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Abstract

Objectives We studied the prevalence of self-reported

diabetes mellitus in selected years from 2001 to 2008, and

evaluated the factors associated with diabetes.

Methods From territory-wide household interviews in a

Chinese population in the years 2001, 2002, 2005 and

2008, we evaluated the trend of self-reported diabetes with

respect to age, sex and household income. Binary logistic

regression analyses were conducted to study the indepen-

dent factors associated with diabetes.

Results From 121,895 respondents in the household sur-

veys, 103,367 were adults aged 15 years or older. Among

male respondents, the age- and sex-adjusted prevalence of

diabetes in 2001, 2002, 2005 and 2008 was 2.80, 2.87, 3.32

and 4.66 %, respectively; while among female respondents

the respective prevalence was 3.25, 3.37, 3.77 and 4.31 %.

In all the years, the prevalence escalated with age and

increased sharply among the poor. From binary logistic

regression analyses, advanced age and low monthly

household income were significantly associated with self-

report of diabetes.

Conclusions This study showed a rising trend of diabetes

mellitus in a large Chinese population and found a strong

association between population demography and diabetes.

Keywords Diabetes mellitus � Prevalence � Age �
Gender � Socioeconomic status

Introduction

Diabetes mellitus imposes a substantial burden to the

healthcare system and is recognized as a worldwide health

crisis (Feinglos and Bethel 2007). There is an estimated

20.8 million people affected in the US in 2002, and the

costs incurred amount to $132 billion (Hogan et al. 2003).

The World Health Organization estimates for the number

of persons affected by diabetes were 171 millions in 2000

and 266 millions in 2030 (Wild et al. 2004), while the

International Diabetes Federation estimates were 246 mil-

lions in 2007 and 380 millions in 2025 (International

Diabetes Federation 2006). A significant increase in the

number of people affected by diabetes is expected in the

next few decades.

Varying prevalence rates of diabetes were reported in

different countries. According to the National Health and

Nutrition Examination Survey (NHANES), the prevalence

of diabetes was 9.3 % among adults aged 20 years or older

(Cowie et al. 2006). In the UK, the prevalence of type 2

diabetes was 3.2 and 4.7 % in Europoid men and women,

respectively; while among Asians living in the same city of

Coventry, the respective figures were 12.4 and 11.2 %

(Simmons et al. 1991). It was found that the higher prev-

alence of diabetes in Asians than the Europoids were not

attributable to obesity, implying that a lesser extent of

excess of adiposity is required in Asians than in Europoids

for the development of diabetes. Ethnicity therefore plays

an important role in precipitating diabetes.

The International Collaborative Study of Cardiovascular

Disease in Asia conducted in 2000–2001 found that the
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prevalence of self-reported diabetes was 1.3 % (Gu et al.

2003), and the age-standardized true prevalence of diabetes

was higher in subjects living in northern compared to

southern China (7.4 vs. 5.4 %, p \ 0.001). In addition,

those living in urban areas had higher prevalence than

residents in rural areas (7.8 vs. 5.1 %, p \ 0.001). Hong

Kong is one of the most rapidly developing economies in

Asia (Leung et al. 2005); its westernization, urbanization

and cultural mix due to population mobility could con-

tribute to a higher diabetes prevalence. Previous studies in

Hong Kong showed that the prevalence ranged from 2 % in

people aged \35 years to 20 % in those 65 years or older

(Chan et al. 2009; Department of Health, The Government

of Hong Kong Special Administrative Region 2012; Janus

et al. 2000). The incidence of diabetes is increasing in

Hong Kong, but more than half of those affected remain

undiagnosed (Janus et al. 2000; Wong and Wang 2006). By

2025, it was estimated that 12.8 % of the Hong Kong

population, or 1 million people, will suffer from diabetes

(Diabetes Hong Kong 2008). However, there is a scarcity

of large-scale studies which adopted a representative

sampling methodology in recent years to inform public

health policy.

The objectives of this study are to evaluate the preva-

lence of self-reported diabetes by territory-wide household

surveys representative of the whole Hong Kong population,

and examined the factors independently associated with

diabetes.

Methods

Sampling frame and methodology

The detailed methodology has been described elsewhere

(Leung et al. 2005; Census and Statistics Department

2010). The Census and Statistics Department, the Gov-

ernment of the Hong Kong Special Administrative Region

commissioned Thematic Household Surveys (THS) on

health-related issues in 2001, 2002, 2005 and 2008. A

major objective of these surveys was to collect information

on the health status of the Hong Kong population. The

household surveys included all the land-based population

of Hong Kong who were residents in non-institutional

settings. They excluded hotel transients, persons residing

on board vessels and foreign live-in domestic helpers. The

survey field works in 2001, 2002, 2005 and 2008 were

conducted in the time periods Jan 2001–May 2001; May

2002–July 2002; Nov 2005–Mar 2006 and Feb 2008–May

2008, respectively.

Based on a sample of quarters selected from all per-

manent quarters and quarters in segments which are for

residential and partially residential purposes in Hong Kong,

these household surveys were conducted in accordance

with a scientifically designed sampling scheme. The pres-

ent study adopted a stratified random sampling meth-

odology. The sampling units included permanent quarters

in built-up regions and segments in non-built-up regions.

The Register of Quarters consists of computerized records

of all addresses of permanent quarters in built-up regions.

These regions included urban areas, new towns and other

major developed areas. Unique address was used to iden-

tify each unit of quarters with information like street name,

building name, floor and flat number. The Register of

Segments consists of records of segments in non-built-up

areas, identified by relatively permanent and delineated

landmarks like footpaths and rivers. The household surveys

covered approximately 96 % of the total Hong Kong res-

ident population. The approximate response rates for these

household surveys were 75 %, consistently across all four

survey rounds.

Interviewers and survey instrument

The design of the surveys obtained input from the Hong

Kong Government. A Research firms commissioned by the

Census and Statistics Department of Hong Kong trained all

interviewers using a standardized method for face-to-face

interviews. The survey question related to the outcome

variable was ‘‘Do you have any disease that require long-

term follow-up by doctors?’’ in 2001; the wordings of the

corresponding questions in the other two rounds are

slightly different; specifically, ‘‘Have you ever been diag-

nosed by a doctor to suffer from the following chronic/

long-term diseases?’’ in 2002; and ‘‘Do you have the fol-

lowing chronic or long-term disease(s) diagnosed by a

medical doctor, which require long-term follow-up?’’ in

2005. The corresponding question in 2008 was ‘‘Have you

ever been told by a western medicine practitioner that you

had the following chronic health conditions?’’ If the

respondents gave a positive reply, they were further asked

whether they had diabetes. The interviewers also recorded

demographic information such as age, sex and monthly

household income.

Outcome variables and statistical analysis

STATA version 8.0 was used for all data analysis. The

primary outcome variable was rates of self-reported dia-

betes mellitus, defined as a positive reply to the above-

mentioned questions. We studied the proportion of survey

respondents having diabetes in 2001, 2002, 2005 and 2008,

and compared the trends according to age, sex and income

as a proxy measure of socioeconomic status. We used age-

and sex-adjusted prevalence rates taking into account

changes in population demography across the years. A
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binary logistic regression model was conducted with self-

reported diabetes as the outcome variable. Age (referent

0–39 years), sex (referent female) and monthly household

income (referent C $50,000) were used as covariates in the

regression analysis. To explore any heterogeneity in asso-

ciation between increasing age- and self-reported diabetes

among men versus women, we stratified all subjects

according to sex and similar regression analyses were run

separately for male and female groups. P values B0.05

were regarded as statistically significant.

Results

A total of 33,609, 29,561, 29,802 and 28,923 interviews

were successfully conducted in the years 2001, 2002, 2005

and 2008, respectively. Among them, 103,367 were adults

aged 15 years or above. Their average age was 38.2 years.

Table 1 illustrated the distribution of age, sex and monthly

household income of the respondents. In general, the

respondents were older and had higher monthly household

income in surveys conducted in more recent years (both

p \ 0.001) (Table 1). The characteristics of respondents

were different which implied a change in population

structure since the sample methodology was similar across

the years. The age-adjusted prevalence of diabetes among

male adults was 2.80, 2.87, 3.32 and 4.66 % in years 2001,

2002, 2005 and 2008, respectively. Among female adults,

the respective prevalence was 3.25, 3.37, 3.77 and 4.31 %

(sex-specific logistic regression models, all p \ 0.001)

(Fig. 1; Tables 2, 3). The adjusted prevalence in both sex

groups showed a drastic rise with increasing age. There

was a progressive rising trend of self-reported diabetes

across the years 2001–2008 in the age groups C75 years.

From logistic regression analysis using year 2001 as a

reference controlling for age, the relative rates of increase

Table 1 Respondent characteristics (N = 121,895) in the household face-to-face interviews conducted in Hong Kong, China by stratified

random sampling of living quarters in the whole territory in the years 2001, 2002, 2005 and 2008

All 2001 (n = 33,609) 2002 (n = 29,561) 2005 (n = 29,802) 2008 (n = 28,923)

No. % No. % No. % No. %. No. %

Age (years)

\15 18,528 15.2 5,683 16.9 4,951 16.7 4,179 14.0 3,715 12.8

15–24 16,834 13.8 4,808 14.3 3,945 13.3 4,138 13.9 3,943 13.6

25–34 17,751 14.6 5,418 16.1 4,290 14.5 4,174 14.0 3,869 13.4

35–44 22,206 18.2 6,472 19.3 5,703 19.3 5,286 17.7 4,745 16.4

45–54 20,033 16.4 4,856 14.4 4,506 15.2 5,346 17.9 5,325 18.4

55–64 11,179 9.2 2,493 7.4 2,463 8.3 2,939 9.9 3,284 11.4

65–74 9,139 7.5 2,522 7.5 2,225 7.5 2,165 7.3 2,227 7.7

C75 6,225 5.1 1,357 4.0 1,478 5.0 1,575 5.3 1,815 6.3

Sex

Male 60,064 49.8 16,484 49.0 14,663 49.6 14,728 49.4 14,189 49.1

Female 61,831 50.2 17,125 51.0 14,898 50.4 15,074 50.6 14,734 50.9

Monthly household income (HK dollars)a

C50,000 12,452 10.4 4,128 12.3 2,512 9.0 2,357 8.1 3,455 11.9

25,000–49,999 32,748 27.4 9,624 28.6 6,823 24.6 8,415 28.9 7,886 27.3

10,000–24,999 50,648 42.4 13,695 40.7 11,927 43.0 13,153 45.2 11,873 41.1

B9,999 23,578 19.7 6,162 18.3 6,502 23.4 5,205 17.9 5,709 19.7

a There are 2,469 observations with missing information of household income. It shows the demographic characteristics of all survey

respondents

Fig. 1 The prevalence of self-reported diabetes among persons aged

C15 years in selected years from 2001 to 2008 in the household face-

to-face interviews conducted in Hong Kong, China in the years 2001,

2002, 2005 and 2008 by stratified random sampling of living quarters

in the whole territory. The prevalence is age-adjusted across different

years
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in prevalence among male adults (27.8 and 47.9 % in 2005

and 2008, respectively) were lower than those among

female adults (31.8 and 69.3 %, respectively) (p \ 0.001).

The age- and sex-adjusted (‘‘population adjusted’’ there-

after) prevalence progressively increased across the years

in the two lowest income groups among male and female

respondents. There was however no definite observed dif-

ferences in prevalence trends between male and female

respondents (Table 4).

When the independent association between patient

demographics and rates of diabetes was analyzed by mul-

tivariate regression models, older age [adjusted odds ratio

(AOR) 32.2, 95% CI 20.6–50.4, p \ 0.001 for 40–65 years;

AOR 120.1, 95% CI 76.6–188.3, p \ 0.001 for older than

65 years) and lower income (AOR 2.19, 95% CI 1.66–2.88,

p \ 0.001 for monthly household income BHK$9,999 or

US$1,287) were significantly associated with diabetes

(Table 5). The respondents’ sex has no association with the

prevalence of diabetes. There exists a trend that the asso-

ciation between advanced age and diabetes was more

marked among male respondents (AOR 45.4, 95% CI

22.5–91.8 for age 40–65 years; AOR141.1 95% CI

69.5–286.5 for age older than 65 years; both p \ 0.001)

when compared with female respondents (AOR 23.5, 95%

CI 13.1–42.0 for age 40–65 years; AOR 105.5, 95% CI

58.9–188.8 for age older than 65 years; both p \ 0.001)

(Table 5). There exists no multicollinearity in the regres-

sion analysis. The coefficient of determination (R2), defined

as the proportion of variability in a dataset that is

accounted for by the statistical model (Steel and Torrie

1960), was 0.198. It indicated that the independent vari-

ables entered into this regression analysis accounted for

19.8 % of the variability of diabetes prevalence.

Discussion

Major findings

Our study found that the prevalence of self-reported dia-

betes increased by approximately 50 % from 2001 to 2008,

and the rise was especially drastic among female residents

(69.3 %) when compared with male respondents (47.9 %).

Besides, we did not detect any significant differences in

prevalence between men and women when respondents

were divided into different age and income groups, but

male respondents had steeper relationship between

advanced age and diabetes prevalence than females.

Thirdly, those with low household income were twofold

more likely to report diabetes when compared with those

having the highest income.

Relationship with literature and explanations

of findings

The prevalence of diabetes in China was 5.5 % in the years

2000–2001 (Gu et al. 2003), a figure twice of that reported

10 years ago (Pan et al. 1997). Janus et al. (2000) con-

ducted a population-based study in Hong Kong involving

2,900 Chinese persons aged 25–74 years in 1995–1996

using a 75 g oral glucose tolerance test, and found a

prevalence rate of 6.2 % (95% CI 5.3–7.1 %) using the

American Diabetes Association criteria (1997). However,

the prevalence figures were 9.2 (95% CI 8.1–10.3 %) and

9.8 % (95% CI 8.7–10.9 %), respectively, using the WHO

(1995) and WHO (1998) criteria. Our study used self-

reported information and it was therefore difficult to

Table 2 Prevalence of self-reported diabetes among male adults

aged C15 years (N = 50,427) in the household face-to-face inter-

views conducted in Hong Kong, China by stratified random sampling

of living quarters in the territory in the years 2001, 2002, 2005 and

2008

Age (years) 2001 2002 2005 2008

% SD % SD % SD % SD

15–24 0.13 3.57 0.05 2.32 0.09 3.02 0.09 3.02

25–34 0.12 3.45 0.14 3.77 0.26 5.10 0.06 2.51

35–44 0.79 8.87 1.02 10.05 1.11 10.47 1.36 11.59

45–54 2.34 15.19 2.31 15.03 2.79 16.46 3.85 19.24

55–64 6.84 25.39 6.87 25.30 6.20 24.12 8.73 28.22

65–74 11.18 31.51 10.45 30.59 11.26 31.61 17.56 38.05

C75 10.90 31.16 13.24 33.89 13.93 34.63 16.12 36.77

Adults C15 2.80 16.35 2.87 16.69 3.32 17.90 4.66 21.08

The table shows the age-specific prevalence of self-reported diabetes

across different years

SD standard deviation

Table 3 Prevalence of self-reported diabetes among female adults

aged C15 years (N = 52,895) in the household face-to-face inter-

views conducted in Hong Kong, China by stratified random sampling

of living quarters in the territory in the years 2001, 2002, 2005 and

2008

Age (years) 2001 2002 2005 2008

% SD % SD % SD % SD

15–24 0.04 2.04 0.12 3.44 0.17 4.07 0.11 3.27

25–34 0.14 3.69 0.43 6.57 0.15 3.93 0.27 5.18

35–44 0.63 7.92 0.66 8.08 1.08 10.33 0.58 7.57

45–54 2.69 16.24 2.13 14.45 2.16 14.54 2.41 15.35

55–64 9.63 29.52 7.95 27.05 7.00 25.52 8.31 27.60

65–74 13.24 33.90 14.02 34.72 14.66 35.37 15.15 35.85

C75 12.07 32.57 14.05 34.75 15.91 36.58 20.44 40.33

Adults C15 3.25 17.44 3.37 18.04 3.77 19.04 4.31 20.32

The table shows the age-specific prevalence of self-reported diabetes

across different years
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compare with findings from other studies. However, the

rising trend of diabetes across the years from 2001 to 2008

in this study was in general compatible with results

from other surveys. Increasing prevalence rates have pre-

viously been reported in the US (Cowie et al. 2006; Harris

et al. 1998), Australia (Dunstan et al. 2002), Denmark

(Drivsholm et al. 2001), the Indian city of Chennai (Ra-

machandran et al. 1997; Mohan et al. 2006) and the Indian

Ocean island of Mauritius (Soderberg et al. 2005).

The escalating prevalence of diabetes from the current

findings could be due to increasing incidence over time.

Some of the reasons include population ageing and rapid

urbanization, which is associated with lifestyle changes

including unhealthy diet, physical inactivity, obesity and

sedentary habits (Gu et al. 2003). On the other hand, it

might be attributed to a better primary healthcare system in

Hong Kong which detected diseases early among the

younger individuals with risk factors, fundamentally due to

heightened awareness of earlier diagnosis and more

effective community-based health educational programs.

Nevertheless, reduced mortality has also been suggested as

a contributing factor to the rising prevalence, and recent

opinions are mixed as to what factors are the most influ-

ential (Colagiuri et al. 2005; Wareham and Forouhk 2005;

Green et al. 2005; Gale 2003). Demographic changes are

not sufficient to explain the rising rates, and hence there is

a need for future studies capturing age-specific incidence

data for the same population likely to have experienced the

same risk factor changes over distinct time periods

(Wareham and Forouhk 2005).

The current literature involving larger-scale population

surveys do not demonstrate a consistent difference between

male and female in the prevalence of diabetes, and a large-

scale study in China by Gu et al. (2003) showed a statis-

tically similar age-standardized prevalence of self-reported

diabetes between the two genders. In addition, it is of

interest to note that with increasing age, the prevalence of

diabetes in males increased more sharply than females.

This observation is yet to be addressed by future studies.

Our study clearly showed that the lowest income group

suffered from much higher risk of diabetes. A population-

based survey conducted in the UK studying socioeconomic

status and its relationship with diabetes (Connolly et al. 2000)

showed that the prevalence of type 2 diabetes was around

30 % higher in residents living in regions with the worst

quintile of deprivation scores when compared with residents

in the richest area. Similar conclusions were echoed by studies

based on a diabetes register in Scotland (Evans et al. 2000) and

general practices in Spain (Larranaga et al. 2005). However,

the influence of socioeconomic deprivation on diabetes

seemed to run in opposite direction in the developing nations.

A study in India highlighted that those in the high income

group were twofold more likely to have diabetes than the

lower income group residents (American Diabetes Associa-

tion 2010), while another study in the Mainland China showed

the similar higher risk among the rich. It has been postulated

that in developed countries, those living in districts of depri-

vation have poorer access to health information and healthcare

services, thus consuming lower cost, yet less healthy, energy-

dense diets (Feinglos and Bethel 2007). In developing

Table 4 Adjusted prevalence

of self-reported diabetes by

monthly household income and

sex for all respondents in the

household face-to-face

interviews conducted in Hong

Kong, China by stratified

random sampling of living

quarters in the whole territory in

the years 2001, 2002, 2005 and

2008

a Adjusted prevalence refers to

population adjustment by

monthly household income

Monthly household income

(HK dollars)

Year Adjusted prevalencea (%, SD)

Male (n = 58,854) Female (n = 60,572)

% SD % SD

C50,000 2001 1.37 11.47 1.46 11.75

2002 1.98 13.95 1.11 10.48

2005 1.26 11.17 2.67 16.12

2008 1.80 13.30 1.68 12.85

25,000–49,999 2001 1.72 12.91 2.21 14.43

2002 1.75 13.10 2.06 14.21

2005 2.35 15.14 2.04 14.13

2008 2.86 16.66 2.09 14.29

10,000–24,999 2001 1.87 13.89 2.41 15.14

2002 1.90 13.37 2.50 15.48

2005 2.16 14.55 2.87 16.68

2008 3.25 17.73 3.40 18.13

B9,999 2001 4.83 18.76 5.1 19.92

2002 4.60 19.28 5.11 20.50

2005 6.50 24.66 6.37 24.43

2008 8.97 28.57 8.28 27.56
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countries, poorer residents are more likely to be employed in

manual work with limited access to labor-saving facilities.

This increase in physical activity, together with the higher

consumption of fruit and vegetables among the poorer may

explain their lower prevalence of diabetes in developing

nations (Feinglos and Bethel 2007).

Strengths and limitations

This study included the data of a total of more than 121,000

respondents collected in surveys and the standardized

methods used with proper interviewer training were

identical across different time periods. The population-

based random sampling method facilitated generalizability

of our findings, and the statistical adjustment made to the

prevalence figures minimized the effect of demographic

changes in different years. However, several limitations

should be mentioned. First, we relied on self-reported

information to ascertain the prevalence of diabetes, and

recent studies in China suggested three out of four diabetes

patients were undiagnosed (diagnosed diabetes 1.3 % vs.

undiagnosed diabetes 4.2 %) (Gu et al. 2003). Thus far

there has been no information in any sub-populations on

the validity of self-reported diabetes when compared with

Table 5 Factors associated with self-reported diabetes among all respondents in 2008 in the household face-to-face interviews conducted in

Hong Kong, China in the year 2008 by stratified random sampling of living quarters in the whole territory

Total no. Diabetes

reported

% Adjusted odds

ratios

95% CI P value

All respondents (N = 28,923; R2 = 0.198)

Age (years)

0–39 13,741 20 0.15 1 Referent

40–65 11,479 527 4.59 32.21 20.59–50.37 \0.001

[65 3,703 636 17.18 120.08 76.6–188.26 \0.001

Sex

Female 14,734 580 3.94 1 Referent

Male 14,189 603 4.25 1.10 0.97–1.24 NS

Monthly household income (HK dollars)

C50,000 3,455 64 1.85 1 Referent

25,000–49,999 7,886 206 2.61 1.39 1.04–1.86 \0.05

10,000–24,999 11,873 414 3.49 1.58 1.2–2.07 \0.001

B9,999 5,709 499 8.74 2.19 1.66–2.88 \0.001

Male respondents (n = 14,189; r2 = 0.191)

Age (years)

0–39 6,720 8 0.12 1 Referent

40–65 5,678 296 5.21 45.43 22.49–91.79 \0.001

[65 1,791 299 16.69 141.08 69.47–286.48 \0.001

Monthly household income (HK dollars)

C50,000 1,686 33 1.96 1 Referent

25,000–49,999 3,888 119 3.06 1.59 1.07–2.36 \0.05

10,000–24,999 5,890 203 3.45 1.51 1.03–2.21 \0.05

B9,999 2,725 248 9.10 2.28 1.55–3.35 \0.001

Female respondents (n = 14,734; r2 = 0.208)

Age (years)

0–39 7,021 12 0.17 1 Referent

40–65 5,801 231 3.98 23.49 13.13–42.02 \0.001

[65 1,912 337 17.63 105.45 58.91–188.77 \0.001

Monthly household income

C50,000 1,769 31 1.75 1 Referent

25,000–49,999 3,998 87 2.18 1.20 0.79–1.83 NS

10,000–24,999 5,983 211 3.53 1.66 1.13–2.45 \0.05

B9,999 2,984 251 8.41 2.14 1.44–3.16 \0.001

Self-reported diabetes was the outcome of interest with age, sex and monthly household income as independent variables
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standardized methodology. In addition, there were other

variables which could influence the prevalence of diabetes

not taken into account in our study, including lifestyle

factors, body mass index and family history of diabetes.

Also, this survey adopted a study design by stratified ran-

dom sampling. The regression analyses explained

approximately 20 % of the variability of diabetes preva-

lence, and more work is needed to explore its relationship

with other risk factors in this large Chinese population.

Implication to clinical practice and policy-making

Our findings have important public health implications. The

development of the micro- and macro-vascular diabetes

complications leads to a huge burden to the society (Amer-

ican Diabetes Association 2010). The rising prevalence of

diabetes detected in this study signals a need for more

extensive community-based educational programs espe-

cially targeted towards the higher risk group. In addition, the

promotion of clinical guidelines in primary care is a crucial

step towards clinic-based diabetes screening for the early

detection of diabetes and impaired glucose tolerance. In

Hong Kong, a recent reference framework for diabetes care

in primary care setting has been developed and promulgated

in clinical practice (Hong Kong Reference Framework

2011). Future research will need to evaluate the impact of

primary care initiatives to combat the rising trend of diabetes

by engaging different stakeholders of the healthcare system

(Hong Kong Reference Framework 2011).

In summary, this study found an increasing prevalence

of diabetes from 2001 to 2008, and we have reasons to

anticipate that this trend will continue to rise. These find-

ings cautioned the need to formulate territory-wide

strategies to improve prevention, detection and treatment

of diabetes by more intensive, concerted efforts of the

multidisciplinary primary care teams.
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