposure-
disease association (Szklo & Nieto, 2000). A cohort study compares the relative risks of disease
incidence (new cases) between the exposed and the unexposed cohorts. In contrast, a case-
control design compares the relative risk of exposures to risk factors between disease cases and
non-disease controls. In a case-control study, cases are subjects who have a disease at a given
time, while controls are subjects who are free of the disease at that same time. A case-control
study usually compares the odds of being cases and controls with respect to the presence of risk
factors (Szklo & Nieto, 2000; Schlesselman & Stolley, 1982). Table 1 demonstrates the rationale

of a case-control study.

Table 1

Cross-Tabulation of a Defined Population by Exposure and Disease Development*

Exposure Cases Controls (non-cases)
Present (exposed) a b
Absent (unexposed) c d
Total a+c b+d

Note. *From Szklo and Nieto (2000).

As shown in Table 1, a is the number of individuals comprising cases with exposure in a

defined population; b represents the number of individuals comprising non-cases with exposure;
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c is the number of individuals comprising cases without exposure, and d is the number of
individuals comprising non-cases without exposure. The purpose of a case-control study is to
estimate odds ratios of the exposure to risk factors based on the occurrence of disease under
study (Szklo & Nieto, 2000), see Equation 2-3. Odds ratio is the estimate of relative risk, which
is calculated as the ratio of odds of exposure among cases to the odds of exposure among
controls. The odds of exposure among cases is the ratio of the proportion of the exposed to the
unexposed in the case group, while the odds of exposure among controls is the ratio of the
proportion of the exposed to proportion of the unexposed in the control group (see Equations 2-1,
2-2).

Odds exp/cases — #41) = % (2-1)
a+c
b
__bwd _D
Odds exp/controls = N (2-2)
1-G2
2 d
ORexp=f =+ = ORyis (2-3)
d

The current study employs a case-control design rather than a cohort study because of the
low disease incidence rate observed in this study. In epidemiological studies, a cohort study is
one form of examining the exposure-disease association; however, a cohort study with survival
analysis requires a minimum of 5% of the sample developing the disease in each follow-up
measurement. The cohort study uses the hazard ratio to estimate the relative risks of disease
incidence rate within a population. It is not appropriate for studies in which the population of
cases or the population in each follow-up wave is less than 5% of the total sample, such as
observed in this study (Clayton & Hills, 1993).

A case-control design is an alternative for estimating the association between exposure to
suspect risk factors and the disease, given the occurrence of disease (Szklo & Nieto, 2000). In
contrast to a cohort study, which must wait for a “sufficient” number of the disease to accrue, a
case-control design is not sensitive to a small sample size; therefore, the statistical power of the

estimation of odds ratio of disease is not affected (Parodi & Bottarelli, 2005). The goal of the
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current study is to assess the association between behavioral risks and type 2 diabetes given a

type 2 diabetes diagnosis.

Methods

Data Source

This study uses the China Health and Nutrition Survey (CHNS), 1997-2009. The survey
uses a multistage, cluster sampling process to draw a random sample of about 4,400 households
with a total of 26,000 individuals in nine provinces that vary substantially in geography,
economic development, public resources, and health indicators. All data are collected with a self-
reported survey administrated by professionally trained field workers (interviewers). The
baseline data were collected in 1997, with updates in 2000, 2004, 2006, and 2009. Each round of
data includes economic information at both household and individual levels, individual
information on socioeconomic and demographic factors, and nutrition and health measures.
Health and nutrition data provide individual information on dietary intake (sugar, fat, and protein
intake), body composition (e.g., weight, height, and waist circumstance), health history, and
health-related behaviors (e.g., smoking, alcohol consumption, medication, and chronic diseases).
This study uses all survey waves in the 12-year (1997-2009) individual level of data. The
household level of data is also employed but only for income. The data on household income is

merged to the individual data by unique identifier (ID variable) in both data files.

The CHNS is a cohort survey study with a repeated cross-sectional design in which
separate samples are drawn from the same cohort at five different survey years (i.e., 1997, 2000,
2004, 2006, and 2009). Therefore, the same participants may be observed multiple times at
different years. Five percent of the sample has multiple observations for type 2 diabetes
diagnosis, while 95% is only observed once for this disease. The case-control study is cross-
sectional, thus, this longitudinal data has to be transformed into a cross-sectional shape for the
purpose of analysis. In a cross-sectional study, the trend or change patterns of variables over time
cannot be estimated. Instead, the mean scores of variables among participants who have multiple
observations are calculated. The observed scores for those who have single observations for

variables are directly used in the analysis.
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The total number of participants in the CHNS, 1997-2009, is 26,000. This study focuses
on type 2 diabetes diagnosis among adults aged 45 and older. Therefore, children, adolescents,
young adults, and individuals with type 1 diabetes are excluded. In addition, 2% (n = 228) of the
remaining subjects have missing values on the outcome or explanatory variables. These
observations are also excluded from the analysis. After the application of these exclusion criteria,
10,863 subjects including 5,184 (47.7%) men and 5,679 (52.3%) women with a mean age of 65
(SD = 13) comprise the pool from which the diabetic cases and non-diabetic controls are
selected. The case pool comprises 574 participants with type 2 diabetes (potential cases), and the
control pool includes 10,116 participants without type 2 diabetes (potential controls). The final
sample for this study consists of 539 diabetic cases who are one-to-one or one-to-two matched

with 553 non-diabetic controls.

Matching

In a case-control study, associations of interest between exposures and the outcome
variable are prone to be distorted by confounding variables (Parodi & Bottarelli, 2005; Szklo &
Nieto, 2000). Confounding variables, also known as “confounders,” are the group of variables
that have non-causal associations with both exposures and the disease (Parodi & Bottarelli, 2005;
Szklo & Nieto, 2000). Matching is a necessary procedure that allows control for some
confounders (Szklo & Nieto, 2000). Matching makes cases and controls as similar as possible on
variables associated with both outcome and exposures (Clayton & Hills, 1993; Schlesselman &
Stolley, 1982; Szklo & Nieto, 2000). Once cases are matched with controls on certain variables,
the values of matched variables are held constant between cases and controls, and are not
analyzed in the statistical model (Clayton & Hills, 1993).

Age and gender are commonly used to match cases with controls in studies of diabetes,
because both variables are found to be strongly associated with unhealthy behaviors and the risk
of type 2 diabetes (Abbatecola et al., 2009; Jia et al., 2007; Meigs et al., 2003). Age can be
treated either as a continuous variable or a categorical variable. When the sample size of cases is
small and the sample size of controls is large, age is usually treated as a continuous variable; then
cases and controls are matched on exact age since there are enough controls that could be
selected to match with cases on that age. Otherwise, when both sample sizes of cases and

controls are small, age is usually treated as a categorical variable based on age range. The current

18



study matches cases with controls on exact age and gender because the sample size of controls is
large enough (Matthews & Brill, 2011). In most prospective studies, participants’ age is usually
measured in the same survey wave, often at the beginning of the study. However, the age profile
of participants in the CHNS is different, because the time of entry into and exit from the CHNS
varies among participants. To ensure comparability, age is adjusted based on the age as of 1997.
This adjustment for age is used only for the purpose of matching. After this adjustment, again for
the purpose of matching, age and gender are recoded as character variables and concatenated
together as a new identifier variable, age_gender. Cases and controls are then matched on this
variable.

This study uses individual matching: for each case, one or more controls with the relevant
characteristics matching the cases are selected from the pool of eligible individuals (Szklo &
Nieto, 2000). The study employs 1:N age-gender matching; that is, one case matches up to N
controls (the maximum numbers of available controls) on the same age and gender. The matched
controls are randomly selected from a pool of controls. The advantage of 1:N matching is that it
can increase the statistical power in detecting associations between exposures and the health
outcome of interest. In addition, it can ensure adequate sample size to support stratum-specific
estimates (Hennekens & Buring, 1987; Wang, 2012).

For this study, a pool with all cases (individuals with type 2 diabetes, n = 574) and a pool
of possible controls (individuals without type 2 diabetes, n = 10,289) is created. These input data
files store all the potential subjects for the case-control matching. Some respondents are dropped
from the study because of missing data. Figure 3 presents the process of dropping respondents
and matching cases to controls. As shown in the figure, 179 subjects (6 cases from the cases pool
and 173 controls from the controls pool), which accounts for approximately 2% of the total
combined groups, have missing values on household income. In addition, 29 cases (5% out of
568) have missing values on BMI scores. These subjects are excluded before matching. After
this exclusion, the cases pool contains 539 cases: 259 males (48%) and 280 females (52%); the
controls pool contains 10,116 potential controls: 4,827 males (47%) and 5,289 females (52%).
Both pools contain an ID variable, the matching variable of age_gender, explanatory variables
and the outcome variable. Then, controls are selected from the pool of controls to match with
each case in the pool of cases on age_gender. Each matched case-control pair forms one stratum,

matched pair of case-control. This procedure continues to match each case with N control(s)
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until both the case pool and the control pools are empty. The matched pairs are stored in a new
output data file. The final matched data file consists of 96 discordant strata including 539 cases
matched with 553 (5.37% of 10,289) controls. The unmatched controls are excluded from the
analysis. Among the matched case-control pairs, 69.80% (n = 67) are 1:1 matched (one case
matched to one control), and 30.20% (n = 29) arel:2 matched (one case matched to 2 controls).

The entire matching process is conducted with SAS statistical software (9.3).

Total number of population in this study is N = 10,863

— T

Potential diabetic cases N = 574 Potential controls (individuals without
‘ type 2 diabetes) N = 10,289

. : \
6 missing on household income and . :
29 missing on BMI 173missing on household income

| !

Diabetic cases N = 539 Potential controls N = 10,116

Matching on age and gender

Final controls matched with final
— diabetic cases on N =553

Final diabetic cases N =

1casetolor
539 .

2 controls

Figure 3. Numeral composition of cases and controls (including missing values) and matching
process
Variables and Measurements

As presented in Figure 2, the operational model includes the measures that will be tested
in this study. Variables representing unhealthy behaviors are cigarette smoking, heavy alcohol
drinking, high-carbohydrate intake and physical inactivity; the outcome variable is type 2
diabetes diagnosis; covariates are age, gender, education, income, and geographic areas of
residence.

Outcome variable—type 2 diabetes diagnosis. Type 2 diabetes diagnosis is measured

with the interview question, “Has a doctor ever told you have type 2 diabetes?” The diagnosis of
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type 2 diabetes is confirmed by the second questions about age at which the person was
diagnosed with the disease. If participants reported that they were not diagnosed with type 2
diabetes, but reported they were managing the disease or if they gave an age of diagnosis, these
participants were considered to have the disease. The age at which the person was diagnosed
with type 2 diabetes is measured by the question “How old were you when you were told by the
doctor about the situation (diabetes)?” Less than 1% of respondents in the sample report no
diabetes diagnosis but give an age of diagnosis. The variable of diabetes diagnosis is coded as 1
if the response to the question of diabetes diagnosis is yes, and 0 if no.

Predictors—unhealthy behaviors. Unhealthy behaviors in this study are cigarette
smoking, heavy alcohol consumption, high carbohydrate intake, and physical inactivity.

Cigarette smoking. Is defined by individuals who have ever smoked cigarettes. Based on
years of smoking, smoking status is coded as current smokers, past smokers, and never-smokers.
Current smokers are defined as individuals who started smoking cigarettes at any point prior to
or during any survey year and who were currently still smoking cigarettes in 2009. Past smokers
are individuals who smoked cigarettes prior to or during any survey year but had already quit
smoking in 2009. Never-smokers are individuals who never smoked before and were still not
smoking in 2009. Never-smokers are the reference group in this analysis.

Alcohol consumption. Is measured by quantity and types of alcohol consumed per week
in the preceding year. The ethanol content varies by types of alcohols (Liu et al., 2010).
According to the Chinese Food Composition (equivalent to the U.S. FDA) in 2004, 50 grams of
hard liquor contains 21.85 grams of ethanol, 50 grams of light liquor has 15.75 grams, one 640-
gram-bottle of beer has 31.36 grams and 50 grams of wine has 5.2 grams (Liu et al., 2010). Thus,
the average daily ethanol consumption in grams (g) is calculated by multiplying the quantity of
alcohol consumption (g/week) by the standard ethanol content (g) for each type of alcohol,
summing across types and then dividing by seven (7 days). For subjects who are observed at
multiple time points on daily ethanol consumption (more than 98%), their individual mean score
of daily ethanol consumption is calculated by adding all scores on daily ethanol consumption
divided by the number of observations. The daily ethanol scores of subjects who are observed
only once for daily ethanol consumption (less than 2%) are directly used. The Chinese literature
indicates that average daily alcohol consumption of 50 g or more is considered heavy drinking,

and average daily alcohol consumption of less than 50 g is considered moderate drinking (Liu et
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al., 2010). The current study employs this cut-off point to code two separate sets of dichotomous
categories: heavy drinker (50 g or more) as 1 and moderate drinker (0-50 g) as O in one set;
abstainers as 1 and moderate drinker as 0 in the other set.

Carbohydrate intake. Is the average daily individual carbohydrate intake in grams (g)
between Monday and Sunday. In the CHNS, both individual and household levels of
carbohydrate consumption are both collected by professionally trained interviewers. For both
levels, three consecutive days were randomly selected from Monday to Sunday, during which
detailed carbohydrate intake data were collected and equally balanced across seven days. During
the three consecutive days, the household carbohydrate intake was determined by examining
changes in food inventory from the beginning to the end of each day, in combination with a
weighing and measuring technique. Scales with a maximum limit of 15 kilograms and a
minimum of 20 grams were used. All processed foods (including edible oils and salt) before
initiation of the household survey and remaining after the last meal were weighed and recorded.
All purchases, home production, and processed shack foods were recorded. Whenever foods
were brought into the household unit, they were weighed, and preparation waste (e.g., spoiled
rice, discarded cooked meals fed to pets or animals) was estimated when weighing was not
possible. At the end of the surveys, all remaining foods were again weighed and recorded. The
number of household members was recorded at each meal. The average daily carbohydrate
intake for each household member was calculated separately from other kinds of food based on
the number of household member and the total household carbohydrate intake.

During the same three consecutive days, individuals were asked each day to report all
food that they consumed within and outside the home on a 24-hour recall basis. The individuals’
daily within-home carbohydrate intake was calculated by interviewers from the household
carbohydrate intake. The individuals’ daily carbohydrate intake was calculated based on the total
carbohydrate intake from all food consumed (within and outside home) during the three

consecutive days and equally balanced to seven days.

In this study, daily individual carbohydrate intake is used. Mean score of daily
carbohydrate intake is calculated for individuals who are observed at multiple time points (less
than 2%). For individuals who are only observed at one time point, their daily carbohydrate

intake score at that time point is used. There is a lack of evidence on the threshold amount of
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carbohydrate intake related to the risk of type 2 diabetes; therefore, the variable of carbohydrate

intake is treated as a continuous variable.

Physical activity. Is measured using minutes of participation in specific types of exercise
per week. In the CHNS, physical activities are divided into three types based on the purposes of
the activities. Physical activities during work are occupational activities; activities during leisure
time are leisure-time activities; activities for commuting to work are commuting activities.
Participants are asked to report the duration (how many minutes) of their engagement in
occupational activities, leisure-time activities, and commuting activities per week. Occupational
activities include walking, farming, dancing, lifting, and carrying heavy items (e.g., lumber and
steel workers); leisure-time activities include martial arts, gymnastics, dancing, running,
swimming, ball games, track and field, and Taichi; commuting activities are walking, biking,
taking the bus, taxi, or subway, and motorcycling.

Existing literature suggests that participation in 30 minutes of leisure-time physical
activity at least three times a week protects individuals from diabetes (Plotnikoff et al., 2010;
Sigal et al., 2006). Hu et al. (2003) found that middle-aged and older Finnish adults who
concurrently perform two or three types of activities (occupational, commuting, and leisure-time)
for 30 minutes per day, three times a week (90 min/week) have a lower risk of type 2 diabetes
than those who perform only one type of physical activity. Public health and diabetes-specific
guidelines also suggest the protective effect of 90 min/week of physical activity on type 2
diabetes. Individuals participating in physical activity for 90 minutes or more are considered
physically active; those who do less than 90 minutes are considered physically inactive
(Kavanagh et al., 2010; Plotnikoff et al., 2010). However, in general, older persons are less
likely to walk or cycle to and from work or be engaged in higher levels of occupational or
leisure-time physical activities (Hu et al., 2003; Li et al., 2008). Thus, the 90 min/week threshold
may not be suitable for older adults. Instead, 30 minutes of daily physical activity twice a week
(60 min/week) is a more realistic threshold for older adults in studies of type 2 diabetes (Agurs-
Collins, Kumanyika, Ten Have, & Adams-Campbell, 1997). The current study considers the total
minutes of all types of physical activity per week when measuring physical activity participation.
There is a lack of evidence demonstrating that the risk of type 2 diabetes decreases with every

one-minute increase in physical activity. Therefore, it is conceptually meaningful to use 60
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minutes as a threshold for coding the variable of physical activity dichotomously. Mean score of
weekly duration (minutes) of physical activities for individuals observed at multiple time points
are calculated by adding minutes of physical activity across all time points and dividing by the
number of observations; for individuals who have been observed once at one time point, their
total minutes of weekly physical activities at that time point are used. In the present study,
weekly participation in physical activity of less than 60 minutes is considered physically

inactive, coded as 1; 60 minutes or more is considered physically active and coded as 0.

Covariates—body mass index (BMI), demographic factors, and socioeconomic
status. Body mass index (BMI) is calculated by using average weight (kg) and height (m) with
the function BMI = weight (kg)/height? (m?). According to Chinese criteria, individuals with
BMI > 28 kg/m? are considered “obese,” 24kg/m? < BMI < 28 kg/m? are “overweight,” 18.5
kg/m?< BMI < 24 kg/m? are “normal,” and BMI < 18.5 kg/m? are “underweight” (Hu et al.,
2007; Wang et al., 2007; Wildman, Gu, Reynolds, Duan, & He, 2004). Based on this standard,
BMI > 28 kg/m?, is coded as 1, designating “obese,” and BMI < 28 kg/m?, is coded as 0,
indicating “non-obese.”

Geographic area of residence refers to rural and urban residence. In the CHNS, rural
residents are predominately farmers who live in villages but not in cities or towns; urban
residents refer to people who live within cities or towns and who are not engaged in farm work.
Geographic area of residence is coded as 1 for urban area and 2 for rural area. For the
convenience of analysis, rural area is recoded as O.

Socioeconomic status (SES) is measured by two separate variables: education and
household income. Education is defined as the highest level of education that participants
attained. There are six possible responses for the variable of education: 1 = finished from
primary school (6 years), 2 = middle school (3 years), 3 = high school (3 years), 4 = technical
or vocational degree (4 years), 5 = university or college degree (4-5 years), 6 = master or
higher degree (3-6 years). In China, technical or vocational degree is a lower level of degree
than college. Most of the participants in this study had relatively low levels of education: 5.2% of
participants (n = 556) had technical or vocation degree; 4.5% (n = 484) had university or college
degree; 0.1% (n = 8) had master or higher degree; 12.3% (n = 1,316) had high school degree, and

77.7% had middle school and lower degree. If the proportion of a category within a categorical
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variable is too small, it is appropriate to collapse that category with its adjacent categories for
either practical or theoretical reasons in log-linear analysis (Allison, 1980). Therefore, in a
practical sense, responses 1 and 2 are collapsed, and responses 3, 4, 5, and 6 are collapsed. The
variable of education is recoded dichotomously: 0 = middle school and lower, 1 = high school
and above. After recoding, 22.3% of the participants have a high school and above degree (n =
2,364), while 77.7% of the participants have middle school and lower education (n = 8,303).
Total household income is defined as the gross annual income (in yuan) [according to the
currency exchange rate in 2009, 1000 yuan equals $143] from all resources (including individual
wages, farming, livestock, fishing, private business, gardening, and handicrafts) of a household
in the past 12 months. In the CHNS, the household income recorded in 1997, 2000, 2004, and
2006 were corrected based on 2009 dollars to adjust for the rising cost of living; in addition the
measure is adjusted for variation in household size (number of members in a household).
Household income is a more realistic measure for reflecting economic status than individual
income, and total household income may better reflect the income per capita in families (Xu et
la., 2006). In China, older adults usually live together with their children, and parents or
grandparents may have lower or no income (or a pension) in many families, particularly in rural
areas (Xu et al., 2006). Therefore, the economic situation of parents or grandparents might
heavily depend on their families and total household income. Mean household income is
calculated for respondents who have multiple observations of household income. For
respondents who only have single observations of household income, their household income is

directly used in the analytical model.

Analysis

Conditional logistic regression (CLR) is used to analyze the association between
unhealthy behaviors and the diagnosis of type 2 diabetes. CLR is most frequently used in
matched case-control studies in which cases and controls are individually matched (Szklo &
Nieto, 2000). Each matched set/pair of case-control is one stratum. The CLR model is analogous

to regular logistic regression model:

1 _ P _
Pyl = 1+eBotB1x) =Ig (E) = Bo + B1x, (2-4)
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except that the regression intercept (i.e., 8, or the baseline risk) in the CLR model is
“conditioned out” of analysis. In a case-control study, CLR is used to estimate the association of
within-stratum exposures and the outcome (“Conditional Logistic Regression,” 2006).Within
each matched stratum, the baseline risk for the cases and controls are the same because they are
matched or conditioned on the same characteristics such that the estimation of intercept S,
should be eliminated. Instead, parameters representing exposures associated with cases and
controls within the strata (pairs of cases-control, i.e., 8, 2, B3 etc.) are only considered (Szklo
& Nieto, 2000), see Equation 2-5

eBo+XcaseB eXcaseB eXcaseB
=bo = (2-5)

%) eﬁ0+xcaseﬁ+€ﬁ0+xcontr°lﬁ Bo excaseﬁ*'exmntmlﬁ excasel?+exc°ntmlﬁ '

In the current study, x 45 aNd X oneror IN EQuation 2-5 represent diabetics and non-
diabetics, respectively. The diabetics and non-diabetics are matched on exact age and gender,
and each matched “diabetics—non-diabetics” forms one stratum. Within each matched stratum,
the baseline risk for diabetics and non-diabetics are the same since they are matched on the same
age and gender such that the estimation of intercept S, in Equation 2-5 is eliminated.

Parameters representing unhealthy behaviors associated with diabetes within stratum (i.e.,

Bsmoking Paiconots Bphysical activity: 3 Bearbonydrate intake) are considered.

Furthermore, CLR is utilized to address the heterogeneity regarding the association of
exposures and the outcome between cases and controls (“Conditional Logistic Regression,”
2006). If both cases and controls in the pair have the same outcome (e.g., Xcase = Xcontrol = 1, bOth
exposed, or Xcase = Xcontrol = 0, both unexposed), there is no information about the association
between the covariates and the outcome (this could be due to the matching variables or due to the
covariates). Only discordant strata on the outcome are informative (e.g., Xcase = 1 and Xcontrol = 0
Or Xcase = 0 and Xcontrot = 1), Since it is assumed to be due to the covariates, not the common
matching variables (“Lecture 12,” n.d.). In other words, if Xcase = Xcontrol = 1 (b0th exposed) or
Xcase = Xcontrol = O (both unexposed), these matched pairs are not helpful to estimate £; only those
for which Xcase = 1 and Xcontrot = 0 OF Xcase = 0 @nd Xcontrot = 1 are meaningful for estimating f. The

rationale on how discordant matched cases and controls used in CLR is demonstrated in Table 2.
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Table 2

Case-Control Pairs Used in Conditional Logistic Regression (CLR)*

Case exposed Case unexposed
Control exposed N1 N1
Control unexposed Ny Ngo

Note. *Matched case-control pairs must be discordant on the outcome and exposures.

The data in the current study are arranged by matched strata of diabetics (case) to non-
diabetics (control) based on the same age and gender, in which more than 69.80% have one case
matched with one control, and less than 30.20% have one case matched with two controls. Given
exposure to unhealthy behaviors, there are 96 discordant strata (i.e., Xgiapetics = 1 @and Xnon-diabetics =
0 Or Xgiapetics = 0 @and Xnon-dianetics = 1) that are meaningful to estimate g in Equation 2-5, which is
the parameter for unhealthy behaviors.

Assuming the diabetic case of 96 discordant sets of size n; for the ith set, i=1, ...,
N(N=96), the jth member of the ith set has covariate vector xij:(xijl...xijp)T fori=1,...,96;]=1,
...N;j. According to Lachin (2011), “The members of matched sets share the characteristics (have
the identical values on the matching variables) that are represented by the covariates used for
matching. For the ijth member, if y;; is an indicator variable representing cases (D: y;;= 1) and
controls (D: y;; = 0), a logistic regression that specifies the probability of the response ;; for the
ijth member is a logistic function of the covariates m;j;.” (p. 297). The model assumes that the
covariates have a common effect on the odds of the response over all matched sets represented
by the coefficient vector § = (B, ....ﬁp)T. Then model is then:

/
xl-+xl-jB

Pi(Dxij) = mij = mi(xy;) = :J‘TJ’* : (2-6)

According to Equation 2-6, unhealthy behaviors including cigarette smoking, heavy
alcohol consumption, physical inactivity, and high carbohydrate intake are assumed to have a

common effect across 96 discordant strata on the risk for developing type 2 diabetes.
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Assuming the conditional probability of interest for the ith stratum is the probability of
my; representing the covariate vectors xi, ..., Xm1i Of cases and the probability of my; representing

the covariate vectors Xmai+1),. .., Xni Of controls, the conditional likelihood for the ith stratum is

l'[;-n:li i) T [1-m;(x5)]
Li|m1i,ni = ()

J=Mi1+1 . (2_7)
myi

mq; n;
Yoy l'[j(ll)’zl i (Xij1)) Hj(ll)=m1i+1[l_ni(xij(l))]

In Equation 2-7, “the denominator is the sum of all possible combinations of m; of n;
cases and my; subjects of controls. Within the Ith combination j(I) then indicates the original
index of the member in the jth position” (Lachin, 2011, p. 300). Therefore, Equation 2-7 is used
to estimate the log likelihood/odds ratio (OR) of type 2 diabetes diagnosis for the ith discordant
strata given exposure to unhealthy behaviors. To get the log likelihood, substituting ; (xij) in
Equation 2-7 with the probability function expressed with natural log in Equation 2-6, the

adjusted Equation 2-8 is

!
I‘[r_rillexlj
— J=1
Ll|m1l‘nl - ( n; ) , . (2_8)
sy s

Thus, for 96 matched sets, the conditional likelihood is L()(8) = II;Lijm,,, and the log

likelihood is Equation 2-9:
Liy(B) = Xilijm,,, (B - (2-9)

Equation 2-8 is the ultimate equation for producing the summation of odds ratios. The
odds of exposure to cigarettes smoking, alcohol consumption, carbohydrate intake, and physical
activity between cases and controls given type 2 diabetes diagnosis for each stratum is compared
and calculated with Equation 2-8. Equation 2-9 is used to sum the odds ratios of all 96 strata to
obtain the overall odds ratio estimate for the hypothesized model. The conditional logistic
regression model is performed with PROC LOGISTIC and STRATA statement with 95%
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confidence intervals (CI) using SAS statistical software (version 9.3).
Results

Descriptive statistics including means, standard deviations, proportions, and bivariate
tests (t-test for continuous variables, Chi-square test (y?) for categorical variables) are used to
assess the characteristics of the matching variables, the explanatory variables, and the outcome
variable. Table 3 summarizes the demographic characteristics of cases and controls after
matching. There are 539 cases; 259 males (48%) and 280 females (52%) matched with 553
controls comprising 265 (48%) men and 288 (52%) women from the pool of controls. The mean
age of the matched cases-controls is 71(SD = 11.15). Fifty-two percent of cases live in urban
China compared to 37% of controls. The numbers of individuals with college and higher
education in both case and control groups are small (10% and14%, respectively). The
distributions of household income are similar between cases and controls. The median household
income of the cases is 27,827 yuan (SD = 42,157) and the mean income of controls is 27,903
yuan (SD = 36,334). There are more subjects whose BMI values are > 24kg/m? (cut-off point of
“overweight”) among the cases than the controls. Fifty-three percent of cases are overweight or
obese compared to 39% in the controls; 37% of cases have normal BMI values versus 50% in the
matched controls. For cigarette smoking status, there are more past and current smokers among
cases than controls (9% vs. 4% for past smokers; 13% vs. 5% for current smokers). Furthermore,
70% of subjects are abstainers in the case group and 74% in the control group; 93% of subjects
are physically inactive in the case group and 97% in the control group.

As shown in Table 3, the Chi-square test (x?) shows that type 2 diabetes diagnosis is
associated with all variables representing unhealthy behaviors as well as major demographic
covariates. Specifically, type 2 diabetes diagnosis is highly significantly associated with urban
residence, high school and higher levels of education, high BMI values, past and current
smoking, heavy alcohol drinking, and physical inactivity (p <.001). Moreover, according to the
t-test, the characteristics of household income and carbohydrate intake are significantly different
between cases and controls (p < .001). The average daily carbohydrate intake is higher among
cases, 361.2 g (SD = 211.2), than that among controls, 295.9 g (SD = 116.8).
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Table 4 shows the outcomes of the CLR analysis used to investigate the association
between unhealthy behaviors and type 2 diabetes diagnosis. The overall hypothesized model fits
the data adequately (y? = 1118.87, df = 9, p <.01). Given a specific age and gender, active
cigarette smoking, high carbohydrate intake, and physical inactivity are significantly associated
with higher risk of type 2 diabetes diagnosis. For every one-unit increase in average daily
carbohydrate consumption, there is approximately 1% increase in the odds of being diagnosed as
type 2 diabetes (OR = 1.01, 95% CI, 1.01-1.02). In terms of cigarette smoking, past smokers are
nearly twice more likely to be diagnosed with type 2 diabetes (OR = 1.89, 95% Cl, 1.14-3.15)
than never smokers, and current smokers are almost 2.5 times (OR = 2.48, 95% Cl, 1.49-4.12)
more likely to be diagnosed with the disease than never smokers. For individuals who are
physically inactive, the odds of being diagnosed with type 2 diabetes is 1.3 times more than those
who are physically active (OR = 1.27, 95% ClI, 1.12-2.15).

Furthermore, the effect of demographic characteristics or socioeconomic factors on the
type 2 diabetes diagnosis is similar to findings in the Western literature. Given a specific age and
gender, urban residents are approximately 2.6 times (OR = 2.61, 95% ClI, 0.24-2.86) more likely
to be diagnosed with type 2 diabetes than their rural counterparts while holding other variables
constant in the model (if an odds ratio is smaller than 1, the reciprocal of that odds ratio should
be used for interpretation, according to Davies, Crombie, & Tavakoli, 1998). In a like manner,
given a specific age and gender, individuals with a high school and higher degree are 2.5 times
(OR =2.54, 95% CI, 2.23-2.89) more likely to be diagnosed with type 2 diabetes than those with
middle-school or lower level of education while holding other variables constant. Despite a small
odds ratio, the diagnosis of type 2 diabetes varies by household income. For every one-unit
increase in the household income, there is approximately 1% increase in the odds of being
diagnosed for type 2 diabetes (OR = 1.01, 95% CI, 1.01-1.02). For instance, for every thousand
yuan (every $143) increase in the household income, the odds of being diagnosed for type 2
diabetes is increased by approximately 1%. In addition, the disease diagnosis varies in BMI
values. The odds of being diagnosed with type 2 diabetes for individuals who are obese is 1.5
times higher (OR = 1.48, 95% CI, 1.09-2.01) than for those who are not obese.
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Discussion

Compared to a large body of literature regarding behavioral risks for type 2 diabetes
conducted in Western populations, studies for the Chinese population, particularly with a focus
on middle-aged and older Chinese, are extremely limited. For this reason, building upon the
conceptual model developed from Ferraro’s work on health behaviors and health (2006), the
current study analyzes the research question, “How is type 2 diabetes diagnosis associated with
unhealthy behaviors among middle-aged and older adults in China?” It is hypothesized that
unhealthy behaviors (e.g., cigarette smoking, heavy alcohol drinking, high carbohydrate intake,
and physical inactivity) increases risks for type 2 diabetes diagnosis among middle-aged and
older Chinese; such a relationship is influenced by demographic and socioeconomic factors.
Findings indicate that major unhealthy behaviors are significantly associated with a higher risk
of type 2 diabetes diagnosis among middle-aged and older adults in China. The study finds that
past and current cigarette smokers are more likely to be diagnosed with type 2 diabetes; higher
daily carbohydrate intake increases the risk of being diagnosed with the disease; and physical
inactivity increases the risk for type 2 diabetes. These findings are consistent with many other
Western studies, which imply that the Western model might apply to the Chinese population.

Further, the results of this study suggest that people with higher levels of educational and
income are more likely to be diagnosed with the disease. Such findings differ from Western-
based conclusions. These studies claim that SES is inversely associated with the risk of type 2
diabetes (Choi & Shi, 2001; Robbins et al., 2001). In China, individuals with higher SES tend to
live in urban areas with sedentary occupations working on computers and spending less time in
physical activities. Furthermore, their diet is more westernized. Thus, they are more likely to
consume more sugar and fat, but less vegetable fiber. Medical techniques are more advanced in
urban China, and people with higher SES are more likely to use health services and be able to
afford medical examinations and diabetes screening tests. In contrast, individuals who live in
rural areas and people with lower income are less likely to consume carbohydrates and fat but
more likely to consume fiber, which lowers the risk for type 2 diabetes. In addition, the disease
might be under-diagnosed in rural China due to limited access to health services and the large
number of individuals with lower education and income, who may have little knowledge

regarding the importance of health screening or may not be able to afford medical examinations.
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However, it is also important to address potential limitations of this study. The primary
limitation of the case-control design is that it is prone to biases such as selection and recall
biases. The matching process of the case-control study is “artificial.” The cases are not randomly
assigned to controls but paired based on certain criteria, which contributes to the selection bias.
Second, the cross-sectional study design along with a higher proportion (95%) of single
observations for type 2 diabetes diagnosis in this study’s sample, prohibits examination of the
duration of diabetes and the trend or change patterns of unhealthy behaviors on the risk of
diabetes. Therefore, the causal relationship between unhealthy behaviors and type 2 diabetes
diagnosis cannot be tested in the current study. Third, the intensity of smoking (how many
cigarettes are smoked) is only available for current smokers in the CHNS. The current study is
not able to test the prediction of intensity and frequency of smoking for the risk of type 2
diabetes. Therefore, the result on cigarette smoking should be used and interpreted with caution.
Fourth, the higher prevalence of alcohol abstainers in both cases and controls limits the ability to
test prediction of alcohol consumption on the risk of type 2 diabetes. This is possibly related to a
cultural preference for avoiding alcohol in order to promote health and tea drinking. In China,
people, particularly older adults, drink tea more than alcohol (Ji et al., 1996). Additionally,
disease-related abstinence from alcohol might be a potential cause. The mean age in the current
study is 65, and it is reasonable to assume that this population may have quit alcohol drinking
due to pre-existing health issues other than type 2 diabetes before being interviewed. However,
this information is not available from the CHNS. Similar to alcohol abstinence, physical
inactivity rate in both cases and controls is high. The uniformity of physical inactivity might
potentially be related to social expectations for older adults. In the Chinese culture, older adults
are expected to move slowly and stay calm (Li et al., 2008). Although physical inactivity is
significantly associated with a higher risk of type 2 diabetes diagnosis, the results on physical
activity have to be interpreted cautiously. Last, the use of a self-reported questionnaire to collect
data on health behaviors and diabetes diagnosis is vague and imprecise. Misclassification is
inevitable and usually results in a biased estimate of the association between predictors and the
outcome variable.

Given these limitations, this study suggests various inquiries for future research. First, the
causal relationship between health behaviors and type 2 diabetes diagnosis needs to be

investigated for the Chinese population. Such an investigation can improve researchers’
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understanding of the behavioral determinants of type 2 diabetes among middle-aged and older
Chinese. A longitudinal model analyzing the causal relationship can better depict the
development of one’s lifestyle from early to the later life and dynamically investigate how
individuals’ lifestyles develop and how lifestyle is related to type 2 diabetes.

Second, a study with a particular focus on Chinese baby boomers, who were born during
the 1950s and 1960s, would be compelling in the studying of type 2 diabetes. The Chinese baby
boomers are also known as an “unlucky generation” because they experienced sharp economic
and political reforms as well as the nationwide great famine in 1960. This generation suffers
from mediocre education, interrupted working lives, reduced ability to save, and being in old age
with only one child to help them. Their early-life experience contributes to their lower
socioeconomic status and limited access to nutritional knowledge and healthcare services. Their
diet might be unhealthy, and they are more likely to consume oil and animal food due to their
early-life famine; they are not able to afford medical screening and treatment. These are possibly
related to type 2 diabetes diagnosis. Thus, it would be interesting to explore the long-term effect
of the lifestyle change on the incidence of type 2 diabetes among this population.

Third, measures of variables in studies of type 2 diabetes are worthwhile to consider
regardless of culture. Both self-reported survey results and clinical records for type 2 diabetes
should be used for older adults. Clinical records would be beneficial in excluding asymptomatic
diabetes for screening purposes and recall bias (Hu et al., 2003). This is particularly important
for older adults, since they might have problems with recall of diagnosis. Additionally, life-long
alcohol abstainers should be distinguished from due-to-disease alcohol abstainers using
different survey questions. These questions are critical to improve the analysis of the association
between alcohol consumption and risk of type 2 diabetes by filtering the influence of pre-existing
health issues. Questions on drinking patterns should be considered as one measure of alcohol
consumption. Prior Western studies have claimed the importance of assessing the influence of
drinking patterns on the risk for type 2 diabetes (Beulens et al., 2005; Koppes, Bouter, Dekker,
Hendriks & Heine, 2005). Despite the lack of solid evidence, Western scholars assume that the
risk for type 2 diabetes is different between regular drinkers and binge drinkers, and that the risk
may be higher among binge drinkers. It would be interesting to learn how different the risks for

type 2 diabetes between regular drinkers and binge drinkers are in a Chinese context.
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Last, the perception of physical activity for health improvement and “being physically
active” among the Chinese population requires more investigation in studies of type 2 diabetes.
Prior literature suggests that sociocultural contexts may affect involvement in, attitude towards,
and commitment to physical activity and an active lifestyle (Henderson & Ainsworth, 2003). The
perception and expectation of physical activity is different between ethnic groups; for example,
American-Indian women’s interpretation of physical activity patterns and levels of activity for
health improvement is different from that of African-American women (Henderson &
Ainsworth, 2003). This evidence might also hold true for the Chinese middle-aged and older
adults. The Chinese middle-aged and older adults normally participate in slow and moderate
leisure-time physical activity for socialization and health promotion (Lu & Hu, 2005). Most of
them have retired, and leisure-time activities are a crucial part of their life. It is meaningful to
understand what leisure-time physical activity they perform and the type 2 diabetes diagnosis
among this population. Therefore, questions and measures for physical activity in Chinese
studies might be structured differently from those in Western studies. In addition, the criteria for
being physically active, particularly for older adults, should be revisited and revised. This study
shows that the 30minutes duration and twice-per-week standard might not be an appropriate cut-
off point to categorizing “physically active” or “physically inactive” for middle-aged and older
Chinese. Perhaps this standard can be lowered.

Finally, findings of the current study suggest the necessity of translating the research
results into pragmatic applications and generating realistic strategies to narrow the gap between
urban and rural healthcare in China. Education regarding health behaviors and health,
particularly the long-term effects of health behaviors on health, should be promoted among
middle-aged and older adults and individuals with lower education in rural China. Health
intervention programs in relation to diabetes should be created and promoted in both urban and
rural China. Additionally, enhancing access to affordable health services and screening tests for
type 2 diabetes, particularly in rural areas, should be seriously considered by policymakers in
China.
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Table 3
Characteristics of Cases (Individuals with Type 2 Diabetes) and Controls (Individuals without Type 2
Diabetes), 1997-2009

Variables Cases (individuals with type 2 Controls (individuals
diabetes) without type 2 diabetes)
n (%) n (%)
N =539 N =553

Age (years) x*=71(SD =11)

Gender

Men (1) 259 (48%) 265 (48%)

Women (0) 280 (52%) 288 (52%)

Geographic area of residence

Urban (1) 280 (52%) *** 205 (37%)

Rural (0) 259 (48%) 348 (63%)

Education

College and higher (1) 75 (14%) *** 55 (10%)

Middle school and lower (0) 464 (86%) 498 (91%)

Total household income(yuan) %°=127,827 (SD = 42,157)* %"= 27,903 (SD = 36,334)

BMI

Obese (>28kg/m?) (1) 138 (26%) *** 83 (15%)

Non-obese (<28kg/m?) (0) 401 (74%) 470 (85%)

Carbohydrate intake (g/day) x*=361.2 (SD=211.2)***  x=295.9(SD =116.8)

Smoking status

Past smokers (1) 49 (9%) *** 22 (4%)

Current smokers (1) 70 (13%) *** 28 (5%)

Never-smokers (0) 426 (79%) 503 (91%)

Alcohol consumption (g/day)

Heavy drinkers (1) 49 (9%)* 50 (9%)

Abstainers (1) 398 (74%) 387 (70%)

Moderate drinkers (0) 92 (17%) 83 (15%)

Physical activity

Inactive (1) 504 (93%) *** 536 (97%)

Active (0) 35 (7%) 17 (3%)

Note. *p < .05; **p < .01; ***p < .001. Continuous variables are household income, carbohydrate intake,
and age; the remaining variables are categorical variables.
a. Comparisons between cases and controls.
Associations among categorical variables are tested using Chi-square y2test.
Differences in mean among numeric variables are tested using t-test.
b. % is median household income. To avoid the influence of extreme values of income, the median
household income is calculated and compared between case and control groups in the t-test.
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Table 4
Outcomes of Conditional Logistic Regression (CLR) Analysis for Case-Control Study

Risk lifestyle exposures and reference Estimated SE  (OR)™ 95% Cl
groups coefficient

(B)
Geographic area of residence 0.96 0.04 2.62** [0.24, 2.86]
Rural (1) vs. urban (0)
Education 0.93 0.06 2.54** [2.23,2.89]

College and higher (1) vs. middle school
and lower (0)

Household income (yuan) 0.01 0.00 1.01** [1.01,1.02]
BMI*

Obese (1) vs. non-obese (0) 0.39 0.15 1.48** [1.09, 2.01]
Carbohydrate intake (g/day) 0.00 0.00 1.01** [1.01,1.02]
Smoking status

Past smokers (1) vs. never smokers (0) 0.63 0.26 1.89** [1.14, 3.15]
Current smokers (1) vs. never smokers (0) 0.91 0.26 2.48** [1.49,4.12]
Alcohol consumption (g/day)

Heavy drinkers (1) vs. moderate drinkers(0) 0.18 0.18 0.84 [0.59, 1.20]
Abstainers (1) vs. moderate drinkers (0) 0.22 0.07 0.80 [0.66, 1.29]

Physical activity (minutes/week)
Inactive (1) vs. active (0) 0.24 0.14 1.27** [1.12,2.15]

Note. *p <.05; ** p< .01; *** p < .001.

CI = confidence interval.

+BMI = weight (kg)/height? (m?).

++Adjusted relative odds ratio (OR) = odds of exposures among cases/odds of exposures among
controls adjusted for age and gender.
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Appendix A

Summary of Type 2 Diabetes Related Studies Conducted among the Population in China

Da Qing study

(northeast China)

Study in Shanghai
(east coastal city)

International

collaborative study
of cardiovascular

disease in Asia
(InterASIA)

Qing Dao study

(east coastal city)

Study Level  Time Population of  Research Results
interest objectives
Regional 1986-1992  25-74 years Diet and Combined lifestyle intervention (i.e., diet
study with 20- old physical and exercises) reduced the incidence of
year follow- exercise on the  type 2 diabetes by 51% during the active
up prevalence and intervention period and by 43% over the
incidence of 20 year period
type 2 diabetes
Regional 1998-2001  20-94 years Prevalence and  The relative risk of developing diabetes
study old incidence of was significantly higher in subjects with
type 2 diabetes  impaired glucose regulation (IGR) than
those with non-impaired glucose
National 2000-2001  35-74 years Prevalence and  5.2% or 12.7 million men and 5.8% or
study old incidence of 13.3 million women in China aged 35 to
type 2 diabetes 74 years had type 2 diabetes. The age-
standardized prevalence of diabetes was
higher in residents of northern compared
to southern China and in those living in
urban compared to rural areas
Regional 2001-2002  20-74 years Prevalence of Diabetes prevalence increased with age up
study old type 2 diabetes  to the oldest age group (70-74); in

in Chinese
population in
rural and urban
areas of Qing
Dao city

subjects over 50 years of age, the
prevalence reached 10%. Men tended to
have a higher prevalence of known
diabetes than women. Diabetes was more
prevalent in the urban than the rural
population
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