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Abstract  Hong Kong, Macau and Weihai are modern ized cities on the eastern coast of China with Western influences. 

This study compared the lifestyle management practices of residents in these three cities.Using a stratified random sampling 

technique, people in three Chinese citieswere admin istered lifestyle surveys by telephone interviews, street interviews or 

questionnaires. Weihaihad a higher prevalence of overweight and obesity (51.7%, p < .001) than Hong Kong (36.1%) 

orMacau (31.7%). Hong Kong (15.1%) and Macau (15.3%) hadmore underweight residents than Weihai (9.9%). Central 

obesity was significant (p < .001) in Hong Kong (20.2%), Macau (8.0%), and Weihai (43.7%). Hong Kong and Macau male 

residents and postmenopausal femaleshad more irregular meals and consumed more snacks, andin Weihaiboth the workforce 

and older people appeared to have a serious central obesity problem. The prevalence of overweight and obesity is a serious 

problem in these three cities. Public education regarding good practices and interven tion strategies in Asian cities and in other 

parts of the world could be used to promote and cultivate better lifestyle management practices in the future.  
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1. Introduction 

Unhealthy lifestyles make a significant contribution to ill 

health and mortality[1, 2, & 3]. Some lifestyle-associated 

factors such as tobacco smoking (active and passive) or 

excessive intake of alcohol have adverse effects on 

pregnancy outcomes[4]. Fortunately, lifestyles are 

changeable. Lifestyle modification could facilitate better 

management of diseases such as metabolic syndrome[5&6], 

improve blood pressure[7, 8, &9], reduce coronary heart 

disease risk[10], and decease the threat of cancer[11]. 

A health ier lifestyle, includ ing an increase in  physical 

act iv ity  and  a reduct ion  o f body  weight  th rough  the 

regulat ion o f calo ries and fat  intake, is the basis for the 

p reven t ion  and  t reatment  o f both  type 2 d iabetes and 

metabolic syndrome[12]. Prospective studies have shown 

that a min imum of 30 min/day of moderate to v igorous 

physical activ ity can prevent type2 diabetes and that healthy 

diets are effective and safe ways to prevent type2 diabetes 

and metabolic syndrome[13]. There is also ample evidence 

showing that the most effective approach to prevent and treat  
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overweight and obesity is a combination of behavioral 

strategies in d iet and exercise,as part of a sustained lifestyle 

change[14&15]. A comprehensive program of lifestyle 

modification is effective in inducing and maintaining losses 

of approximately 10% of in itial weight,which is sufficient to 

prevent and ameliorate obesity-related health complications 

including type2 diabetes and hypertension[16]. Intervention 

studies based on changes in the lifestyle ofat risk individuals 

have found that the incidence of d iabetes can be reduced by 

42% to 63%[12]. 

In the past 30 years, the Chinese economy has been 

growing rap idly. Hong Kong and Macau are quite 

Westernized and modernized, although they are still affected 

by the Chinese mainland. The economic gap between the two 

cities and the mainland has narrowed and the cit ies’ high 

quality of life is sought by everyone. An appropriate lifestyle 

is an essential part of this life, and modifiab le lifestyle 

factors are important components of these aspirations[17]. In 

the study reported here, Weihai, a seashore city in the 

northeastern China, was selected to represent the rapidly 

developing northeast of China(Figure 1). It  was a Brit ish 

colony and is now a major seaport. However, Weihai’s 

history of development differs from that of Hong Kong. 

Increased public awareness of the links between lifestyles 

and common diseases might help people there better 

understand the potential health consequences of their actions 
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and encourage them to make much-needed lifestyle changes 

[2]. Hence, we investigated the prevalence of health-related 

lifestyle factors and provided some important lifestyle factor 

comparisons to help better understand the threat of unhealthy 

behaviors and encourage citizens to lead healthier lifestyles 

in all three cities. 

2. Methodology 

2.1. Data Collection 

For thisstudy of the lifestyle management pract ices of 

Hong Kongresidents, 3080 indiv iduals from 5 to 74 years 

old,with a fixed quota for each age cohort, were recruited 

randomly. Household telephone numbers were randomly 

selected from the Telephone Directory published in 2010, 

with the fixed numbers (0, ±1, and ±2) added to the last digit, 

and the lifestyle data were co llected through telephone 

interviews. In Weihai, data were collected through 

questionnaires. A total of 2800 questionnaires were 

delivered and retrieved, of which 2772 were valid (99%). 

Data collection in Macau was carried out through street 

interviews in October 2011; 731 citizens aged 15-79 years 

were randomly invited to our interviews and 480 people 

accepted and completed the questionnaire (65.7%). The 

distributions of the subjects are presented in Table 1. 

The total populations of Hong Kong, Macau, and Weihai 

were 6,859,341 (2011 Population Census), 552,500 (2011 

Population Census), and 2,804,800 (2010 Population 

Census), respectively. Given these figures, the samples 

were .041%, .087% and .092% of the total populations]. 

 
Figure 1.  The location of Hongkong, Macau and Weihai in China 

Table 1.  Demographic characteristics of subjects from Hong Kong, Macau and Weihai (n=5883) 

Age groups 
Hong Kong Macau Weihai 

Total 
Male Female Male Female Male Female 

15-24 years 309 310 46 78 301 298 1342 

25-39 years 312 318 69 59 296 287 1341 

40-59 years 405 514 48 81 399 400 1847 

60-79 years 314 340 55 44 300 300 1353 

Total 
1340 1482 218 262 1296 1285 

5883 
2822 480 2581 
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2.2. Instrument 

The following variab les were included in the 

questionnaire. 

1. Morphological variables: body height, body weight, 

waist circumference (W C), Body Mass Index (BMI), and 

Waist Index (WI) 

2. Nine lifestyle variables: exercise frequency, snacking 

habit, breakfast habit, regular meals, hours of sleep, drinking 

habit, smoking habit, medication usage, and medical 

expenditure. 

Body weight, body height and WC were self-reported. 

Weight wasreported in either kilogram or pound; height and 

WC werereported in either centimetres or inches. Personal 

BMI (weight divided by the square of height, kg/m
2
) and WI 

(waist divided by height) were calcu lated by the researchers.  

The standard classification for BMI in Asian populations 

is BMI <18.5 kg/m
2 

is underweight, BMI = 18.5-22.9 kg/m
2 

is normal weight, BMI = 23-24.9 kg/m
2 

is overweight, and 

BMI ≥ 25kg/m
2 

is obese[18]. WI has been reported to be a 

much better predictor of cardiovascular risk and 

mortality[19]and a better detector of cardiometabolic risk 

factors[20], than the more widely  used BMI, WC, and 

weight-to-hip rat io.The norm value for WI for diverse 

populations is 0.50[21&22].  

To measure the extent of e xercise frequency, snacking 

habits, breakfast habits, regular meals, drinking habits, 

smoking habits, and medication usage, participants chose 

from the following range: no more than once a week, 1-2 

times a week, 3-4 t imes a week, 5-6 t imes a week, and every 

day.For sleeping habits choices werethe following: no more 

than 4 hours, 5-6 hours, 7-8 hours, 8-9 hours, and 10hours or 

more.Medical expenditure was measured in HKD’s and the 

categorieswere the following: below HKD1,000; HKD1,000 

to 4,999; HKD5,000 to 9,900; HKD10,000 to 19,900; and 

more than HKD 20,000 per year. 

2.3. Statistics 

Statistical analyses were carried out using the PASW 18.0 

software (IBM, Chicago, USA). The numeric data were 

presented as means ± standard deviations and the categorical 

data were presented as crosstab frequencies. A hierarchical 

cluster method (between-groups linkage + interval Pearson 

correlation) was used to analyze the health related lifestyle 

factors. Each parameter’s square mean of correlation 

coefficient in its group was calculated as follows to further 

select the representative parameters. The largest R
2
in each 

group was selected as the representative parameter.  

R
2
 = (∑ r

2
)/n-1 

Univariate ANOVA (for the morphological data) and 

Chi-square tests associated with the Phi and Cramer’s V 

coefficients (for the lifestyle data) were used to compare city 

groups, age cohorts and genders.  

3. Results 

3.1. The Prevalence of Anthropometric and Lifestyle 

Factors 

The prevalence of underweight was 15.1%, 15.3%, and 

9.9% in Hong Kong, Macau, and Weihai, respectively. 

Overweight people made up 18.0%, 18.1%, and 19.2% of the 

Hong Kong, Macau and Weihai sample and the obesity rates 

were 12.1%, and 27.9% and 23.8%, respectively. The 

prevalence of WI ≥ 0.5 was 20.2%, 8.0%, and 43.7% in 

Hong Kong, Macau, and Weihai, respectively (Tab le 2). 
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Figure 2.  Prevalence of lifestyle factors: a) exercise habits, b) breakfast habits, c) sleep habits, d) alcohol habits, e) smoking habits, f) medication use and 

g) medical expenditure  
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Table 2.  Description of variables in Hong Kong, Macau, and Weihai 

 
City 

Chi-Square 
Hong Kong Macau Weihai 

Body mass index (BMI)    .000 

BMI < 18.5 425 (15.1%) 63 (15.3%) 255 (9.9%)  

18.5 ≤ BMI ≤ 22.9 1379 (48.9%) 219 (53.0%) 994 (38.5%)  

23 ≤ BMI <25 507 (18.0%) 81(19.6%) 719 (27.9%)  

BMI ≥ 25 511 (18.1%) 50 (12.1%) 613 (23.8%)  

Waist to height ratio (WI)    .000 

WI < 0.5 2253 (79.8%) 254 (92%) 1453 (56.3%)  

WI ≥ 0.5 569 (20.2%) 22 (8.0%) 1128 (43.7%)  

Exercise frequency    .000 

≤ 1 time/week 1614 (57.2%) 227 (47.4) 1123 (43.5%)  

>1 time/week 1208 (42.8%) 252 (52.6%) 1458 (56.5%)  

Snacking habit    .000 

≤ 3 times a week 2194 (77.7%) 362 (76.1%) 2230 (86.4%)  

>3 times a week 628 (22.3%) 114 (23.9%) 351 (13.6%)  

Breakfast habit    .000 

≤ 3 times a week 391 (13.9%) 116 (24.2%) 457 (17.7%)  

>3 times a week 2431 (86.1%) 363 (75.8%) 2124 (82.3%)  

Regular meals    .000 

≤ 3 times a week 546 (19.3%) 99 (20.7%) 336 (13.0%)  

> 3 times a week 2276 (80.7%) 380 (79.3%) 2245 (87.0%)  

Sleeping habit    .000 

≤ 6 hours a day 309 (10.9%) 54 (11.3%) 113 (4.4%)  

> 6 hours a day 2513 (89.1%) 423 (88.7%) 2468 (95.6%)  

Alcohol habit    .000 

< 3 times a week 2733 (96.8%) 423 (88.5%) 2277 (88.2%)  

≥ 3 times a week 89 (3.2%) 55(11.5%) 304 (11.8%)  

Smoking habit    .000 

< 3 times a week 2594 (91.4%) 387 (80.8%) 2202 (85.3%)  

≥ 3 times a week 228 (8.1%) 92 (19.2%) 379 (14.7%)  

Medication usage    .000 

< 3 times a week 2262 (80.2%) 392 (82.2%) 2419 (93.7%)  

≥ 3 times a week 560 (19.8%) 85 (17.8%) 162(6.3%)  

Medical expenditure    .000 

< 1,000 HKD 1799 (63.7%) 230 (48.4%) 1737 (67.3%)  

≥ 1,000 HKD 1023 (36.9%) 245 (51.6%) 844 (32.7%)  

Figures 3 and 4 illustrate the prevalence of overweight and abdominal obesity by age and gender in the three cities. Figure 

3 shows the distribution of BMI and Figure 4 shows the distribution of WI. Both BMI and WI increased with age in all three 

cities, and Weihai had the highest prevalence of overweight and obesity and the highest WI. 
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Figure 3.  Distribution of a) BMI by age and gender b) the trends of BMI with age and c) BMI by gender. Among age groups, there was no difference 

between age group 40-50 and 60-79. Between other age groups there were significant differences, p< .05; there were significant differences between Hong 

Kong and Weihai, and Macau and Weihai, p < .001 and between genders, p< 0.001 

 
Figure 4.  Distribution of a) abdominal obesity (WI ≥ .05) by age and gender b) trends of in WI with age, and c) WI by gender. Differences among age 

groups, cities, and between genders were significant p<0.001 

3.2. Cluster Analysis of Lifestyle-related Items 

To understand the relationship among the lifestyle factors a hierarchical cluster analysis (between-groups linkage + 

interval Pearson correlation) was conducted and three clusters were determined: 

1) snacks 

2) hours of sleep, exercise habits, regular meals and breakfast habits 

3) s moking habits, alcohol habits, medical expenditure, medicat ion usage, WI and BMI 

To simplify the comparison of the different lifestyle management strategies among the three cities, one representative item 

was selected from each of above three clusters: snacks, regular meals and WI (Table 4).  
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Table 3.  Relationships of lifestyle factors with BMI and WI 

 

BMI group WI group Regular meals Snacks 

R p R p R P R p 

Exercise frequency .021 .109 .052 .000 .075 .000 -.018 .175 

Snacks -.072 .000 -.082 .000 -.036 .006 1 \ 

Breakfast .044 .000 .052 .000 .495 .000 .002 .854 

Regular meals .056 .000 .087 .000 1 \ -.036 .006 

Hours of sleep -.009 .507 .001 .924 .135 .000 -.051 .000 

Alcohol .157 .000 .156 .000 -.006 .651 -.038 .003 

Smoking .146 .000 .124 .000 -.048 .000 -.052 .000 

Medication usage .139 .000 .130 .000 .029 .028 .005 .695 

Medical expenditure .115 .000 .102 .000 .014 .295 .019 .139 

Pearson Correlation, 2-tailed test 

Table 4.  Representative items of lifestyle 

 
Items 

Representative item 
correlation coefficient 

Cluster 2 
hours 

ofsleep 

exercise 

habits 
regular meals 

breakfast 

habits  regular meals 

Mean R
2 

.007 .008 .105 .099 

Cluster 3 
smoking 

habits 

alcohol 

habits 

medical 

expenditure 

medication 

usage 
WI BMI 

WI 

Mean R
2
 .055 .057 .032 .046 .111 .103 

3.3. A Comparison of Health Related Lifestyle Factorsin Hong Kong, Macau, and Weihai Residents  

Snacking habit  

There were significant differences in the snacking habitsof men (p < 0.001) and in young women (15-24 years, p < 0.05) in 

the three cities (Table 5). Controlling for age, Weihai people were less likely to eat  snacks than people in  Hong Kong (RMH 

=1.82) or Macau (RMH =1.86), whereas the Hong Kong and Macauresidents had similar habits (Table 6).  

Regular meals  

Among the three cities, there were significant differences in the frequency of regular meals among people aged 40 to 79 in 

both genders (p < 0.001) and in working men between 25-39 years (p <0.05) (Table 5). Controlling for age, Weihairesidents 

were less likely to skip meals than residents of Hong Kong (RMH =0.61) or Macau (RMH =0.60), whereas the Hong Kong and 

Macauresidents had similar habits (Table 6). 

Waist to height ratio (WI) 

There were significant differences in cardiovascular risk (W I) amongwomen aged 40 to 79 and men aged 25 to 79 (p < 

0.001) (Table 5). Controlling for age, Weihairesidents were more likely to experience cardiovascular risk than residents of 

Hong Kong (RMH =4.22) or Macau (RMH =6.25) (p < 0.001) (Tab le 6). 

Table 5.  Prevalence of snacking habits, regular meals, and WI in different age groups in Hong Kong, Macau and Weihai 

Age group  

Chi-Square (χ
2
) 

Male Female 

Snack Meal WI Snack Meal WI 

15-24 

HK 

39.80** 1.28 1.77 9.45* .19 1.49 WH 

Macau 

25-39 

 

HK 

37.80** 7.17* 133.08** .57 .76 0.33 WH 

Macau 

40-59 

 

HK 

34.89** 11.34** 48.41** 3.00 72.73** 20.50** WH 

Macau 

60-79 

 

HK 

17.56** 31.36** 215.41** 3.13 19.83** 280.91** WH 

Macau 

HK: Hong Kong, WH: Weihai 
χ

2
: Correlation of snacking habit, regular meal, and WI among the three cities; * p < .05, ** p < .001 
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Figure 5.  Frequency of regular meals and snacking habits by city, age, and gender 

Table 6.  Comparison of snacking habits, regular meals, and WI between age cohorts and city 

  Homogeneity of the odds ratio Conditional Independence 
Mantel-Haenszel Ratio 

(RMH) 

  Breslow-day χ
2
 p Cochran’s χ

2
 p Estimate p 

Snacks 

HK-Macau 16.46 .02 .26 .61 1.06 .61 

WH-HK 50.05 .00 67.44 .00 1.82 .00 

WH-Macau 36.80 .00 27.02 .00 1.86 .00 

Meals 

HK-Macau 8.32 .31 .17 .67 .95 .67 

WH-HK 100.64 .00 42.71 .00 .61 .00 

WH-Macau 35.45 .00 15.71 .00 .60 .00 

WI 

HK-Macau 6.3 0.51 24.4 .00 0.27 .00 

HK-WH 240.57 .00 449.39 .00 4.22 .00 

Macau-WH 77.77 .00 104.32 .00 6.25 .00 

HK: Hong Kong, WH: Weihai 
Breslow-day χ2: differences between cities in snacking habits, regular meals, and WI  
Cochran's χ2: differencesin vari ables between di fferent cities controlled for age group 
RMH: Controlling for age, compared with the post-city, the pre-city’s snacking habits (snacking habits ≤3 times per week />3 times per week), regular 
meals (regular meals ≤ 3times per week />3times per week), and WI (WI group <.05 /≥.05) advantage ratio  

4. Discussion 

Our study found that the prevalence of overweight and 

obesity were high in all three cit ies. Theprevalence of 

underweight, overweight and obesity were similar in Hong 

Kong and Macau, but there were fewer underweight people 

and more overweight and obesepeople in  Weihai. In this city, 

overweight and obesity were high among men over 25 years 

and women over 40 years, andthe incidence increased with 

age. 

It has been well documented that obesity is a major 

contributor to serious health conditions in ch ildren  and adults, 

including type 2 diabetes, cardiovascular d isease, many 

cancers, and numerous other diseases and conditions [23, 24, 

&25]. Overweight and obesity have also been associated 

with unhealthy lifestyles[26, 27, &28]. Obesity, physical 

inactivity and smoking are the major modifiable risk factors 

for diabetes mellitus[10]. Obesity and unhealthy lifestyles 

might account for more than 10% of the sick leave in the 

productive workforce and further productivity losses at 

work[29].  

At the same t ime, studies have shown an increasing trend 

in the prevalence of underweight among children and 

adolescents[30] and young women[31] in Asian countries. 

Underweight in children has been associated with 

obstructive sleep[32], pre-pregnancy women’s placental 

abruption[33], the risk of preterm birth and low b irth 

weight[34], and higher mortality[35&36]. Mondet al[37] 

have examined whether mental health problemssuch as 

eating disorders might contribute to the underweight 

problem among women. It is crucial to make patients aware 

of the problems and consequences of low we ight, obesity and 

unhealthy lifestyles.  

For the 5883 participants in this study, WI, the frequency 

               Snacking habits                  Regular meals    Error bar: 95% CI 
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of regular meals, and snacking habits were the 

mostsignificant lifestyle factors. WI has been found to be a 

good predictor of cardiovascular and cardiometabolic risk, 

and an accurate and easy index for evaluating obesity in 

children[38] and adults[39]. In the present study, the highest 

WI measurements were found in Weihei, fo llowed by Hong 

Kong and Macau. However, people in Weihai were less 

likely to consume snacks or to skip regular meals.  

Regular meal frequency has been shown to have beneficial 

effects on fasting lipid and postprandial insulin profiles and 

the thermogenesis of healthy obese women[40]. Increased 

meal frequency and daily breakfast consumption have been 

inversely associated with ch ildhood obesity[41].Breakfast 

frequency and quality have also been related to appetite and 

blood sugar control, which may have important implications 

for the risk of obesity and type 2 diabetes [42]. A 

combination of h igher meal frequency and daily breakfast 

may prevent overweight and obesity in children[43]. 

Howarth et al[44] reported that eating frequency was 

positively associated with energy intake, and eating more 

than three times a day was associated with being overweight 

or obese in both younger and older adults. In this study, 

regular meal consumption was associated with BMI (R 

= .039, p = .003) and WI (R = .068, p = .000) after controlling 

for other lifestyle factors.  

Chapelot[45] found in a rev iew of the role of snacking in  

energy balance that snacking contributed to overweight and 

obesity. Thus, snacking may p lay a role in weight control. De 

Graaf[46] cautioned that snack consumption might 

contribute to a positive energy balance. It  has been reported 

that snacking did not impair weight loss during a one year 

obesity treatment[47]. Viskaal-van et  al[48] conducted an 

8-week snack consumption intervention in healthy normal 

weight adults, and the findings suggested that consuming 

snacks that are high or low in  energy density did not 

necessarily contribute to weight gain. Kong et al[49] found 

in a dietary weight-loss intervention for overweight to obese 

postmenopausal women that those who reported two or more 

snacks per day had higher fiberintake compared  to those with 

one or no snacks per day. Afternoon snackers had higher 

fruit and vegetable intake; however, snacking patterns might 

also reflect unhealthy eating habits and impede weight-loss 

progress.  

Our study showed that people in Weihai (13.6%) 

consumed fewer snacks than people in Hong Kong (22.3%) 

and Macau (23.9%). Snacking frequency was negatively 

associated with BMI(R = -.061, p = .000) and WI (R = -.071, 

p = .000) even after controlling for other variab les such as 

regular meals, hours of sleep, alcohol, and s moking. 

Snacking also negatively correlated with regular meals 

(R=-.027, p= .044) after controlling for other variables 

including hours of sleep, alcohol, smoking, BMI and WI. 

Thissuggests that snacking might interrupt eating habits and 

lead to an unhealthy weight. 

5. Summary 

There have been many studies aimed at developing 

strategies to prevent and reduce obesity and unhealthy 

lifestyles. Bulló et al[50] reported that a combination of 

healthy lifestyle behaviours was associated with a lower 

prevalence of general obesity and abdominal obesity in 

elderly people. Previous studies have shown that people who 

are try ing to achieve or maintain a weight loss of more than  

5% of their total weight should weigh themselves regularly, 

avoid skipping meals or keeping snack foods in the house, 

limit the frequency of takeaway food consumption, manage 

emotional eating, and strengthen dietary restraint[51]. 

Community based intervention has been shown to 

successfully improve health related lifestyle factors [52] and 

obesity[53]. Khan et al[11] found that healthy lifestyle 

behaviours, such as healthy diet, weight management, 

regular exercise, reduction in alcohol consumption and 

smoking cessation could reduce the risk of cancer.  

This study has demonstrated that a large proportion of the 

populationin Hong Kong, Macau  and Weihai, (57.2%, 

47.4%, and 43.5% respectively), are sedentary (regular 

exercise ≤ 1 time/week). Most people are aware of the 

benefits of exercise and its impact on health and 

mortality[54&55], but this has not reduced the prevalence of 

sedentary lifestylesor obesity.  

The present study has several limitations. First, the data 

were collected from self-reporting questionnaires, and some 

items such as circumference, weight, and medical 

expenditures were estimated. Data collection in Macau had a 

high rate of rejection (34.3%). Second, the socioeconomic 

factors and educational backgrounds of the sample 

population were not investigated[56]. There may be 

interactions between health conditions[57] and 

socioeconomic and educational status. Third, although the 

sample size was sufficiently large to cover the different age 

groups, marital and employment status were not included 

and these factors might influence lifestyle. Fourth, exercise 

frequency, smoking, drinking, and med ication usage were 

not thoroughly investigated and they could be important 

factors in a healthy lifestyle. These limitations should be 

addressed in future studies. 

Despite these limitations, our findings demonstrate that 

the prevalence of overweight and obesity is a serious 

problem among residents in the Hong Kong, Macau and 

Weihai. Weihai residents need to pay more attention to their 

weight. Hong Kong and Macau residents should eat more 

regular meals and reduce their consumption of snacks. On 

the other hand, significantly more Hong Kong and Macau 

residents did not sleep six hours a day than Weihai residents 

(10%, 11.3% vs. 4.4% respectively). Since a recent research 

report by WHO (2012)[58] suggested those who slept less 

than six hours a day would have higher chance (4 times) in 

suffering from stroke, it is a modifiable behaviour that we 

should pay special attention. It appears that although 

members of the general public are unanimous in making 

health and high quality of life a top priority, theydo not put 

theory into practice, and we have a long way to go before 

attitudes can be changed into behaviour. 
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