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ABSTRACT 

Bacl^round 

The increasing rate of overweight/obesity in children is a serious public health 

problem worldwide. Childhood obesity has been shown to be associated with a 

clustering of cardiometabolic risk factors (CMRFs) leading to cardiovascular 

diseases and diabetes mellitus in later life and premature mortality. Puberty has a 

complex, entwined relationship with the various CMRFs particularly high body 

mass index (BMI) and large waist circumference (WC). Self-report method is 

commonly used for obtaining anthropometric measures and pubertal assessment data 

because of its simplicity, low cost and non-invasiveness. Self-reported body weight 

(SRBW) and self-reported body height (SRBH) derived BMI (SRDBMI) and self-

reported WC (SRWC) may be useful assessment tools for screening and monitoring 

the prevalence of overweight/obesity. We assessed the agreement of self-reported 

Tanner pubertal questionnaire and self-reported Pubertal Development Scale (PDS), 

SRBW, SRBH and SRWC with measured values. We also examined the diagnostic 

ability of SRDBMI and SRWC in classifying children with overweight/obesity 

status and CMRFs clustering. Furthermore, we explored whether consideration of 

pubertal staging is needed for identifying children/adolescents with a clustering of 

CMRFs and its moderating effect on predicting cardiometabolic risk by WC or BMI. 

Methods 

This thesis is composed of two cross-sectional studies and all children/adolescents 

were recruited from school settings. The first study recruited children/adolescents 

from a convenience sample aged between 8 and 18 years. The aim of the first study 

was to assess the agreement of the Tanner pubertal self-reported questionnaire and 

the self-reported PDS with raters' assessments. Children/adolescents were given 
X l l l 



Chinese versions of the Tanner pubertal questionnaires, followed by a Chinese PDS 

to fill out, before undergoing visual depiction physical examination by a same 

gender rater who was experienced in Tanner staging in a private room. The raters 

were unaware of the results of the two self-reported questionnaires. The second 

study recruited children/adolescents, aged between 6 and 18 years using cluster 

random sampling, from February 2007 to April 2008. A self-administered 

questionnaire which included questions on demographic data, the two validated self-

reported pubertal questionnaires and anthropometric measurements was given to 

children/adolescents to bring home for completion. Anthropometric measurements, 

blood pressure (BP) and fasting blood samples for measurements of fasting plasma 

glucose and lipid profile were taken by trained research staff after the 

children/adolescents returned the questionnaire on the day of the survey. 

Results 

Analyses demonstrated good consistency between Tanner self-reported pubertal 

questionnaire, self-reported PDS, SRBW, SRBH, SRWC and measured values. The 

SRDBMI and SRWC showed similar diagnostic ability to their measured 

counterparts to identify children/adolescents with overweight, obesity status and 

CMRFs clustering. Although no significant association was found between pubertal 

stages and CMRFs clustering, which may be due to the small numbers of 

children/adolescents having CMRFs clustering, pubertal stage was found to be 

significantly associated with individual CMRFs namely large WC, increased 

triglycerides, and elevated BP in boys and large WC and elevated BP in girls. 

Pubertal stage has a significant moderator effect oti the prediction of CMRFs by WC 

or BMI. 
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Conclusion 

SRDBMI and SRWC are valuable screening anthropometric tools to identify 

children/adolescents with overweight/obesity in community settings and public 

health/epidemiological research in Hong Kong when cost, privacy and other 

concerns preclude the use of physical assessment. Furthermore, the effect of puberty 

on the prediction of CMRFs warrants further research into the relationship between 

puberty, obesity and CMRFs. 
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摘要 

背景 

曰益增加的兒童超重/肥胖比率已成為一嚴重的全球公共衛生問題。兒童肥胖 

已被證明與一集群的心臟代謝危險因素（CMRFs)有關，並會導致心血管疾 

病、糖尿病及過早死亡。青舂期與心臟代謝危險因素之間則存在一個複雜及緊 

扣的關係，尤以在擁有過高身體質量指數（BMI)和腰圍(WC)比較一般的標 

準過大(290 percentile)的人為甚。自我評量方法不但簡單，而且成本甚低，並 

為非侵入性，所以經常被用於人體測量和青春期評估的數據收集。自我評量的 

體重（SRBW)及自我評量的身高（SRBH)所計算出的身體質量指數 

(SRDBMI)和自我評量的腰圍（SRWC)可能是飄別和監測超重/肥胖的盛行 

率之有效工具。我們評估了 Tanner青春期自我評量問卷、自我評量的青春期 

發肓程度（PDS)�SRBW�SRBH和SRWC之可靠性。我們亦研究了 

SRDBMI和SRWC在兒童超重/肥胖的飄別和CMRFs集群的診斷能力。此外， 

我們探討了青春期狀態於飄別具有心臟代謝危險因素集群的兒童的作用及其對 

預測CMRFs的調節作用。 

方法 

此論文由兩個橫斷面硏究所組成，而研究中所有兒童均是從學校招募的。第一 

項硏究採用方便抽樣的方式招募兒童，年齡介乎8至18歲。第一項研究的目 

的為評估Tanner青春期自我評量問卷及自我評量的青春期發肓程度之可靠 

性。研究人員向兒童派發了中文版本的Tanner青春期自我評量問卷及青春期 

發肓程度問卷，填寫後，兒童再被安排到一私人房間進行視察身體評估，評估 

人員與兒童性別相同，並擁有Tanner staging的經驗。評估人員對先前兩個問 

卷所填寫的答案並不知情。第二項研究在二零零七年二月至二零零八年四月期 



間進行，採用了集群隨機抽樣的方式招募兒童，年齡介乎6至18歲。兒童獲 

派一份須自行填寫的問卷，在家完成。問卷內容包括年齡及性別等基本資料及 

人體測量的數值。兒童在提交問卷後，會在同一天被安排由經過訓練的研究人 

員進行人體測量，血壓量度（BP)及空腹血液樣本的抽取（作測量空腹血糖 

及血脂之用）。 

結果 

可靠性分析展示了 Tanner自我評量青春期問卷、自我評量的青春期發育程 

度�SRBW�SRBH�SRWC和實際測量值之間有良好的一致性�SRDBMI及 

SRWC能準確地飄別超重/肥胖的兒童及其CMRFs集群。雖然由於樣本數目 

少，硏究並無發現青春期階段與CMRFs集群之間的關係，但研究顯示青春期 

階段與個別的CMRFs，存在明顯的關係。以男童而言，該等CMRFs包括腰圍 

過大、血液含過高的三酸甘油脂及高血壓；以女童而言，該等CMRFs則包括 

腰圍過大及高血壓。青春期對於以WC和BMI預測CMRFs有重大的調節作 

用。 

在社區、臨床治療和公共衛生硏究的範疇上，SRDBMI及SRWC能作為有效 

的人體測量工具，用以觀別超重/肥胖的兒童。身體評估需要較高的成本，亦 

有私隱的問題及其他關注，但SRDBMI及SRWC則不存在此問題。此外’青 

春期對預測CMRFs的影響闡明了青春期、肥胖及CMRFs之間的關係仍須作進 

一步硏究。 
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CHAPTER 1 

INTRODUCTION AND LITERTURE REVIEW 

Preface 

Today, childhood obesity is one of the serious public health problems 

worldwide and is increasing at an alarming rate in many countries, including Hong 

Kong. Overweight/obesity in childhood is associated with a clustering of 

cardiovascular risk factors leading to cardiovascular diseases and diabetes mellitus 

in later life and premature mortality. Assessing overweight/obesity is an important 

step in monitoring and preventing the rapid increase of overweight/obesity. There 

are variety methods for measuring overweight/obesity of children/adolescents. Body 

mass index (BMI) and waist circumference (WC) are the most common and widely 

used assessment tools for identifying overweight/obese children/adolescents, Self-

reported method has been used to obtain anthropometric measures and pubertal 

assessment data. However there has been few previously reported study assessing 

the diagnostic ability of self-reported anthropometric measures such as BMI and 

WC to classify children/adolescents with overweight/obesity and with a clustering of 

cardiometabolic risk factors (CMRFs). It is also unclear whether pubertal 

assessment needs to be taken into consideration when identifying 

children/adolescents with a clustering of CMRFs. This thesis developed research 

questions, aims and objectives to further clarify these issues. 



structure of the Thesis: 

Figure 1-1 provides an overview of the thesis, which is divided into 7 chapters. 

Chapter 1 is the introduction and background to the study. The health impacts of 

childhood obesity are discussed, including hormonal and metabolic consequences. 

The literature review describes different assessment methods to determine body 

fatness and discusses the strength and weakness of the measurement tools. The 

issues related to puberty, obesity and cardiometabolic risk factors are also discussed. 

The research questions, aims and objectives of the thesis are stated. Chapter 2 

assesses the agreement of Tanner pubertal self-reported questionnaire and Chinese 

self-report Pubertal Development Scale with measured evaluations. The study 

population of this study was a convenience sample which was recruited from school 

settings. Chapter 3 describes the methods and procedures of a large scale sleep study 

entitled "sleep duration, neurohormonal dysregulation and obesity in Hong Kong 

children and adolescents," which was conducted during the period February 2007 to 

April 2008. The author of this thesis was able to access the database of the sleep 

study and use this database to explore new knowledge related to childhood obesity. 

The overall details of the statistical analyses undertaken for this thesis are described. 

Chapter 4 assesses the agreement of SRBW and SRBH with measured values and 

examines the diagnostic ability of SRDBMI to classify children/adolescents with 

overweight, obesity and CMRFs clustering. Chapter 5 assesses the agreement of 

SRWC with the measured values and examines the diagnostic ability of SRWC to 

classify children/adolescents with overweight, obesity and CMRFs clustering. 

Chapter 6 investigates the association between pubertal stage and CMRFs clustering 

and the effect of pubertal stage on the prediction of CMRFs by BMI and WC. 

Chapter 7 summarizes the findings and discusses the results of the studies, 



considering whether the aims and objectives have been met. It concludes with a 

discussion of the strength and weakness of the studies in this thesis. Finally, 

suggestions are made for the possibilities for knowledge transfer of these results and 

possible directions for future work. 

As chapters 2，4, 5 and 6 were based on five scientific papers that have been 

published or submitted for publication to peer-reviewed scientific research journals, 

there may be some duplication in the introduction and discussion sections of these 

chapters. 



Fig 1-1 Overview of the thesis structure 



INTRODUCTION 

Background to the study 

General definitions 

Overweight and obesity are defined as a state of pathologically excessive 

adipose tissue mass, conferring a higher risk of cardiovascular and metabolic 

disorders (Gil-Campos et al.，2004，World Health Organization, 2011). Alternatively 

overweight/obesity have been defined as having abnormal or excessive fat 

accumulation that may impair health (World Health Organisation, 2011). 

Prevalence of overweight and obesity 

The prevalence of childhood obesity is increasing rapidly worldwide and 

reaching epidemic proportions (Ebbeling, Pawlak, & Ludwig, 2002; World Health 

Organization, 2010). Between the 1970s and 1990s, the prevalence of obesity in 

children doubled or trebled in Australia, Brazil, Canada, Chile, Finland, France, 

Germany, Greece, Japan, the United Kingdom, and the United States (Han, Lawlor, 

& Kimm, 2010; Wang & Lobstein，2006). Experts estimated that childhood 

overweight/obesity would increase to more than 40% of children in the North 

American and Eastern Mediterranean WHO regions, 38% in Europe, 21% in the 

Western Pacific, and 22% in Southeast Asia by 2010 (Kipping, Jago, & Lawlor, 

2008; Ogden，Carroll, & Flegal, 2008; Sundblom, Petzold, Rasmussen, Callmer, & 

Lissner，2008). In 2010，WHO estimated that nearly 43 million children under the 

age of 5 years were overweight globally. WHO considers the rapid increase in the 

rate of overweight/obesity in children as one of the greatest threats and challenges to 

public health of the 21®̂  century (World Health Organization, 2010). 



During the past two decades, the rates of overweight/obesity in Hong Kong 

children/adolescents have also dramatically increased. The prevalence of 

overweight/obesity in children/adolescents aged 6-18 years increased by about 9% 

(from 16.7% to 25.5%) for boys and by about 4% (from 16.7% to 20.6%) for girls 

from 1993 to 2005/06 respectively, using the >85 percentile as the cutoff to define 

both overweight and obesity and the >95 percentile to define obesity (So et al., 

2008). If the International Obesity Task Force definitions (Cole, Bellizzi, Flegal, & 

Dietz, 2000) are used to define overweight and obesity cut-offs in Hong Kong 

Chinese children/adolescents, then 20.9% boys and 13.5% girls，aged 6-18 years, 

were overweight/ obese in 2005/06 (So, et al.，2008). The annual increase in the 

prevalence of childhood obesity in Hong Kong is approximately 0.5 percent over the 

past decade, and is similar to that of other countries such as the United States (So, et 

al., 2008). 

Health consequences of childhood obesity 

Increasing obesity prevalence among children and adolescents is one of the 

leading public health problems globally (Ebbeling, et al., 2002). There is a wealth of 

evidence that overweight/obesity is related to adverse health risks (Bray, 2004). 

Overweight/obesity is associated with a clustering of cardiometabolic risk factors 

(CMRFs) including elevated serum levels of triglycerides, elevated low-density 

lipoprotein cholesterol (LDL-C), low serum levels of high-density lipoprotein 

cholesterol (HDL-C), elevated blood pressure and impaired blood glucose tolerance 

(Burke et a l , 2004; Katzmarzyk et al., 2001; Freedman, Khan, Dietz, Srinivasan, & 

Berenson, 2001). Even children at younger ages (9-12 years) with mild-to-moderate 

degrees of overweight have been found to have impaired arterial endothelial 



function and increased intima-medial thickness of their carotid arteries (Fang, 

Zhang, Luo, Yu, & Lv，2010; Woo et al., 2004a &2004b). The Bogalusa Heart 

Study found that 77% obese children remained obese in adulthood (Freedman, et al., 

2001; Vanhala, Vanhala, Kumpusalo, Halonen, & Takala，1998). Obese children are 

associated with an elevation of cardiovascular risk and ischemic heart disease in 

later life (Despres, 2007) and would likely retain their obesity-related risks for the 

rest of their lives with resultant premature morbidity and mortality (Karnehed, 

Rasmussen, & Kark，2007). 

LITERATURE REVIEW 

Measurement of body fatness 

Assessment of body fat can be done using a variety of methods ranging from 

simple to complex with all methods having limitations and some degree of 

measurement error. Methods used to measure body composition include computed 

tomography, magnetic resonance imaging, dual energy X-ray absorptiometry and 

underwater weighing and bioelectrical impedance analysis. Dual energy x-ray 

absorptiometry provides overall and regional measurement of body compositions 

including body fat, lean mass and bone mass. Computed tomography and magnetic 

resonance imaging are precise and accurate, give information on total and regional 

percentage of fat and are considered as the reference method for measuring the 

quantity of intra-abdominal adipose tissue in children/adolescents (Benfield et al” 

2008; Brambilla et al , 2006; Hoffer, 2005; Shen et al., 2003). However, computed 

tomography, dual energy x-ray absorptiometry and magnetic resonance imaging are 

expensive, require technical and radiological expertise to perform the procedure and 

interpret the results. In addition, computed tomography and dual energy x-ray 

absorptiometry require that participants be exposed to radioactivity. All these 



limitations would preclude their use in clinical practice, epidemiological or field 

studies. Underwater weighing is used to assess the level of body fatness by weighing 

a person in air and under water and comparing the difference in weight (Pietrobelli 

& Tato，2005). Although underwater weighing is relatively accurate, good for 

measuring changes in percentage of body fat, it overestimates percentage of fat in 

athletes, e.g. bodybuilders, with high fat-free mass. Furthermore, underwater 

weighing is time consuming and requires a bulky apparatus filled with water for the 

participant to submerse into water which would cause discomfort. Computed 

tomography, magnetic resonance imaging, dual energy x-ray absorptiometry and 

underwater weighing measurements are impractical in the community or 

epidemiological research settings as these diagnostic tests are cosily, limited to 

small-scale studies, and lack portability. 

Bioelectrical impedance analysis is used for predicting total body water and assumes 

73.2% of fat-free mass is water. Hence body fat can be derived from fat-free mass.. 

Bioelectrical impedance analysis can be measured using a portable scale for 

assessing the percentage of body fat. It has been used in several large scale studies 

(Chumlea et aL, 2002; Kubo et al., 2010; Loftin et al., 2007; Lohman et al.，2000) 

for estimating body composition, e.g. the National Health and Nutrition Survey 

(Chumlea, et al., 2002), the Project Heartbeat (Mueller, Harris, & Labather, 2004) 

and the Family Lifestyle, Activity, Movement and Eating (FLAME) study (Carter, 

Taylor, Williams, & Taylor, 2011). Bioelectrical impedance analysis passes a small 

and safe electrical current through the body fluids contained in muscle tissue. When 

Bioelectrical impedance analysis electrical current passes through fat mass, it 

encounters resistance. The measured resistance is called ^bioelectrical impedance'. 

When computing %BF, other information including age, gender, BW and BH of the 
8 



participant are required because the resistance of fat mass and fat-free mass are 

affected by body sizes and body frame. Although bioelectrical impedance analysis is 

less accurate than the sophisticated measurements such as computed tomography 

and magnetic resonance imaging, bioelectrical impedance analysis measurement 

scales are relatively inexpensive, portable, simple and quick, and do not require 

extensive training. However, bioelectrical impedance analysis has been criticized for 

its inaccuracy because other variables such as BH, age and gender, are needed for 

%BF calculation. Possible sources of errors including hydration levels, bladder 

status, food intake, and skin temperature would affect the accuracy of the 

measurement results, Bioelectrical impedance analysis also underestimates the %BF 

when both thighs are in contact with each other (Kyle, Bosaeus, De Lorenzo, 

Deurenberg, Elia, Gomez, et al.，2004a & 2004b; Lee & Gallagher, 2008). Studies 

have found that foot-to-foot bioelectrical impedance analysis does not provide 

accurate measurements of body composition for a considerable proportion of 

overweight or obese children/adolescents (Lazzer, Boirie, Meyer, & Vermorel， 

2003; Radley et al., 2009). Anthropometric indices such as body mass index (BMI) 

and waist circumference (WC) are simple and may provide more accurate estimates 

of relative changes in total and truncal fat than bioelectrical impedance analysis is 

able to do (Aslam et al., 2009). 
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Anthropometric indices for measurement of body fat 

Anthropometric indices including skin-fold thickness, body mass index, waist-

to-height ratio and waist circumference are commonly used to assess body fatness in 

children/adolescents. 

Skin-fold thickness 

Skin-fold thickness measurement can provide an indirect estimate of total body 

fat especially in an individual with high weight-for-height because of excessive 

muscularity, e.g. athletes. Skin-fold thickness can be measured at 3 to 9 different 

standard anatomical sites around the body (The International Society for the 

Advancement of Kinanthropometry, 2001). These are the triceps and biceps of the 

upper arms, chest, below the scapula, above the iliac crest, the abdomen, 

suprascapular, calf and thigh. The measurements are usually taken at the right side 

for measurements consistency. The assessor grasps and pulls a fold of skin and 

subcutaneous tissue, but not the muscle, between thumb and forefinger away from 

the underlying tissue. The calipers are then applied 1 cm below and at right angles to 

the pull-up fold of skin. The reading in millimeters (mm) should be taken two 

seconds later. The same site should be measured twice and the mean measurement 

should be calculated. However, today, no universal agreement is available on skin-

fold thickness reference cutoff values for children/adolescents. 

Several factors will influence the accuracy of skin-fold thickness measurement 

results, for example pressure of the caliper head, correct skin fold pinching 

technique and duplicating the exact measurement locations. The amount of fat mass 

being pulled out is somewhat subjective because it depends on the skills of the 

1 1 



assessor. Skin-fold thickness measurement results may be different when using 

different types of skin-fold measuring calipers (Gharib & Rasheed, 2009). In 

addition, skin-fold thickness requires a caliper, standardized training and 

considerable experience and skill to obtain an accurate skin-fold thickness values 

(Addo & Himes, 2010). Due to the possible measurement errors involved, it is 

usually not appropriate to convert skin-fold thickness measures to %BF. The number 

of sites that can be measured are restricted because the participants need to exposure 

themselves for most skin-fold thickness measurement except for the triceps and 

biceps measurement sites. This may induce embarrassment or anxiety to the 

participants. 

Waist-to-height ratio (WHtR) 

Waist-to-height ratio has been proposed as a convenient alternative measure for 

assessing central fatness in children/adolescents (Ashwell & Hsieh, 2005). WHtR is 

defined as WC divided by BH. The WHtR, which reflect central obesity, have been 

suggested to be a good indicator of predicting CMRFs in children/adolescents 

(Ashwell & Hsieh, 2005; Campagnolo, Hoffman, & Vitolo，2010; Ho, Lam, & 

Janus, 2003; Sung et al.，2008; Yan et al , 2007). Ashwell proposed that a WHtR of 

0.5 could be used across all age groups including children/adolescents (Ashwell & 

Hsieh, 2005), WHtR is a relatively convenient measure, age-independent and does 

not need age related reference charts (Ashwell, Lejeune, & McPherson, 1996; Hara, 

Iwata, Okada, & Harada，2002; Kahn, 2006). However BH and WC of 

children/adolescents continue to increase during growth and development in 

children/adolescents. Sung et al. (Sung, et al., 2008) challenged that WHtR is an 

age-independent measure because fewer of their older children/adolescents 

participants were categorized as having CMRFs clustering when using 0.5 WHtR 
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cut-off. Currently, there is no universally agreed WHtR reference value available for 

children/adolescents. Studies showed that WC is an adequate indicator of central 

adiposity alone and correlates more strongly than WHtR with CMRFs in 

children/adolescents (Esmaillzadeh, Mirmiran, & Azizi, 2006; Lee, Bacha, Gungor, 

& Arslanian，2006; Hirschler et al , 2005; Maffeis et al., 2003; Sung, et al., 2008). 

Furthermore, Sung et al. (Sung, et al., 2008) suggested that WC with standard 

measurement site is the simplest clinical measure of central obesity for the 

prediction of CMRFs in children/adolescents. 

Body mass index (BMI) 

Of all anthropometric indices, BMI is the most widely used anthropometric 

measurement tool to quantify and monitor overweight/obesity and to identify an 

individual who is at increased risk for adiposity-related adverse health outcomes 

(Bell et al., 2007; Kelishadi et al., 2007). BMI is the measurement of a person's BW 

in relation to his or her BH. The definition of BMI is the ratio of BW in kilograms 

(kg) divided by BH in meter squared (m^). BMI has been found to be highly 

correlated with body fat and has been used to assess and predict CMRFs clustering 

in children/adolescents (Cole, et al., 2000; Janssen et al., 2005). 

Several leading national and international institutions, including the World Health 

Organization (WHO), the National Institutes of Health (NTH) and National Heart 

Lung and Blood Institution have provided guidelines for classifying 

overweight/obesity based on BMI (National Heart Lung and Blood Institute, 1998; 

National Institutes of Health, 2011; World Health Organization, 2011). Overweight 

and obesity have been defined as BMI>25 kg/m^ and> 30 kg/m^ respectively in 

adults. These overweight and obesity cut-off points provide a benchmark for 
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individual assessment. Data from epidemiological studies demonstrate a direct 

correlation between BMI and the risk of medical complications and mortality rate 

(Bell, et al.，2007; Calle，Thun, Petrelli, Rodriguez, & Heath, 1999; Katzmarzyk, 

Tremblay, Pemsse, Despres, & Bouchard, 2003; Zhang, Tse，Deng，& Jiang, 2008). 

The International Obesity Task Force (lOTF) (Cole, et al , 2000) combined data 

from 6 national studies，including the United States, Brazil, Great Britain, Hong 

Kong, the Netherlands, and Singapore, to construct an international BMI-for-age 

and gender specific reference curve for defining overweight and obesity from 

toddlers to adolescents between age 2 and 18 years. These reference centile curves 

passed through the adult BMI overweight and obesity cutoff points 25 kg/m^ and 30 

kg/m2 respectively so as to makeup the definitions of overweight and obesity in 

children/adolescents to BMI-for-age > 25 and > 30 kg/m^ respectively. These cutoff 

points are less arbitrary than weight-for-height percentile and are based on adult 

overweight and obesity reference values. The purpose of constructing these centile 

curves is for international comparisons of prevalence of overweight and obesity in 

children/adolescents. However, the International Obesity Task Force child 

overweight and obesity classification has high specificity and low sensitivity. Reilly 

et al. (Reilly, Dorosty, Emmett, & Avon Longitudinal Study of Pregnancy and 

Childhood Study Team, 2000) compared the accuracy of the Cole—International 

Obesity Task Force approach for the diagnosis of children/adolescents 

overweight/obesity with the standard United Kingdom definition based on United 

Kingdom BMI for age percentiles to diagnose overweight/obesity in 7-year-old 

English children. They found that the Cole-International Obesity Task Force BMI 

definition for children/adolescents underestimated overweight/obesity rate in 

children/adolescents. This finding is also noted in the Hong Kong Growth Study 

(So, et al., 2008). 
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Extract from Figure 1-2. InteTnational age- and sex-specific BMI cut-off points for 
classifying overweight and obesity in children/adolescents [Cole TJ, Bellizzi MC, Flegal 
KM, et al. Establishing a standard definition for child overweight and obesity worldwide: 
international survey. British Medical Journal 2000; 320(7244):1240-3.]. 

Currently, there is lack of international consensus on the definition of BMI to define 

overweight/obesity in children/adolescents. This is due to the effects of age, sex, 

puberty and ethnicity on growth making the agreement of overweight/obesity on 

BMI definition difficult. Age, gender and ethnic specific BMI percentile charts are 

commonly used to define weight status in children/adolescents (Ogden, Carroll, 

Curtin, Lamb, & Flegal, 2010; World Health Organization, 2006). Overweight and 

obesity in children are often defined as BMI between >85 and <95 percentiles for 

overweight and > 95 percentiles for obesity (Ogden et al., 2002). In 1993, the Hong 

Kong Growth Survey defined obesity as weight > [median weight for height x 

120%], sex-specific，from birth to 18 years of age (Leung et al., 1996). However, the 
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authors did not define overweight in children/adolescents in their study. A recent 

Hong Kong Growth Study (2005/06) (So, et al., 2008) using these 3 definitions to 

compare the prevalence rate of overweight and obesity in Hong Kong Chinese 

children/adolescents. These 3 definitions were [median weight for height x 120%] 

(Leung, et al , 1996), BMI-for-age > 25 and > 30 kg/m2 (Cole, et al., 2000) and >85 

and > 95 percentiles (Ogden, et al., 2002) to define overweight and obesity 

respectively (Table 1.2). They found that the prevalence rates using the Cole -

International Obesity Task Force BMI definition to define overweight and obesity 

were the lowest among the 3 definitions. 

Table 1.2 Extract from So et al. Table 5 Overweight and obesity prevalence by 
gender in Hong Kong children and adolescents using different cut-offs, 
for data from 1993 and 2006 [p.7 (So, et al., 2008)]. 

Boys Girls T丨 _ 
i朔 200挑 關 2005/6 im 2005/6 

liiteim彻旭 1 Obesity Task Force £Ut-ofg[?] 
Overweight only (eqiiMlem to iMl BMi 2S-30) 10.41 ISM m 10,1% m \m 
Otee on[；/ (iquivalfint ro adult BMI 30) 3,棍 U% ill 1,41 Wk in 
Overweight- and obesity (equivaIeK co adulc BMI >- IS) 13.81 2051 m 13,51 11,61 \m 

Overweight and obese defined as >" 120% median we丨ghtJor-tieight 
Totai .sample 1101 ！7,41 m If,雜 \m im 
Sub-sample of $tudents reporting attendance to： Studerit Heilch Service dyring previous » 18,11 - \m 丨• 

8199) (see texc) 
StudgnE Health Service estiiriafe * IS,41 

Pewentiles based on 1993 data 
>s8S'̂ pe)r<;ftntife m m i lOil m 娜 

9 percentile m um m 8,4% 7M ID, IS 

•‘ KH Hak, Student Hedth Service, Department of Health, Personal Com_iiicati:on 
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BMI cut-offs to define overweight and obesity in children and adolescents 

Currently there is no universal consensus on a definition or cutoff for defining 

overweight and obesity in children. Most overweight/obesity definitions are derived 

from associations between body fat and long term morbidity and mortality. The 

United States Centers for Disease Control and Prevention defines childhood 

overweight as BMI between >85 and < 95 percentiles and childhood obesity as >95 

percentiles and the percentiles reference values are sex- and age-specific (Ogden，et 

al., 2002). These cut-offs value were based on the results of epidemiological studies 

showing that the risk for eventual morbidity such as cardiovascular diseases and 

diabetes significantly increase above the 95th centile (Reilly et al., 2003). These 

criteria were also adopted by many studies (Freedman et al” 2010; Gupta et al., 2011; 

Moreno, Sarria, Fleta，Rodriguez, & Bueno, 2000; Reilly, Dorosty, & Emmett，1999; 

Stettler, Zemel, Kumanyika, & Stallings，2002) and the 2005/06 Hong Kong Growth 

Study (So, et al., 2008) to define overweight and obesity. This thesis uses a BMI 

cutoff between >85 and <95 percentiles to define overweight and > 95 percentiles to 

define obesity (Ogden, et al , 2002). 

Disadvantages of using BMI 

There are several limitations of using BMI to assess overweight/obesity. Using 

BMI as an indicator for body fat distribution, to some extent, is not a simple process. 

It requires a good-quality stadiometer and weighing scale to obtain both BW and BH 

values for calculation of BMI or using a pre-calculated table to obtain the BMI 

values. Calculation of BMI may increase the chance of calculation error. The 

concepts and values of BMI are not easy for children/adolescents and lay people to 

understand (Lear, 2005). 
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BMI reflects an individual's BH, body frame size, and fat-free mass in addition to 

fat mass (Bray, DeLany, Volaufova, Harsha, & Ghampagne，2002). BMI assesses 

the overall status of obesity and it cannot distinguish fat mass from fat-free mass 

(Committee on Nutrition, 2003; Kelishadi, et al., 2007; Maynard et al.，2001; 

McCarthy, et al., 2006). Even if two people have the same BMI, their fat mass 

reserve may be different (McCarthy, Ellis, & Cole, 2003; Sardinha, Going, Teixeira, 

& Lohman, 1999). In other words, two people with the same amount of fat mass can 

have quite different BMI values. 

BMI is a crude index of body fat measurement (Reilly et al., 2000) and may provide 

misleading information about the amount of body fat in children/adolescents. BMI 

gives no indication of body fat distribution in children/adolescents with normal 

weight and overweight/obese status (Bray, DeLany, Harsha, Volaufova, & 

Champagne, 2001; Prentice & Jebb, 2001)‘ BMI can be an inaccurate indicator for 

children/adolescents with normal body fatness because any changes in BMI may be 

due to changes of skeletal muscle rather than body fat. Measurements of body fat 

distribution, especially abdominal fat or central or upper body fat，as reflected by 

WC have been suggested to be associated with an increased risk of cardiometabolic 

disorders (Hirschler, et al., 2005). The correlation coefficients between BMI and 

WC were very high; 0.94 for boys and 0.90 for girls (Ochiai et al., 2010). 

Waist Circumference 

WC was recognized as a strong predictor of intra-abdominal adipose tissue in 

children/adolescents (Brambilla, et al., 2006; Hsieh, Yoshinaga, & Muto, 2003; 

Taylor, Jones, Williams, & Goulding, 2000). Intra-abdominal adipose tissue 

includes abdominal visceral tissue and retroperitoneal adipose tissue. Abdominal 
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visceral tissue is intraperitoneal fat which includes mesenteric and omental fat that 

drains directly into the portal circulation, while retroperitoneal fat drains into the 

systemic circulation. (Klein et al. 2007). Abdominal visceral tissue deposition is an 

independent contributor to an increase of the portal free fatty acid concentration, 

which can lead to hyperinsulinemia，even in individuals who have a BMI within the 

normal range (Ruderman & et al., 1998). Abdominal visceral tissue is also suggested 

as being responsible for the pathogenesis of insulin resistance, dyslipidemia, glucose 

intolerance, hypertension, and cardiovascular risk (Misra & Vikram，2003) and is 

associated with impaired glucose and lipid metabolism (De Simone, Verrotti, & 

lughetti, 2001; Fox, Massaro, & Hoffmann, 2007; Matsuzawa, Nakamura, 

Shimomura, & Kotani，1995; Montague & O'Rahilly，2000). Increased abdominal 

visceral tissue (also called central or abdominal fat) is associated with an increased 

risk for cardiometabolic disorders (Despres et al., 1990; Klein et al., 2007). 

WC has been found to be a strong independent predictor of obesity-related 

morbidity and mortality in both adults and children/adolescents. WC is strongly 

correlated with diabetes and cardiovascular disease (de Koning, Merchant, Pogue, & 

Anand, 2007; Zhu et al., 2002). The Bogalusa Heart Study found that WC was 

associated with a clustering of CMRFs in children/adolescents aged 5 to 17 years 

including high triglycerides, high LDL-C, and hyperinsulinemia (Freedman et al., 

2007; Hirschler, et al., 2005; Hsieh, et al., 2003) and it could explain up to 64.8% of 

its variance in children/adolescents aged 7-16 years (Brambilla，et al., 2006). 

Definition of overweight and obesity using waist circumference measures 

Today, WC charts have been developed in many countries (Eisenmann, 2005; 

Katzmarzyk, 2004; McCarthy, Jarrett, & Crawley, 2001; Ng et al., 2007; Roswall et 
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al.，2009; Schwandt, Kelishadi, & Haas, 2008; Sung et al.，2007). Maffeis et al. 

(Maffeis, Pietrobelli，Grezzani, Provera, & Tato, 2001) found that children with a 

WC greater than the percentile were at significantly high risk of CMRFs 

clustering than those children with a WC < percentile. WC > 90 percentile has 

been used as cutoff to define obesity in children/adolescents and to identify those at 

high cardiometabolic risk (Cook, Weitzman, Auinger, Nguyen, & Dietz，2003; Cruz 

et al., 2004; Ford, 2005; Zimmet et al., 2007). This thesis uses WC > 90 percentile 

as the cutoff to define obesity in children/adolescents. The Hong Kong Growth 

Survey 2005/06 WC data was used as reference to identify children/adolescents with 

WC> 90 percentile in this thesis. 

Waist circumference measurement protocols 

WC is an estimation of abdominal girth and is a surrogate measure of 

abdominal visceral tissue. Measurement of WC has been recommended for 

assessing obesity in clinical settings (Alberti, Zimmet, & Shaw, 2006; S. Klein, et 

al., 2007), as well as in epidemiological studies (Kelishadi, et al., 2007; Yusuf et al., 

2005). However, there is no standardized protocol for measuring WC and no 

consistent anatomical landmark is used to measure WC in different studies. A panel 

of experts (Ross et al., 2008) suggested using bony landmarks for WC measurement. 

Using bony landmarks at fixed skeletal sites for WC measurement could provide a 

guide for training health professionals and lay persons and minimize measurement 

errors. The measurement guide could ensure higher reliability of WC measures as 

well as repeated WC measures (Ross, et al., 2008), Experts suggest using either 

midway between lowest rib and iliac crest as recommended by the World Health 

Organization (World Health Organization，2008) or at the superior border of the 

iliac crest as suggested by National Institutes of Health guidelines (National 
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Institutes of Health, 2000) for WC measurement consistency. In this thesis, midway 

between lowest rib and iliac crest，as recommended by the World Health 

Organization (World Health Organization, 2008), was used by investigators to 

obtain WC values from the children/adolescents in this thesis. Table 1,3 is a 

summary of different common WC measurement sites. 

Table 1.3 Summary of different commonly used waist circumference 
measurement sites 

Reference Protocol for measuring waist circumference 

Asayama et al (2000) At the level of the umbilicus 

Folsom (2000) One inch above the umbilicus 

National Institutes of Health 
(2000) 

Top of the iliac crest 

Turcato et al. (2000) Minimum abdominal circumference between the 
xyphoid process and the umbilicus 

Bigaard et al. (2005a) Minimum circumference between the lowest rib and 
iliac crest but in cases of indeterminable waist 
narrowing, the midpoint between the lowest rib and 
iliac crest was used 

Buchholz & Bugaresti (2005) Immediately below the lowest rib 

Huang et al. (2005) The natural waist, at the level of hollow molding of 
the trunk when the trunk is concaved laterally 

Golley, Magarey, Steinbeck, 
Baur, & Daniels (2006) 

Midpoint between the 10th rib and the iliac crest 

Katzmarzyk, Craig, & Gauvin, 
(2007) 

At the point of noticeable waist narrowing, but in 
cases of indeterminable waist narrowing, the lowest 
rib was used. 

Klein, et al. (2007) Narrowest (minimum) waist circumference 

Klein, et al. (2007) Widest (maximum) waist circumference 

WHO (2008) Midpoint between the lower margin of the last 
palpable rib and the top of the iliac crest 
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Strength of using WC as an obesity screening tool in children!adolescents 

WC is a simple, accurate, convenient, easy to learn and clinically acceptable 

surrogate measure of abdominal visceral tissue (Cheng, 2004; S. Klein, et al.，2007; 

Lear, James, Ko, & Kumatiyika，2009; Revenga-Frauca et al., 2009; Wang, 2003). A 

larger WC is associated with a higher rate of obesity related cardiometabolic 

disorder, whereas a smaller WC is more likely to reflect a reduction in abdominal fat 

mass. This reduction would have a greater clinical implication than reduction of 

body weight. Studies have found that the reproducibility of WC measurements have 

demonstrated excellent intra- and inter-observer reliabilities (Chen, Lear, Gao, 

Frohlich, & Birmingham，2001; Ross, et al., 2008). 

WC correlates closely with BMI and total body fat. Obtaining BMI is more 

complicated than WC in terms of calculating and explaining BMI scores to patients 

and public, WC measurement only requires a flexible non-elastic measuring tap 

which is simple, cheap and portable. Only a few minutes and a tape measure are 

required to obtain a useful variable cost effectively. However, BMI measurement 

requires a good-quality stadiometer and weight scale for obtaining BW and BH for 

the calculation of BMI values. 

The prevalence of childhood obesity has increased significantly in the past decades. 

Childhood obesity has a significant negative impact on cardiovascular and metabolic 

health in children and their later life (Chen & Wang, 2009; Denzer et al., 2007). A 

simple, easy-to-learn and convenient screening tool is needed to identify children 

with overweight/obesity status. WC has been recommended as a screening tool and 

as a single measure for identifying body fatness in children who are at risk of 

developing cardiometabolic complications (Kannel et ai., 1991; Klein et al., 2004). 
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Self-report method 

Self-report method was used in this thesis to collect Tanner pubertal stage, BW, 

BH and WC values from the children/adolescents because this method allows for 

quick, simple and inexpensive data collection where time，cost and privacy are of 

concern in the large scale sleep study. One study found that SRDBMI and SRWC 

can satisfactorily assess the prevalence of overweight or obesity and of increased 

WC in adults (Dekkers, van Wier, Hendiiksen, Twisk, & van Mechelen, 2008), 

and another study noted that SRWC is usable as a proxy for technician-measured 

WC in regression analyses (Bigaard, Spanggaard, Thomsen, Overvad, & 

Tjonneland, 2005). Research done on self-reported WC is very limited especially 

in children/adolescents. It may be due to measured WC itself has not been made 

popular to define obesity. Nevertheless, self-report method is one of the common 

data collection methods in the literature, e.g. self-reported pubertal stage, self-

reported body weight and body height, and a very limited literature on self-

reported waist circumference in adults. 

Nonetheless, self-reported data are subject to measurement errors 

including bias and variance. For example, a study comparing self-reported 

and measured BW and BH found that subjects tend to overestimate their 

BH but underestimate their BW (Danubio, Miranda, Vinciguerra, Vecchi, 

& Rufo, 2008), leading to a systematic error. The direction of this bias 

likely reflects what is perceived to be socially desirable in the real world. 

Puberty, obesity and cardiometabolic risk 

Pubertal development plays an important role in the growth and development 

of children/adolescents. Puberty is a process of sexual maturation manifesting as a 
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complex physiological process resulting in changes in body composition 

associated with hormonal changes that influence growth and development of 

children/adolescents. Overweight/obese children/adolescents face challenges 

during growth and development and during sexual maturation because the 

significant increased adipose tissue produces endocrinologically active substances. 

Overweight/obesity is associated with abnormal insulin resistance in 

children/adolescents due to increased adipose tissue (Chiarelli & Marcovecchio, 

2008). Pre-pubertal obese children have also been found to have insulin resistance 

(Caprio, Bronson，Sherwin, Rife, & Tamborlane，1996). Insulin resistance is "a 

state in which a given concentration of insulin is associated with a subnormal 

glucose response" (Moller & Flier, 1991) and is characterized by "a decrease in 

the ability of insulin to stimulate the use of glucose by muscles and adipose tissue 

and to suppress hepatic glucose production and output" (Matthaei, Stumvoll, 

Kellerer, & Haring, 2000). Overweight/obese children/adolescents have a 

significantly increased insulin resistance particularly in middle puberty, 

approximating to Tanner stages 2’ 3 and 4 because of increased overall and 

visceral adiposity (Boyko，Fujimoto, Leonetti, & Newell-Morris, 2000). 

Subsequently pancreatic B-cells are unable to compensate adequately for this 

insulin resistance (Kahn, 2001) leading to metabolic abnormalities and type 2 

diabetes (Caceres, Teran, Rodriguez, & Medina，2008; Caprio, et al., 1996; Flegal, 

Ogden, Wei, Kuczmarski, & Johnson, 2001; Wang, Rimm, Stampfer, Willett, & 

Hu, 2005). Studies have found that insulin resistance was associated with 

hyperlipidaemia in children/adolescents (Hoist-Schumacher, Monge-Rojas, & 

Barrantes-Santamaria，2009; Zachurzok-Buczynska, Klimek, Firek-Pedras, & 

Malecka-Tendera, 2011) resulting in increased risk of cardiovascular disease 

(Weiss & Kaufman，2008). Puberty has also been found to be positively 
2 4 



associated with increased blood pressure (Chen & Wang，2009). 

Overweight/obesity in children/adolescents has accelerated growth and pubertal 

maturation (Wang, 2002). The stage of puberty may thus have an impact on 

metabolic outcomes, particularly in overweight/obese children/adolescents. 

Summary 

In summary, BMI and WC are the most widely used anthropometric measures in 

clinical, community and research settings. BMI and WC are simple, accessible, 

low cost and practical tools for identifying overweight and obesity and have been 

useful predictors of metabolic and cardiovascular morbidity and mortality 

(Freedman, et al.，2007; Kahn, Imperatore, & Cheng, 2005; Maffeis, et aL, 2001; 

McCarthy & Ashwell, 2006). Self-reported anthropometric measures for 

identifying overweight/obesity have been used elsewhere, either in adults or in 

children/adolescents. To the best of our knowledge, no study lias been has been 

conducted to assess the agreement between measured and self-reported 

anthropometric measures in terms of BW, BH and WC and the diagnostic ability 

of these measures to identify children/adolescents with overweight/obesity status 

and CMRFs clustering in Hong Kong Chinese children/adolescents. 

Although puberty is one of the important factors to consider when assessing 

metabolic parameters in children/adolescents, no known study has been done on 

the association between pubertal stages and CMRFs clustering in Hong Kong 

Chinese children. The research questions，aims and objectives of this study are 

described in the following sections. 
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Research questions, aims and objectives of the study 

1) Can SRDBMI and SRWC be used as screening tools for identifying 

overweight/obesity status and CMRFs in Hong Kong Chinese 

children/adolescents ？ 

2) Is there an association between a clustering of CMRFs and pubertal stage? 

3) Do we need to account for puberty when assessing overweight/obesity and 

CMRFs? 

Aims of the study 

The aims of the study were two fold. The first aim was to identify simple self-

reported anthropometric screening tools to identify overweight and obese status in 

Hong Kong Chinese children. The second aim was to investigate the effect of 

pubertal stage on the prediction of CMRFs clustering in Hong Kong Chinese 

children/adolescents. 

Objectives of the study were to : 

1) Assess the performance of Tanner pubertal questionnaire with Chinese text 

and Chinese Pubertal Development Scale between assessor's visual depict 

physical examination and the children/adolescents' self-reported scores 

2) Assess the agreement of BW and BH between self-reported and measured 

values; 

3) Assess the agreement of WC between self-reported and measured values; 

4) Examine the diagnostic ability of SRDBMI for classifying 

children/adolescents with overweight and obesity status and CMRFs 

clustering; 
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5) Examine the diagnostic ability of SRWC in classifying 

children/adolescents with overweight and obesity status and CMRFs 

clustering; 

6) Investigate the association between self-reported pubertal stage and 

CMRFs; 

7) Investigate the effect of pubertal stage on the prediction of CMRFs by 

BMI and WC. 
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CHAPTER 2 

ASSESSMENT OF SELF-REPORTED PUBERTAL STAGE 

Preface 

This Chapter presents the children/adolescents' abilities to assess their own 

pubertal stage using two Chinese pubertal assessment questionnaires: line-drawing 

Tanner pubertal questionnaire with Chinese text and Pubertal Development Scale 

(PDS). The children/adolescents could be able to assess their own pubertal stage 

approximately and consistently with the assessors' rating results. The papers 

resulting from this chapter were published in peer review journals. The paper entitled 

"Reliability of pubertal self-assessment in Hong Kong Chinese children" was 

published in the Journal of Paediatrics and other paper entitled "Measurement of 

pubertal status with a Chinese self-reported Pubertal Development Scale" was 

published in the Child Health and the Maternal and Child Health Journal. 

INTRODUCTION 

Puberty is a significant period of physiological changes and sexual maturation 

transitioning from childhood to adolescence. Sexual maturation begins with the 

pulsatile release of gonadotropin-releasing hormones to stimulate the production of 

estrogen and androgen which are responsible for the development of secondary 

sexual characteristics, namely breast development and menstruation in girls and 

beard, penis and testes development in boys. Physiological changes include a growth 

spurt, with an increase in height, bone mass, fat mass and muscle mass, together with 

development of body hair and body odour (Marshall & Tanner, 1968，1969). The 

timing of the onset of normal pubertal development and sexual maturation rates 
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varies across a wide range of ages; from about 10 to 16 years old (Marshall & Tanner， 

1968, 1969; Nottelmann et al., 1987; Tanner, 1962). 

Sexual maturation may influence many aspects of the adolescent development, from 

cognitive performance, self-perception, and socio-sexual behaviour to risky 

behaviours, delinquency (Sarigiani, Ryan, & Petersen, 1999) and psychopathology 

(Graber, Lewinsohn, Seeley, & Brooks-Gmm, 1997; Graber, Seeley，Brooks-Gunn, 

& Lewinsohn，2004; Hayward et al., 1997). Behavioural changes that occur during 

adolescence have been found to have a greater correlation with sexual maturation 

status than with chronologic age (Ellis，2004; Lam, Shi, Ho, Stewart, & Fan, 2002). 

Puberty is also associated with metabolic and hormonal changes. Increases in 

pubertal growth hormone is associated with a decreased insulin-sensitivity and an 

increased insulin secretion and resistance from Tanner pubertal stage II to IV, 

followed by a return to approximate prepubertal levels by the end of puberty. The 

transient changes in insulin levels are a normal physiological development during 

puberty (Bloch, demons, & Sperling, 1987; Goran & Gower, 2001; Moran et al., 

1999; Moran et al, 2002; Travers, Jeffers, Bloch, Hill, & Eckel, 1995). Hence, when 

identifying children/adolescents who are at risk of having persistent abnormal 

hyperinsulinemia and insulin resistance in clinical care and epidemiological studies, 

it is important to assess sexual maturation status of children/adolescents as different 

Tanner stages manifest different insulin sensitivity levels and insulin resistance. 

Sexual maturation status can be assessed by hormonal assays and physical 

assessment. Hormones involved in pubertal development are gonadotrophin-
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releasing hormone which simulates release of follicle-stimulating hormone and 

luteinizing hormone. The follicle-stimulating hormone and luteinizing hormone then 

stimulate the gonads (ovaries or testes) to produce more of the sex steroids including 

estrogen and progesterone in females and testosterone in males and androgens in 

both females and males. However, daytime levels of these hormones are low in the 

early stages of puberty. A single hormonal assay may not reflect true levels because 

of the pulsatile nature of gonadotrophin release (Bridges, Matthews, Hindmarsh, & 

Brook, 1994). Moreover, the use of hormonal assays may not be widely available 

and expensive. Due to such limitations of hormonal assays, questionnaires such as 

the self rating Tanner Pubertal Questionnaire and Pubertal Development Scale may 

be preferable for data collection in large epidemiological studies and community 

settings. 

Tanner pubertal questionnaire 

The Tanner Sexual Maturation Scale (Marshall & Tanner, 1968, 1969) has been 

a reference method for the assessment of sexual maturation status in 

children/adolescents. Nevertheless, use of this scale requires children/adolescents to 

disrobe for physical assessment by medical/health professionals. 

Children/adolescents may be reluctant to be examined in the nude and involvement 

of medical/health professionals may also make this assessment method unsuitable for 

large scale epidemiological studies. To avoid embarrassment and to increase 

participation rate, the Tanner standard photographs (Marshall & Tanner, 1968, 1969) 

and gender-specific line drawings (Morris & Udry，1980) pubertal self-assessment 

questionnaires were developed to assess sexual maturation status of 

children/adolescents. The questionnaire illustrates 5 stages of pubertal development 
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of children/adolescents including female breast, male genitalia and pubic hair in both 

genders with a brief description. Previous studies showed that children/adolescents 

were able to assess their sexual maturation status using Tanner pubertal 

questionnaire (Chan et al., 2008; Morris & Udry, 1980; Norris & Richter, 2005; 

Taylor et al., 2001), although some negative results have also been reported 

(Desmangles, Lappe, Lipaczewski, & Haynatzki, 2006; Hergenroeder, Hill, Wong, 

Sangi-Haghpeykar, & Taylor, 1999; Wu, Lee, & Wu，1993). 

Pubertal Developmental Scale 

However, using the Tanner pubertal questionnaire with its pictures or drawings 

of naked males and females, could raise objections from school principals and 

parents (Bond et al., 2006; Petersen, Crockett, Richards, & Boxer, 1988). It is also 

possible that completion of the questionnaire in classroom could cause 

embarrassment for some students and this might deflect attention from the 

questionnaire itself. In response to such resistance by schools and parents, and to 

improve participation rates in studies involving pubertal assessment of 

children/adolescents, a Pubertal Developmental Scale (PDS) (Petersen, et al., 1988) 

has been developed. The scale consists of five questions, with responses based on a 

four point scale. The PDS enables children/adolescents to rate their own sexual 

maturation status and has been shown to be comparable to the other self-reported 

sexual maturation status tools (Bond, et al., 2006; Brooks-Gunn, Warren, Rosso, & 

Gargiulo, 1987; Carskadon & Acebo, 1993; Schmitz et al., 2004). Two studies have 

found that children were able to use PDS to report their pubertal status consistently 

with the self-assessment Tanner Pubertal questionnaire results (Bond, et al., 2006; 

Carskadon & Acebo, 1993), and parents and teachers' report on the students' sexual 

3 1 



maturation status (Carskadon & Acebo, 1993), but without physical assessment by 

raters for comparison. The PDS has also been used for mothers to report their 

daughters' pubertal development in a longitudinal study (Baker, Birch, Trost, & 

Davison, 2007; Davison, Werder, Trost, Baker, & Birch，2007). Two further studies 

(Brooks-Gunn, et al., 1987; Schmitz，et al.，2004) comparing the agreement between 

the self-reported PDS against physician rating using Tanner pubertal assessment 

questionnaire have shown fair to moderate agreement. Both studies concluded that 

PDS was a useful alternative for broad estimation of children's pubertal stages in 

epidemiological studies. 

Aims of the study 

To the best of our knowledge, no study has assessed the performance of Tanner 

pubertal self-reported questionnaire and self-reported PDS in Hong Kong Chinese 

children. Therefore our study was designed to assess the performance of a Chinese 

version line-drawing Tanner pubertal self-reported questionnaire (Appendix 2.1 & 

2.2) and self-reported PDS (Appendix 2.5 & 2.6) using visual depiction sexual 

maturation examination by a same gender rater in Hong Kong Chinese children. 

Objectives of the study 

1) Assess the performance of Tanner pubertal questionnaire with Chinese text 

between assessor's visual depict physical examination and the 

children/adolescents' self-reported scores; 

2) Assess the performance of Chinese Pubertal Development Scale between 

assessor's visual depict physical examination and the children/adolescents， 

self-reported scores; 
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METHODS 

The children/adolescents were drawn from a convenience sample. Sample size 

estimation was based on previous self-reported of sexual maturation status research. 

The children/adolescents aged between 8 to 18 years were recruited from school 

settings. 

Study population 

Sample size of the Tanner pubertal questionnaire with Chinese text 

A total of 354 students including 172 boys and 182 girls were recruited from 

one primary (59 boys and 63 girls) school and 2 secondary schools (113 boys and 

119 girls) for the study of the Tanner pubertal questionnaire. 

Sample size of the Chinese version Pubertal Developmental Scale 

The same group of students were also asked to assess their pubertal stage using 

a Chinese PDS. Of these 354 students, 290 students including 59 boys and 63 girls 

from one primary school and 70 boys and 98 girls from one secondary school 

responded to the PDS questionnaire. 

Study protocol 

Content validity of the Chinese version line-drawing Tanner pubertal 

questionnaire and PDS was done by a paediatrician, an endocrinologist and four 

students, that is a pair of male and female students aged 11 years studying in grade 6 

and another pair aged 12 years studying in grade 7，for content readability and 

comprehension. The two students who studied in grade 6 required clarification of 

some terms such as "areola", "menstruation", "scrotum", "testes", "deepening-voice" 
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and "grow hair on your face". Therefore during administration of the questionnaire, 

questions were read aloud to those children who studied in grade 6 or below with 

consistent explanations of the various terms and to any students who asked for 

clarification. Children/adolescents were also given an explanation of these terms if 

they requested for this information. No major changes were done to the wording or 

phrasing of the questionnaires. 

Since data collection was conducted in school settings, the research staff wore 

hospital uniforms so as to look more professional, increase trust between the 

children/adolescents and research staff and ultimately facilitate data collection. 

Children/adolescents were given the Chinese versions of the Tanner pubertal 

questionnaires, followed by the PDS to fill out, before undergoing visual depiction 

physical examination by a same gender rater who was experienced in Tanner staging 

in a private room. The raters were unaware of the results of the two self-reported 

questionnaires. 

Instruments 

Two instruments were used in this study; line-drawing Tanner pubertal 

questionnaire with Chinese text and Chinese self-reported PDS were described as 

follows: 

The line-drawing Tanner pubertal questionnaire 

A line-drawing Tanner pubertal questionnaire (Morris & Udry，1980) with 

Chinese text was used to rate the children/adolescents' sexual maturation status by 

trained raters and by the children/adolescents themselves. The questionnaires have 
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illustrations of five stages of female breast, male genitalia development and pubic 

hair growth in both genders, together with brief written descriptions in Chinese. 

The Chinese version Pubertal Developmental Scale 

The Chinese version PDS consists of five items: age at menarche，breast growth 

in girls, deepening-voice and facial hair growth in boys，body hair growth, and 

growth spurt and skin changes，especially pimples in both genders. 

Children/adolescents were asked to respond to a 4-point scale; "not yet started (1 

point)", "barely started (2 points)", "definitely started (3 points)" or "seems 

completed (4 points)". Answering “I don't know" was considered as missing. 

Menarche was coded dichotomously; either no (0 point) or yes (1 point). 

Table 2.4 Computation of puberty category scores using the algorithm developed 

by Crockett 

Boys Girls 

Tanner Totaling body hair Totaling body hair growth, 
stage growth, voice-deepening, breast development, and 

and facial hair growth menarche 

1 Prepubertal 3 2 and no menarche 

2 Early 4 or 5 (no 3-point 3 and no menarche 

Pubertal responses) 

3 Midpubertal 6，7，or 8 (no 4-points) > 3 and no menarche 

4 Late 9-11 <=7 and menarche 

pubertal 

5 Postpubertal 12 8 and menarche 
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For the purposes of comparison with the Tanner stages, the three salient sexual 

maturation characteristics of the PDS - menarche, breast and body hair growth in 

girls, and deepening-voice, body hair and facial hair growth in boys - were computed 

using the algorithm developed by Crockett (Petersen, et al., 1988) to generate the 

puberty category scores. The puberty category scores were used to categorize the 

children/adolescents into one of the five pubertal development stages (Table 2.4). 

The scores of the two items of the Tanner questionnaire in each gender; breast 

Tanner (BT), male genitalia Tanner (GT), pubic hair (PH) in both genders, were 

averaged and then rounded up to the highest pubertal stage to avoid underestimating 

the sexual maturation status of children/adolescents. The roundup pubertal stage was 

called the Tanner derived composite stage (TDCS) which was used for comparing 

the agreements with the puberty category scores. 

Anthropometric measures 

Students were measured for height and weight, WC and hip circumference 

using standard techniques and with the children/adolescents standing without shoes 

and lightly clothed. WC was measured midway between the lowest rib and the 

superior border of the iliac crest at minimal respiration. Hip circumference was taken 

at maximal protrusion of the buttocks. The circumferences were given as the mean of 

two measurements to the nearest 0.1 cm. BMI was calculated as weight/height^ 

(kg/m2). 
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Ethics Committee approval 

This study was approved by the Joint Chinese University of Hong Kong - New 

Territories East Cluster Clinical Research Ethics Committee. Consent for 

participating in the study were sought from both parents and students, with letters 

explaining the purpose and procedure of data collection sent to all students and 

parents via the schools. Parents and students were informed that participation in the 

study was voluntary and they could withdraw from the study anytime without 

penalty. 

Statistical analysis 

Statistical analyses were performed using SPSS version 16, including means 

[± standard deviation (SD)], frequencies, and accuracy rates. The corrected-item total 

correlations were used to indicate the degree to which each item of PDS correlates 

with the total score. If the value is less than 0.3, it indicates that the item is not 

measuring the same construct of the scale as a whole. Cronbach's alpha coefficients 

were used to measure the internal consistency and the scale reliability of the PDS. 

The StatXact 8 software (Cytel Statistical Software & Services) was used to compute 

the inter-rater agreements using the weighted kappa (WK) statistic with 95% 

confidence interval (95% CI). The children/adolescents‘ self-reported versus raters' 

assessment was evaluated by accuracy rates and by weighted kappa statistic for inter-

rater agreement. The weighted kappa statistic is an agreement statistic for ordered 

categories and the proportion of weighted agreement is corrected for chance (Fleiss 

& Cohen，1973). The weighted kappa statistic allows for differential weighting of 

disagreement (Cohen, 1968). That is when the number of categories increases, the 
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weighted kappa value will decrease as there is more chance for disagreement with 

more categories. Fleiss (Fleiss, 1981) suggested a quadratic weighting (the square 

terms) gives high weights to responses that differ by one category and low weights if 

the responses differ by two and three categories. No weight is given to responses 

differing by four categories. Based on the principles of quadratic weighting, two 

Tanner stages were combined for analysis using cross tabulations if one cell in one of 

the stages is empty. Kappa ‘Benchmarks‘ (Landis & Koch, 1977) of the strength of 

agreement are as follows: < 0.00=poor; 0.00-0.20=slight; 0.21-0.40=fair; 0.41-

0.60=moderate; 0.61-0.80=substantial; >0.8=almost perfect. 

Kendall's i-b correlation coefficient was also used to measure the strength of the 

cross tabulations of breast, male genitalia and pubic hair Tanner stages. It was also 

used to present the strength of association between the PDS and Tanner pubertal 

questionnaire. Kendall's i-b correlation is based on the ranking of data measured at 

the ordinal level correlation coefficients. Values range from -1 (no association) to +1 

(the theoretical maximum possible association) and increasing values imply 

increasing agreement between the rankings. A value of zero means no association. 

RESULTS 

The results of the two studies were reported individually in the following 

sections. The results of the self-reported Tanner pubertal questionnaire with Chinese 

text were reported first followed by the self-reported PDS. 
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Tanner pubertal questionnaire with Chinese text 

Characteristics of the participants 

The mean (± standard deviation, SD) of chronological age was 12.2(1.7) years 

for boys and 12.4(1.8) years for girls. The mean (± SD) BMI for boys and girls was 

19(3.3) and 18.8(3.4) kg/m^ respectively (Table 2.1). According to the international 

BMI cut-offs (Cole, et al., 2000)，25(14%) girls and 35(20%) boys were categorized 

as overweight or obese. This proportion was similar to the 2005/6 Hong Kong study 

that showed 12.5% girls and 20.9% boys were overweight or obese using these same 

cut-offs (So, et al., 2008). 

Table 2.1 Characteristics of the study population for assessing the performance of self-
reported Tanner pubertal questionnaire 

Boys (n=172) Girls (n=182) 

Mean(±SD) Min Max Mean(±SD) Min Max 

Age (years) 12.2(1.7) 8.2 17.5 12.4(1.8) 8.2 18 

BMI (kg/m2) 19(3.3) 13.2 30 18.8(3.4) 13.4 31.6 

Body weight (kg) 44.2(12.2) 22.7 87.6 43.2(10.7) 23.2 79.3 

Body height (m) 1.5(0.1) 1.3 1.8 1.5(0.1) 1.2 1.7 

Waist circumference (cm) 67.1(9.1) 48.50 95.2 64.6(8.8) 47 96 

Hip circumference (cm) 81.6(8.3) 64.50 111 82.5(8.9) 62 108 

SD, standard deviation; Min，minimum, Max, maximum 

Self-reported breast development in girls 

Of all girls (n=182), 102(56%) showed complete agreement with the rater in 

estimating their breast Tanner (BT) stage. The highest percentage of complete 

agreement (19%) was observed in BT2. The highest percentage of disagreement 
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(22%) was noted in BT3. Forty-one (23%) and 3(2%) girls overestimated 1 and 2 BT 

stages respectively; 35(19%) and 1(0.6%) girls underestimated 1 and 2 BT stages 

respectively (Table 2.2a). 

The quadratic weighted kappa statistic measure of agreement for BT staging was 

0.72 (p<0.0001, 95% CI 0.66，0.79). Moderate correlation (Kendall's T-b=0.64; 

p<0.01) between girls' self assessments and rater's assessments of BT staging was 

found (Table 2.3). The mean (±SD) chronological age for BT stage 1，2, 3, 4 and 5 

was 11.6(1.5); 11.8(1.6); 12.8(1.6); 13.6(1.6) and 16.9(1) respectively. 

Self-reported pubic hair development in girls 

Among 182 girls, 108 (59%) completely agreed with the examiner in assessing 

their pubic hair (PH) Tanner stages. The highest percentage of complete agreement 

(28%) was found in PHI. The highest percentage of disagreement (18%) was noted 

in PH3; 25(14%) and 2(1%) girls overestimated 1 and 2 PH Tanner stages; 42(23%) 

and 5(3%) girls underestimated 1 and 2 PH Tanner stages respectively (Table 2.2a). 

The quadratic weighted kappa statistic measure of agreement of all girls for PH 

staging was 0.83(p<0.0001, 95% CI 0.78, 0.87). Correlation between girls' self-

reported and rater's assessments was moderately high (Kendall's T-b=0.76; p<0.0001) 

(Table 2.3). The mean (土SD) chronological age for PH Tanner stage 1，2，3, 4 and 5 

was 10.9(1.4); 12,5(1); 12.8(1.2); 13.6(1.6) and 15.8(1.6) years respectively. 
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Self-reported genital development in boys 

Of the entire group of boys, 84(49%) have shown complete agreement with the 

rater in estimating their genitalia Tanner (GT) stage. The highest percentage of 

complete agreement (23%) was found in GT2. The highest percentage of 

disagreement (20%) was noted in GTS. Thirty-seven (22%) and 1(0.6%) boys 

overestimated 1 and 2 Tanner stages respectively. Forty-seven (27%), 2(1%) and 

1(0.6%) boys underestimated 1, 2 and 3 male GT stages respectively (Table 2.2b). 

The quadratic weighted kappa statistic measure of agreement for GT staging was 

0.58(p<0.0001, 95% CI 0.48’ 0.68). Moderate correlation (Kendall's x-b=0.52; 

p<0.0001) between boys' self assessments and rater's assessments of GT staging was 

found (Table 2.3). The mean (土SD) chronological age for male genitalia Tanner 

stage 1, 2, 3, 4 was 10.8(1.6); 11.8(1.1); 13.1(1.2); 16(1.3) respectively. Only one 

boy aged 16 years was categorized as male genitalia Tanner stage 5. 
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Table 2.2a Cross-tabulation between girls' self-reported and rater's assessment of 
breast and pubic hair stages 

Rater's assessment 
Girls' self-reported 

3 Total 

Breast stages 

10 

2 

0 

0 

0 

7 

34 

16 

0 

11 

31 

14 

0 

0 

2 

23 

26 

3 

17 

49 

71 

41 

Pubic hair stages 

50 

7 

1 

0 

0 

4 

17 

17 

3 

0 

0 

3 

19 

16 

13 

20 

2 

54 

28 

51 

44 

5 
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Table 2.2b Cross-tabulation between boys' self-reported and rater's assessment 
of genital and pubic hair stages 

Rater's 
assessment Boys' self-reported 

2 3 4 Total 

Genital stages 

1 17 18 1 

2 19 39 10 

3 2 24 25 

36 

68 

60 

7 

Pubic hair stages 

1 74 23 4 0 0 ioT 

2 1 18 8 1 0 28 

3 0 6 12 9 0 27 

4 0 1 4 10 0 15 

5 0 0 0 1 0 1 
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Table 2.3 Summary of studies on agreement of pubertal self-reported and rater assessments 

Studies using Sample sizes Statistical Breast Female Male Male 
line drawings methods Tanner Pubic Hair Genitalia Pubic 

Hair 
Morris & Udry Female Pearson 0.63 0.81 0.59 0.63 
(1980) (n=47) correlation 

Male (n=48) coefficient 

Wu, Schreiber, White female Kappa 0.32-0.51 0.36-0.55 not not 
IClementowicz, (n=174) coefficient applicable applicable 
Biro, & Wright Black female (Adjusted 
(2001) (n=130) age) 

Taylor, Whincup, Female Weighted 0.43 0.60 0.51 0.75 
Hindmarsh, (n=41) kappa (95% CI (95% CI (95% CI (95% CI 
Lampe, Odoki, & Male (n=62) coefficient 0.18, 0.68) 0.31’ 0.89) 0.29, 0.73) 0.51, 0.99) 
Cook (2001) 
Norris & Richer Female (n= Kappa 0.81 0.71 0.60 0.63 
(2005) 90) coefficient 

Male (n二 92) 

Present study Female Weighted 0.72*** 0.83*** 0.58*** 0.80**^ 
(2007) (n=182) kappa (95% CI (95% CI (95% CI (95% CI 

Male (n=172) coefficient 0.66, 0.79) 0.78，0.87) 0.48, 0.68) 0.74，0.86) 

Kendall'sT-b 0.64** 0.76** 0.52** 0.75** 
correlation 

Studies using standard pictures 

Duke, Litt, & 
Gross (1980) 

Female 
(11=43) 
Male (n:23) 

Kappa 
coefficient 

0.81 0.91 0.88 

Neinstein (1982) Female 
(n= 22) 
Male 
(n= 22) 

Spearman 
correlation 

0.87 0.86 0.72 0.69 

Wacharasindhu, 
Pri-Ngam, & 
Kongchonark 
(2002) 

Female 
(11=100) 
Male (n=94) 

Weighted 
kappa 
coeificient 

0.76 0.79 0.73 0.59 

•=p< 0.01 level (2-tailed). 0.0001 level (2-tailed). CI, confidence Interval. 
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Self-reported pubic hair development in boys 

Among 172 boys, 114(66%) completely agreed with the rater in assessing their 

pubic hair (PH) stages. Both the highest percentage of complete agreement (43%) 

and disagreement (16%) were observed in PHI. Of all boys, 40(23%) and 5(3%) 

boys overestimated 1 and 2 PH Tanner stages; 12(7%) and 1(0.6%) boys 

underestimated 1 and 2 PH Tanner stages respectively (Table 2.2b). 

The quadratic weighted kappa statistic measure of agreement for PH Tanner staging 

was 0.80(p<0.0001 95% CI 0.74，0.86). Correlation between boys' self-reported and 

rater's assessments of PH Tanner staging was moderately high (Kendall's T-b=0.75; 

p<0.0001) (Table 2.3). The mean (±SD) chronological age for PH Tanner stage 1, 2, 

3，4 was 11.4(1.4); 12.4(0.8); 13.2(1.2); 15.2(1.2) respectively. Only one boy aged 

17 years was categorized as PH Tanner stage 5. 

Self-reported Pubertal Developmental Scale (PDS) 

Characteristics of study population 

The mean (±SD) chronological age was 12 (2) years for boys and 12.4 (1.9) 

years for girls. The mean (±SD) BMI for boys and girls was 19 (3.3) and 18.9 (3.4) 

kg/m2 respectively (Table 2.5). Of the entire group of children/adolescents, 21 girls 

(13%) and 28 boys (21.7%) were categorized as overweight or obese according to 

the international BMI cutoffs (Cole, et al.，2000). 
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Table 2.5 Characteristics of the study population assessing the performance of self-reported 
Pubertal Developmental Scale (PDS) 

Boys (n=129) Girls (n=161) 

Mean(±SD) Min Max Mean(±SD) Min Max 

Age (years) 12.1 (±1.97) 8.2 17.5 12.4(±1.92) 8.2 18.0 

BMI (kg/m2) 19.1(±3.32) 13.2 28.5 18.9(±3.38) 13.9 31.6 

Body weight (kg) 44.4(±12.66) 22.7 87.6 43.2(±10.85) 23.2 79.3 

Body height (m) 1.5(±0.13) 1.3 1.8 1.5(1.095) 1.2 1.7 

Waist circumference (cm) 67.1(±9.17) 48.5 94.0 64.6(±9.10) 47.0 96.0 

Hip circumference (cm) 81.3(±8.40) 64.5 106 82.5(±9.07) 62 108 

The internal consistency of the PDS 

The corrected-item total correlations ranged from 0.52 to 0.69 for girls and 0.33 

to 0.47 for boys. The Cronbach's coefficient alpha of the PDS was 0.80 for girls and 

0.66 for boys. When excluding growth height and skin changes, the corrected-item 

total correlations were moderately high (0.67, 0.65, 0.56) for girls and fair to 

moderate (0.33, 0.39, 0.42) for boys. The Cronbach's alpha was 0.75 for girls and 

0.56 for boys. The results of the corrected-item total correlations and the Cronbach's 

alpha indicated that the internal consistency of the PDS measured pubertal growth of 

children as a whole. The children were consistent in their reports of pubertal changes 

across the item characteristics. 
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Pubertal assessment in girls 

In general, most agreements and correlations between rater's assessment and 

girls' self-report corresponded from moderately high to substantial. Of the 161 girls, 

substantial agreements were found between rater and girls for TDCS [Weighted 

Kappa 0.79 (0.74，0.84); Kendalli-b 0.74 (0.68, 0.79)] and BT [Weighted Kappa 

0.74 (0.67, 0.81); Kendalli-b 0.67 (0.60, 0.75)] but almost perfect agreement for PH 

[Weighted Kappa 0.83 (0.78, 0.88); Kendallx-b 0.77 (0.72，0.83)]. The agreement 

between rater's TDCS and girls' puberty category scores was moderately high 

[Weighted Kappa 0.57 (0.44，0.71); Kendallx-b 0.60 (0.51, 0.69)], and girls' self-

reported TDCS and puberty category scores was substantial [Weighted Kappa 0.66 

(0.56，0.77); Kendalli-b 0.65 (0.57, 0.73)]. 

The correlation coefficients between girls' self-reported PDS and rater's TDCS 

[Kendallx-b 0.61 (0.54, 0.69)], and girls' self-reported PDS and TDCS [Kendalli-b 

0.62 (0.55, 0.69)] were substantial. Table 2.6 displays the correlation coefficients of 

the individual items between assessor rated Tanner pubertal assessment 

questionnaire and girls' self-reported PDS. Results of the strength of the relationship 

were significant with moderately high to substantial correlation coefficients between 

items. 
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Table 2.6 Kendall's i-b correlation coefficient between rater's assessment and children's self-
reported of the individual items of the Tanner scale and the PDS (95% CI) 

Girls' self-reported PDS Boys' self-reported PDS 

Breast 
growth 

Body hair The composited item 
of deepening-voice & 
facial hair growth 

Body hair 

Rater's assessment of BT 0.50(**) 
(0.38, 0.61) 

Rater's assessment of GT 0.45(**) 
(0.33, 0.58) 

Rater's assessment of PH 
(0.51, 0.71) (0.38, 0.65) 

Children's self-reported 0.59 門 0.48 門 
PH (0.48 .69) (0.34, 0.61) 

Girl's self-reported BT 0.60(**) 
(0.51, 0.70) 

Boy's self-reported GT 
(0.33, 0.59) 

Correlation is significant at the 0.01 level (2-tailed) (**) 
Note: Two salient sexual characteristics, items of deepen voice and moustache in boys were 
composited, averaged and rounded up to the highest stage which is used for computation of 
correlation coefficient. 

Of all girls, the complete agreement between rater's TDCS and puberty category 

scores was 40.4%. The highest agreement (18.6%) and disagreement (27.3%) were 

found in late pubertal (stage 4) and midpubertal (stage 3) respectively. Sixty-two 

(38.5%) and 12 (7.5%) girls overestimated 1 and 2 TDCS and 20 (12.4%) girls 

underestimated 1 TDCS (Table 2.7a). 
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0 7(4.3) 6 2 

0 6 19(11.8) 16 

1 0 4 8(5) 

0 0 0 3 

1 0 0 0 

0 

10 

39 

30(18.6) 1 

7 1(0.6) 

15 

51 

52 

34 

9 

6(3.7) 4 0 0 0 

7 22(13.7) 14 7 0 

0 3 12(7.5) 31 0 

0 0 3 44(27.3) 1 

0 0 0 4 1(0.6) 

13 29 29 86 2 

10 

50 

47 

49 

5 

Total 

Note: The agreement between rater's TDCS and girls' PCS: WK 0.57, 95% CI(0.44, 0.71) 
The agreement between girls' TDCS and girls' PCS: WK 0.66, 95% CI(0.56, 0.77) 

Self-reported menarche 

Of the entire group of girls, 98(54%) reported that they had reached menarche; 

the age ranged from 10 to 13 years. Fifty percent of girls recalled having reached 

menarche at 11 years old. All were rated within BT stage 3 to 4. 

Pubertal assessment in boys 

Of the 129 boys, the agreements and correlation coefficients between rater and 

boys corresponded from moderate to substantial. Substantial agreements were found 
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Table 2.7a Crosstabulation of the agreement (percent of agreement) between rater's Tanner 
Derived Composition Stage (TDCS), girls' TDCS and girls' Pubertal Category 
Scores 

Girls' Pubertal Category Scores 
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between rater and boys for TDCS [Weighted Kappa 0.74 (0.66, 0.82); Kendall x-b 

0.64 (0.54，0.73)]; GT [Weighted Kappa 0.65 (0.54，0.76); Kendallx-b 0.58 (0.48, 

0.68)] and PH [Weighted Kappa 0.80 (0.74, 0.87); Kendalh-b 0.76 (0.70, 0.82)]. 

Moderately high agreements were found between rater's TDCS and boys' puberty 

category scores [Weighted Kappa 0.58 (0.47, 0.69), Kendall x-b 0.50 (0.38，0,62)]， 

and boys' self-reported TDCS and puberty category scores [Weighted Kappa 0.58 

(0.44, 0.71), Kendall x-b 0.53 (0.41，0.65)]. 

Moderate correlations were obtained between the boys' self-reported PDS and the 

rater's TDCS [Kendall i-b 0.49 (0.38, 0.61)], and the boys' self-reported PDS and 

TDCS [Kendall x-b 0.53 (0.42，0.64)]. For comparing the items between GT and 

PDS, two male salient sexual characteristics - voice-deepening and facial hair 

growth of the PDS - were combined, averaged and rounded up to the highest stage. 

This PDS composite item was then used to compute the correlation between the 

rater's assessment of GT and boys' self-reported GT. Table 2.6 shows the 

correlation coefficients of the individual items between Tanner scale and boys' self-

reported PDS. Results of the strength of the relationship were significant with 

moderate correlation coefficients between items. 

The complete agreement between rater's TDCS and boys' puberty category scores 

for boys was 38.8%, Both the highest complete agreement (15.5%) and 

disagreement (24.9%) were observed in TDCS stage II. Eighteen (14%) and 3 (2.3%) 

boys overestimated 1 and 2 TDCS, 48 (37.2%) and 3 (23%) boys underestimated 1 

and 2 TDCS respectively (Table 2.7b). 
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Tanner 
stage 

3 15(11.6) 10 3 0 0 31 

3 22 20(15.5) 7 0 0 52 

1 3 14 10(7.8 1 0 29 

0 10 5(3.9) 0 

0 0 2 0(0) 

15 

3 20(15.5) 5 2 0 0 30 

3 15 26(20.2) 9 0 0 53 

0 5 12 7(5.4) 0 0 24 

1 0 1 12 8(6.2) 0 22 

0 0 0 0 0 0(0) 0 

40 44 30 8 0 129 

Total 

Note: The agreement between rater's TDCS and boys' puberty category scores: 
Weighted Kappa 0.58 95% CI (0.47, 0.69) 

The agreement between boys' TDCS and boys' puberty category scores: 
Weighted Kappa 0.58, 95% CI (0.44 0.71) 
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Table 2 .7b Crosstabulation of the agreement (percent of agreement) between rater's 
Tanner Derived Composition Stage (TDCS), boys' TDCS and boys' Pubertal 
Category Scores 
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DISCUSSION 

Self-reported Tanner pubertal questionnaire 

We evaluated the performance of the self-reported Tanner pubertal 

questionnaire in Hong Kong Chinese children. Our results suggested most 

children/adolescents were capable of identifying their own sexual maturation status 

approximate to the rater's assessments resulting in a moderate to almost perfect 

agreement. The study results are supported by many studies using line drawings 

(Morris & Udry，1980; Norris & Richter，2005; Taylor, et al.，2001; Wu，Schreiber, 

Klementowicz, Biro, & Wright，2001) and Tanner's standard photographs (Table 2.3) 

(Duke, Litt, & Gross，1980; Neinstein, 1982; Wacharasindhu, Pri-Ngam, & 

Kongchonrak, 2002). A substantial agreement for BT stages, moderate agreement 

for GT stages and substantial to almost perfect agreement for PH Tanner stages in 

both genders between self-reported and raters' assessments obtained from this study 

are similar to a few previous studies (Duke, et al., 1980; Morris & Udry，1980; 

Neinstein, 1982; Norris & Richter，2005; S. J. Taylor, et al., 2001; Wacharasindhu, 

et al., 2002). In general, the agreement for GT stages was found to be lower than BT 

and PH Tanner stages. This may be due to the fact that boys may have difficulty in 

recalling the sizes of their testes and scrotum without visual depiction before 

answering the questionnaire. Providing a full-length mirror for the adolescents to 

examine their own sexual maturation status before answering the questionnaire has 

been shown to improve the agreements between children's self-assessment and 

raters' physical examination (Norris & Richter，2005). Overall, the agreements 

between the children/adolescents and raters are substantial and significant for girls 

and moderately high for boys. Most agreements differed by one Tanner stage only. 
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The pattern of responses in this study showed that boys tended to rate themselves as 

less mature by underestimating their genitalia development which is consistent with 

the study done in Taipei (Wu, et al.，1993). The results may reflect cultural reticency 

of the Hong Kong Chinese male adolescents. However, girls tended to rate 

themselves as more mature by overestimating their breast Tanner stages. It may be 

postulated that this could be due to the influence of the mass media in emphasizing 

the importance of physical appearance of women. 

Some studies have questioned the accuracy of the Tanner pubertal self-reported 

questionnaire (Desmangles, et al., 2006; Hergenroeder, et al., 1999; Schlossberger, 

Turner, & Irwin, 1992; Wu, et al., 1993). Disconcordance between self-reported and 

expert's assessment may be attributable to the small sample size (37 girls and 46 

boys) of one study (Schlossberger, et al., 1992). A study done in Taiwan using grade 

9 students to validate the Tanner pubertal self-reported questionnaire (Wu, et al,, 

1993) reported that the questionnaire was not a reliable tool to assess their 

participants. The authors concluded that their results might be explained by cultural 

reticency and little emphasis on sexual health education in the school curriculum. 

Self-reported Pubertal Development Scale 

We evaluated the performance of the Chinese version self-reported PDS against 

raters' physical assessment for the Hong Kong Chinese children/adolescents. The 

correlations between raters' assessment and children/adolescents‘s self-reported 

PDS were found to be from moderate to substantial. The agreements between raters' 

TDCS and children/adolescents‘s puberty category scores were moderately high. 

The accuracy rate of the complete agreement was higher for girls than boys. Most 
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disagreements differed by one category which was similar to a previous study done 

in the United States (Schmitz, et al.，2004). 

A study (Norris & Ricliter, 2008) reported that the self-reported PDS was a less 

reliable pubertal assessment tool in African adolescents in multiethnic community-

based research. The authors noted that they were not sure of the literacy of their 

participants and had therefore asked participants to verbally respond to the PDS 

questionnaire instead of self-completion. This data collection method, with the 

implication that the participants had low levels of educational attainment, could also 

reflect that these students might have had limited understanding of their own 

pubertal development which could have influenced their selections and explain the 

negative findings of this study. 

Weighted versus Unweighted Kappa 

A stringent requirement for exact matching between children/adolescents‘ self-

reported and raters' assessments may explain a low degree of agreement in other 

studies examining the performance of self assessment Tanner pubertal staging 

questionnaire (Desmangles，et al., 2006; Hergenroeder, et al., 1999) and PDS (Wu, 

et al., 1993). These studies used the unweighted kappa statistic for inter-observer 

reliability measures. However, using the unweighted kappa statistic for this type of 

study may not be optimal to reflect the actual clinical situation because the statistical 

results only distinguish between raters' agreement and disagreement without giving 

credit for near agreement. Since self-reported and rater's physical examination of 

sexual maturation status are both somewhat subjective and there is no exact cut-off 

of the Tanner pubertal stages, in particular Tanner stages 3 and 4, the concordance 
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between raters should be allowed for differential weighting of different levels of 

disagreement. If validity is judged only on an exact match between self-reported and 

the rater's assessment, a low to moderate inter-rater reliability is to be expected. Our 

study adopted the Weighted Kappa statistic to analyze the data, which is a more 

appropriate method as it is an agreement statistic for ordered categories and allows 

differential weighting of different levels of disagreement (Cohen, 1968). Weighted 

Kappa gives high weights to responses that differ by one category, low weights to 

responses that differ by two and three categories and no weight is given to responses 

by four or more categories (Fleiss, Levin, & Paik, 2003). 

The performance of the two self-reported pubertal questionnaires 

It might be anticipated that agreements between the two self-reported pubertal 

assessment questionnaires (PDS and Tanner) of children/adolescents might be 

substantially high since children reported their own pubertal stage, albeit with two 

different instruments. However, most agreements and correlations between the 

children's two assessments were only from moderate to moderately high. This result 

may be attributed to the less well defined 4-point scale of the PDS, e.g. children may 

not know whether their sexual characteristics development "seems completed" or 

not, especially for children who are undergoing mid or late pubertal development. 

Definition can be given to each of the point scale so that children could be able to 

select the most appropriate point scale to indicate their pubertal stage. 

In addition, sexual characteristic items for boys in the PDS are less specific than the 

Tanner pubertal assessment tool. Further study may be needed to consider items 

which are specific to the development of male sexual maturation status, e.g. male 
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genitalia growth or/and spermarche and spermarcheal age, in the PDS. The 

occurrence of spermarche could be considered as a sexual maturation marker 

because spermarche was significantly associated with maturation of secondary sex 

characteristics (Hirsch, Lunenfeld, Modan, Ovadia, & Shemesh，1985). Post-

spermarcheal boys had also been found to have an increase in body size, shape, and 

physiological function during early and middle puberty (Ji, 2001). Over one-third of 

girls that achieved menarche were rated to be at stage III to IV and their age ranged 

from 10 to 13 years. This finding was similar to a previous United States study 

(Desmangles, et al., 2006). However, this important marker of sexual maturation is 

not included in the Tanner pubertal questionnaire. Menarchal status should be 

included as an indicator of girls' sexual maturation status. This information would 

be important for monitoring secular trends in female pubertal development. 

The PDS items on growth in height and skin changes especially pimples were 

excluded from the sexual maturation status analysis in this study since these two 

items provide limited information for the estimated sexual maturation status of 

children. The growth spurt in height may vary in different children because it may 

be influenced by genetic and other factors such as nutrition and illness. Skin changes, 

especially pimples are not limited to adolescents, and may also be noted in adults. 

Data from these two items may be more appropriately monitored in longitudinal 

studies to compare child growth and development (Petersen, et al., 1988). 

A downward trend in the mean age of menarche, as compared with previous Hong 

Kong studies with mean ages from 12.85 years in 1963 (Lee, Chang, & Chan, 1963), 

12.2 years in 2002 (Lam, et al., 2002) to 11.5 years in the present study, was noted. 
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Although recall bias could be a factor when reporting age at menarche, this 

important event is likely to be recalled correctly and should not be a factor in 

explaining the secular trend. The earlier age of menarche may be explained by 

increased consumption of estrogen-containing foods (Saenz de Rodriguez, 

Bongiovanni, & Conde de Borrego, 1985) and warrants further research to better 

understand this potentially important phenomenon as earlier age of menarche has 

also been found to adversely affect changes in cardiometabolic risk factors 

(Remsberg et al.，2005). 

Limitations 

As only three schools (1 primary and 2 secondary) took part in the study，these 

results may not be representative of the Hong Kong population. The results of this 

study reflect the children's ability to recall their pubertal development since they did 

not have the opportunity to look at themselves before completing the questionnaire. 

Higher agreements might be anticipated if children are allowed to inspect 

themselves before filling out the questionnaires. However requirement for such self-

inspection might be unsuitable when these tools are used in epidemiological studies. 

The PDS questionnaire was completed after the Tanner self-reported questionnaire. 

It is possible that reversing this order could influence the children's interpretation 

and the study results. 

This study did not evaluate whether obesity might result in an over-estimation of 

breast stage in girls (either by self-reported or by rater assessment). The rater did not 

use palpation to differentiate fat tissue from breast tissue. Although this is a 

limitation of the study, we do not think it will have significantly influenced on our 
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results since only 14% of the girls were classified as being overweight or obese. 

Further study would be required to determine whether obesity is a significant factor 

in pubertal self-assessment. 

CONCLUSION 

This study confirms that a Tanner pubertal self-reported questionnaire with line 

drawings and explanatory Chinese text and PDS are useful tools for estimating 

pubertal stage in Hong Kong children/adolescents. These two self-reported pubertal 

assessment tools may provide an alternative for population/ epidemiological studies 

for broad estimation of pubertal stage of children/adolescents when cost, privacy and 

other concerns preclude the use of other sexual maturation status assessment tools. 
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CHAPTER 3 

METHODS, PROCEDURES, STATISTICAL ANALYSES 

Preface 

This chapter describes the methods of a Sleep study funded by Hong Kong's 

Research Grants Council (CUHK4465/06M). The study titled "Sleep duration, 

neurohormonal dysregulation and obesity in Hong Kong children and adolescents", 

was conducted from February 2007 to April 2008 using a cluster sampling method. 

A total of 2119 children aged 6-20 years were recruited and 2088 of these were 

eligible for inclusion in the analyses undertaken for this thesis. The primary aim of 

the Sleep study was to explore the associations between sleep duration, 

neurohormonal dysregulation and obesity in Hong Kong children and adolescents 

aged 6-18 years. The results of this study have been reported elsewhere (Kong et al., 

2011; Kong et al., 2010; Kong et al. in press). Secondary aims of the study included 

the potential use of self-reported anthropometric measures to classify 

overweight/obesity and to predict cardiometabolic risk as explored in this thesis. The 

analyses reported in Chapter 4 to 6 utilize part of the database of the Sleep study but 

actual sample size varied depending on the purpose of the analyses as described in 

detail in the respective Chapters. 

METHODS 

Sample size 

A total of 2119 participants aged 6-20 years, 804 primary school students and 

1315 secondary school students, were recruited. 2102 participants who aged 6 to 20 

years self-reported that they had no medical/psychiatric illnesses or long term 

medications. After excluding participants aged over 18 years old (Figure 3.1), there 

were 2088 (99.3%) participants aged 6 to 18 years eligible for inclusion in the 

analyses. Participants who had both corresponding measured and self-reported 

anthropometric values and self-reported pubertal staging, were included into the 

study where appropriate. Participants without corresponding measured and self-

reported anthropometric values and self-reported pubertal stage were excluded from 

the respective analyses described in Chapters 4 to 6. 
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Sampling method 

This was a cross-sectional study conducted from February 2007 to April 2008. 

The cluster sampling method of the Sleep study was based on that used for the Hong 

Kong Growth Study undertaken in 2005/06 (So, et al., 2008). A two-stage cluster 

sampling method was employed. In the first stage of the sampling, a complete list of 

all primary and secondary schools of all 18 districts in Hong Kong was obtained 

from the Education Bureau of Hong Kong to compile a sampling frame of all 

schools in Hong Kong. International and English Schools Foundation schools, which 

partly cater for expatriate non-Chinese children, were excluded. Selection of a 

school was based on computer-generated random numbers according to numbers of 

schools per district, and if the selected school declined to participate, the next 

randomly selected school was invited to participate. Although one primary school 

and one secondary school were randomly selected from each of the 18 Districts in 

Hong Kong for the 2005/06 Hong Kong Growth Survey (So, et al., 2008), only 5 

primary schools and 6 secondary schools were randomly selected for the Sleep 

study. Children of Chinese ethnicity and without self-reported medical illnesses 

were recruited. In the second stage, two classes in each grade were selected in 

collaboration with the school principal based on timetables and operational needs. 

All students of the selected classes were invited to join the study. 

Ethics Committee approval 

The Sleep study was approved by the Joint Chinese University of Hong Kong -

New Territories East Cluster Clinical Research Ethics Committee. Children were 

recruited after approval from school principals. Study information sheet and 

informed consent (Appendix 3.1) were sent to parents through a letter distributed by 

the school. Parents were told that children who participated in this study, would be 

given a record of their body measurements. If the child was found to have abnormal 

findings, he/she would be referred to the hospital for further assessment (Appendix 

3.3). The parents and children were told that participation in the study was voluntary, 

that they could withdraw from the study at anytime without penalty and that all their 

information would be kept confidential. 
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PROCEDURES 

After obtaining written consent from their parents or guardians together with 

the children's written or/and verbal consent, the children were given a self-

administrated questionnaire to bring home for completion either by themselves or by 

their parents/guardians. The questionnaire included demographic data, self-reported 

variables such as BW, BH，WC, pubertal staging and medical illness and taking long 

term medications. The children/parents were not given any instructions for reporting 

their WC, BW and BH. Secondary school students were asked to complete the 

questionnaire by themselves and primary school students were asked to seek help 

from their parents/guardians for answering the questionnaire. Children were 

instructed to return the questionnaire and not to eat and drink anything for at least 8 

hours for fasting blood samples on the day of the survey. 

Data collection 

On the day of data collection, the survey was conducted during the first two 

sessions in the morning to minimize interruption of normal school activities. The 

anthropometric measurements of children were taken by trained research staff. BW 

was measured with children standing without shoes, lightly clothed and recorded to 

the nearest 0.1 kg on a calibrated weight scale (weight scale model: Tanita physician 

digital scale, model number TBF-410, Tanita Corp., Tokyo, Japan). A correction of 

0.5 kg was made for clothing for all children. Standing height was measured to the 

nearest 0.1 cm using a portable rigid stadiometer. When measuring the BH, the 

children were asked to look straight ahead, stand straight with heels together in bare 

or stockinged feet, put arms by their sides, touch the measuring rod of the 

stadiometer with their upper back, buttocks and heels and then stretch to a fully erect 

position with normal breathing, WC was measured twice to the nearest 0.1 cm at 

midway between the lowest rib and the superior border of the iliac crest at the mid-

axillary line on bare skin without clothing during exhalation, while standing straight-

up using a non-stretchable flexible measuring tape. The second measurement was 

taken immediately after the first measurement. The two measurements were then 

averaged. BP was measured twice from right arm after 5 minutes of rest in a seated 

relaxed position by a validated electronic blood pressure monitor (Omron, model 

number: T5，Omron Healthcare Inc., Tokyo, Japan). Children were asked to rest for 
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1 minute before the BP measurement, and the measurement was repeated (a third 

time) if the child's BP was greater than 120/80 mmHg. The retained values were the 

average of the two readings. The interval of data collection between self-reported 

and measured anthropometric values ranged from one to two weeks. 

Laboratory analyses 

After an overnight fast of at least 8 hours, blood samples were collected for 

measurement of fasting plasma glucose and lipid profile including total cholesterol, 

triglyceride, low-density lipoprotein cholesterol (LDL-C) and high-density 

lipoprotein cholesterol (HDL-C) levels. All blood samples were kept in ice at 0°C 

and returned to the laboratory within 4 hours after collection either for assay or 

storage. Blood samples including fasting plasma glucose and lipid profile were 

assayed within 6 hours after collection and additional aliquots of serum for other 

assays were stored at -70°C. Glucose (hexokinase method), total cholesterol 

(enzymatic method), triglyceride (enzymatic method without glycerol blanking) and 

HDL-C (direct method using PEG-modified enzymes and dextran sulfate) were 

measured on a Roche Modular Analytics system (Roche Diagnostics GmbH, 

Mannheim，Germany) using standard reagent kits supplied by the manufacturer of 

the analyzer. The precision performance of these assays was within the 

manufacturer's specifications. 

Definitions of cardiometabolic risk factors (CMRFs) 

Children who have three or more out of five CMRFs are considered as having a 

clustering of CMRFs (Ng, et al., 2007; Sung, et al., 2007), The five CMRFs used in 

this study were as follows: 

i) fasting triglycerides > 90th percentile (age and sex specific) (Cruz, et al.， 

2004). Triglycerides values were logarithmically transformed to correct for 

skewness before subjected to analysis; 

ii) fasting blood glucose > 5.6 mmol/L (Zimmet, et al., 2007); 

iii) fasting HDL-C < 10th percentile (age and sex specific) (Cruz, et al., 2004); 

iv) WC > 90th percentile (age and sex specific) (Cruz, et al , 2004); and 

V) either systolic blood pressure or diastolic blood pressure > 90th percentile 

(age, sex and height specific) (Cruz, et al., 2004). 
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STATISTIC ANALYSES 

Data were presented by appropriate descriptive statistics. Continuous and 

categorical data were respectively presented as mean (standard deviation) and 

frequency (%) for illustrating the sample characteristics. BMI was calculated as BW 

in kilogram (kg) divided by BH in meters squared (kg/m^). BMI was calculated for 

each participant based on both self-reported and measured BW and BH values. 

Since there were some obvious extremes in self-reported values, a cutoff was 

adopted for defining outliers (Freedman, Pisani, & Purves, 1998). Those children 

with differences in self-reported and measured BW, BH and WC values greater than 

three standard deviations were considered as outliers and were excluded from the 

analysis. Overweight and obesity were defined as a BMI greater than the Hong 

Kong local age and gender specific 85也 and percentiles respectively (Ogden, et 

al., 2002; So, et al , 2008). Consistency between self-reported and measured values 

was assessed by the intra-class correlation coefficient (ICC). The term self-reported 

refers to the BW, BH and WC values reported by the children themselves, their 

parents or guardians from any source. Agreements of weight status based on MBMI, 

SRDBMI, SRWC and MWC was assessed using Cohen's kappa statistic. 

Adopting the kappa benchmark (Landis & Kodi，1977), the strengths of agreement 

were as follows: <0.20=poor; 0.21-0.40=fair; 0.41-0.60=nioderate; 0.61-

0.80=substantial; >0.8=almost perfect. The mean differences between measured and 

self-reported anthropometric values by gender, weight status and school types were 

assessed using t-test or one-way ANOVA with Bonferroni correction for post hoc 

multiple comparisons. Chi square test was used to examine the association between 

pubertal stages and CMRFs. All the statistical analyses were performed using SPSS 

17.0 (SPSS Inc., Chicago, IL). All statistical tests used were two-sided and a p-value 

<0.05 was considered statistically significant. 

Diagnostic ability of SRDBMI, and SRWC to classify children with 

overweight/obesity status 

Sensitivity, specificity, positive predictive value (PPV) and negative predictive 

value (NPV) with [95% confidence intervals (CI)] were used to assess the diagnostic 

ability of self-reported anthropometric values to identify overweight and obesity, 
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using measured anthropometric values as the reference method. Sensitivity (true-

positive rate) is the probability of correctly detecting true overweight/obese status. 

Specificity (true-negative rate) is the probability of correctly detecting true normal 

weight status. PPV and NPV with 95% CI were used to denote the test results 

correctly identifying overweight/obese status among children according to SRDBMI 

data. The PPV was the proportion (%) of children who correctly identified 

themselves as overweight/obese, whereas the NPV was the proportion of children 

who correctly identified themselves as not overweight/obese. 

Diagnostic ability of SRDBMI, and SRWC to classify children with a clustering 

ofCMRFs 

Area under receiver operator characteristic (AUC-ROC) curves analyses were 

employed to examine the diagnostic ability of SRWC for classifying 

overweight/obese status and CMRFs clustering in children. The areas under the 

ROC curve is a measure of the diagnostic ability of a test (self-reported or measured 

WC in our study) to classify those with and without a specified outcome (CMRFs 

clustering or overweight/obesity) satisfactorily. A value of 1 is considered as a 

prefect test, whereas a value of 0.5 or smaller indicates a result that is no better than 

a random guess or flipping a coin. Guidelines (Hosmer & Lemeshow, 2000) for 

interpreting AUC-ROC values are as follows: acceptable: 0.7< AUC < 0.8, 

excellent: 0.8 < AUC < 0.9 and outstanding: AUC s 0.9. The AUC-ROC of SRDBMI 

and SRWC for classifying children with CMRFs clustering were compared to the 

measured values using the method suggested by DeLong (DeLong, DeLong, & 

Clarke-Pearson, 1988) and done using the PROC LOGISTIC (SAS Institute, Gary, 

NC, release 9.2). 

The effect of pubertal stage on the prediction of CMRFs by BMI and WC 

Given the small number of children that were identified with a clustering of 

CMRFs (n=54), the analysis would be underpowered to explore the moderator effect 

of pubertal stage on the prediction of CMRFs clustering by WC or BMI. Therefore 

another approach using a summary risk score to quantify the CMRFs was used to 

examine the potential moderator effect. 
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A summary risk score, based on The European Youth Heart Study (Andersen et al.， 

2006), was constructed to quantify CMRFs clustering for the population sample of 

school children in Hong Kong. The components of the score were selected on the 

basis of the International Diabetes Federation (Zimmet, et al., 2007) and modified 

National Health and Nutrition Survey (Ng, et al” 2007) definitions of metabolic 

syndrome. Specifically, the score consists of six components: WC, triglycerides, 

LDL-C, fasting blood glucose, HDL-C and BP (either systolic BP or diastolic BP). 

The risk score (a) was computed by summing up the following: 

(1) z-score of sex specific age-adjusted WC 

(2) z-score of sex specific age-adjusted triglyceride 

(3) z-score of sex specific age-adjusted LDL-C 

(4) z-score of sex specific age-adjusted fasting blood glucose 

(5) minus z-score of sex specific age-adjusted HDL-C 

(6) the greater one of z-score of sex specific age and height adjusted systolic BP and 

z-score of sex specific age and height adjusted diastolic BP. 

Each of the component variables of the risk score was regressed with age (and 

height as well for systolic BP and diastolic BP) for boys and girls separately. The 

standardized residuals were retained to represent the z-score of age-adjusted values 

for each component variables. In parallel, a CMRFs score (p) without the central 

obesity component (i.e. WC) was also calculated for the sake of comparison. 

Hierarchical multiple regression analyses were used to examine the moderator effect 

of pubertal stage on the prediction of CMRFs by WC or BMI. All the statistical 

analyses were conducted separately for boys and girls. Z-score of unadjusted WC / 

BMI was first entered into regression model with the CMRFs score as the dependent 

variable. Then pubertal stage was recoded as two dummy variables (pubertal and 

post-pubertal with pre-pubertal as reference) and entered into the regression. Finally, 

the interaction terms of the pubertal stage and z-score of WC / BMI were entered 

into the regression model. The significance of the additional terms included as 

compared with the preceding model was assessed using F-test. The moderator effect 

of pubertal stage was indicated by the significance of the interaction terms added to 

the regression model. 
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The definition of prepubertal, pubertal and late/post pubertal stage 

The five Tanner pubertal stages were combined into 3 pubertal stages, namely 

prepubertal stage, pubertal stage and late/post pubertal stage. The prepubertal stage 

is equivalent to the Tanner pubertal stage 1. The pubertal stage is the average of 

Tanner pubertal stage 2 and 3. The late/pubertal stage is the average of Tanner 

pubertal stage 4 and 5. The average scores were rounded to the highest pubertal 

stage so as to avoid underestimating the pubertal stage (Chan et al., 2010). 

Fig 3.1 Flow chart showing the recruitment of participants who were included in 

and excluded from the study 
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CHAPTER 4 

ASSESSMENT OF SELF-REPORTED BODY WEIGHT AND 

BODY HEIGHT 

Preface 

This chapter presents the agreement of body weight (BW) and body height 

(BH) between children/adolescents self-reported and assessor measured values and 

the diagnostic ability of self-reported body weight and height derived body mass 

index (SRDBMI) to classify children with overweight/obesity status and a clustering 

of cardiometabolic risk factors (CMRFs). Given that BMI is the most common 

overweight/obesity screening tool, an understanding of the agreement of the BW and 

BH between measured and self-reported values as well as the diagnostic ability for 

classifying children with overweight/obesity status and CMRFs clustering could 

provide alternative assessment method for screening overweight/obesity in children 

in community settings and epidemiological research 

INTRODUCTION 

Anthropometric measures such as BMI (Freedman & Sherry, 2009) is 

commonly used for assessing overweight/obesity. BMI is calculated as BW in 

kilogram divided by BH in metre square. Children with high BMI for age are more 

likely to have a clustering of CMRFs (Freedman, et al , 2007; Thompson et al.， 

2007). Encouraging parents and children to monitor overweight and obesity may 

lead to greater awareness, earlier detection and improved treatment compliance of 

overweight/obesity, SRDBMI has been recommended for monitoring prevalence of 

obesity, particularly for large-scale studies or screening for overweight/obesity in 

community settings because of simplicity and low cost (Brener, McManus，Galuska, 

Lowry, & Wechsler, 2003; Fonseca et al., 2010; Goodman & Strauss, 2003; John H, 

Himes, Hannan, Wall, & Neumark-Sztainer, 2005). Although some studies suggest 

that SRBW and SRBH can reliably estimate measured BW (MBW) and BH (MBH) 

(Brener, et al., 2003; Himes, et al., 2005), others have questioned the usefulness of 

these self-reported values (Elgar, Roberts, Tudor-Smith, & Moore，2005; Elgar & 

Stewart, 2008; Fonseca, et al., 2010; Himes & Faricy, 2001; Larsen, Ouwens, 

Engels, Eisinga, & Van Strien, 2008; Lee, Valeria, Kochman, & Lenders, 2006; 
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Tokmakidis, Christodoulos, & Mantzouranis，2007; Wang, Patteison, & Hills, 2002). 

Studies using SRDBMI to classify overweight/obesity in children have also yielded 

inconsistent findings (Brener, et al.，2003; Tokmakidis, et al.，2007). As SRDBMI is 

simple，low cost and non-invasive assessment tool, this may be a useful clinical 

screening tool to identify and monitor the prevalence of overweight/obesity and the 

related risk factors in community settings or epidemiological research. 

Aims of the study 

To the best of our knowledge, no previous study has assessed the agreement of 

SRBW and SRBH with measured values in Hong Kong Chinese children aged 6-18 

years. We set out to do this and to evaluate whether SRDBMI could appropriately 

classify our children with overweight/obese status and CMRFs clustering. 

Objectives of the study 

1) Assess the agreement of BW and BH between self-reported and measured 

values; 

2) Examine the diagnostic ability of SRDBMI for classifying overweight and 

obesity status; 

3) Examine the diagnostic ability of SRDBMI in classifying children with 

CMRFs clustering 

METHODS, PROCEDURES AND STATISTICAL ANALYSES 

Methods, procedures and statistical analyses on the agreement of SRBW and 

SRBH with measured values have been described in Chapter 3 methods, procedures 

and statistical analyses. 

RESULTS 

Assessment of self-reported body weight and body height 

A total of 1614 children (671 boys and 943 girls) were included in the analysis 

(Fig 4.1) of SRBW and SRBH. There were 13.4% children aged 6-8 years, 21.8% 

aged 9-11 years, 27.1% aged 12-14 years, 23.2% aged 15-16 years and 14.6% aged 

17-18 years. Table 4.1 shows the background characteristics of these children. The 

ICC results demonstrated good consistency between measured and self-reported 

values for BW, BH and the derived BMI (Table 4.2). The Cohen's kappa (95% CI) 
6 8 



statistic revealed substantial agreement for weight status defined by MBMI and 

SRDBMI (Table 4.2). 

Fig 4.1 Flow chart showing the recruitment of participants who were included in 

and excluded from the study 
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Table 4.4 Difference between measured and self-reported weight and height by gender, 
weight status and school types 

Measured — self-reported 

mean (sd) 

Gender 
Male 
Female 
p-value 个 

Body weight (kg) 

0.55 (2.62) 
0.60 (2.21) 

0.657 

Body height (cm) 

0.45 (2.34) 
0.13 (2.11) 

0.005 

Weight status 
Normal 
Overweight / obese 
p-valuet 

0.36 (2.18) 
1.41 (2.92) 

<0.001 

0.25 (2.20) 
0.32 (2.29) 

0.636 

School types 
Primary 
Secondary 
p-value^ 

0.58 (2.34) 
0.58 (2.42) 

0.989 

1.21 (2.49) 
-0.32 (1.80) 

<0.001 

t Student's t-test 

The proportions of all children and obese children reporting their BW and BH 

absolute values within 1 unit (1kg, 1cm) or greater, are detailed in Table 4.3. About 

80% of all boys and 85% of all girls reported values of less than 3 units (3kg, 3cm). 

Differences between measured and self-reported BW and BH varied by weight 

status, gender and school types (primary or secondary school) (Table 4.4). 

Overweight/obese children significantly under-reported their BW as compared to the 

normal weight children. Boys underestimated their BH values significantly less than 

did girls. Secondary school children reported their BH values to be significantly 

higher than did primary school children. 

7 3 



The diagnostic ability of SRDBMI in classifying children with 

overweight/obesity status 

172 boys and 160 girls were categorized as overweight/obese by measured 

values and 167 boys and 148 girls by self-reported values (Table 4.5). The gender-

specific test values for the classification of overweight/obese based on the self-

reported data exhibited high sensitivity and specificity in classifying children as 

being overweight/obese. Based on calculation of SRDBMI from SRBW and SRBH 

values, a high proportion of children would be correctly classified as 

overweight/obese (PPV 0.87 for boys and 0.90 for girls) and a very high proportion 

would be classified as being of normal weight (NPV 0.95 for boys and 0.97 for 

girls) (Table 4.5). 

The diagnostic ability of SRDBMI in classifying children with CMRFs 

clustering 

The gender-specific AUC-ROCs of both MBMI and SRDBMI for classifying a 

clustering of CMRFs and overweight/obesity status in children are presented in 

Table 4.6 and Figure 4.2. The AUC-ROCs of self-reported values were 0.85 for 

boys and 0.87 for girls which were very close to measured values of 0.85 for boys 

and 0.89 for girls. The gender-specific values which were based on the SRDBMI 

values, exhibited substantial sensitivity (80% for boys and 83% for girls) and 

specificity (78% for boys and 79% for girls) for classifying children with CMRFs 

clustering. 
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'Measured BMI 
Self reported BMI 

0.0-
0.0 0.4 0.6 

I - Specificity 

0.8 
0.0-

0.0 0.4 0.6 

I - Specificity 

0.8 1.0 

DISCUSSION 

This study evaluated the agreement of BW and BH between self-reported and 

measured values and the ability of SRDBMI to correctly classify children with 

overweight and obese status and CMRFs clustering. The SRBW and SRBH 

demonstrated good consistency with the measured values. The agreements of weight 

status, BW and BH between measured and self-reported values ranged from 

substantial to almost perfect (Table 4.2). The results of sensitivity and specificity 

analyses showed that the majority of boys and girls could be appropriately classified 

as overweight/obese when using self-reported values to calculate SRDBMI (Table 

4.5). Using weight status defined by measured BMI as the reference value, less than 

one-fifth of children with overweight/obese status would be mis-classified as normal 

BMI. However, this group of students may have a high fat mass and this is 

particularly true for Asian populations. The children/adolescents who were mis-

classified, could be at higher risk of overweight/obesity and could probably benefit 
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Figure 4.2 Receiver operating characteristic curves for classifying a clustering of 

cardiometabolic risk factors by measured BMI and self-reported derived BMI 
in boys and girls 
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from healthy lifestyle recommendations i.e.mis-classification is unlikely to have 

negative health impacts. 

The self-reported values could satisfactorily classify overweight/obese status 

among children as reflected from high PPV and NPV results. Our findings are 

consistent with some previous studies that showed children's SRBW and SRBH 

could appropriately classify children's obesity status (Brener，et al.，2003; Himes, et 

al., 2005). We attempted to examine the diagnostic ability of SRDBMI to classify 

children with CMRFs clustering using AUC-ROCs compared to MWC. The results 

of the AUC-ROCs showed that SRDBMI could have value as a screening tool for 

classifying a clustering of CMRFs in our population. 

About 42% of our boys and 47% of our girls reported their BW values within 1kg of 

the measured values. A difference in BW of less than 1kg can be was considered as 

almost perfect agreement, since BW will vary slightly from day to day depending on 

clothing worn and timing of measurement, e.g. before or after ingestion of 

food/drink or/and elimination. About 28% and 31% of our boys and 30% and 32% 

of our girls reported their BH values within 1cm and l-2cm of the measured values 

respectively. It is likely that SRBH could differ from measured values for various 

reasons e.g. standing posture, whether shoes are worn. Therefore we considered 

discrepancies of BW and BH between self-reported and measured values of less than 

1kg and 2cm respectively to be within the expected measurement variability. 

The majority of children tended to report both their BW and BH lower than 

measured values. There may be several reasons for these findings. First, according 

to our personal discussions with school personnel, most schools in Hong Kong 

measure BW and BH of their students at least once during the academic year. 

Furthermore, every year the majority of Hong Kong students attend the Student 

Health Service of the Department of Health for health screening that includes BW 

and BH measurements. These measurements are recorded in both the students' 

handbook and the Student Health Service Record that are kept by students. Parents 

and/or students may have reported their BW and BH measurement values directly 

from these two sources. A time lapse between recording these measurements and 

abstracting these to the questionnaire could also explain the trend to underestimating 
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self-reported values. Although some families would have used household scales and 

measurement tapes to obtain measures at the time of completing the questionnaire, 

we did not collect information about the source of the self-reported measures. We 

subtracted 0.5kg from the measured BW to adjust for the weight of a school uniform 

but a similar adjustment is unlikely to have been made for SRBW. This could imply 

that the tendency to under-report BW was even greater than that identified. However 

the tendency to underreport both SRBW and SRBH values likely balanced out and 

resulted in a smaller discrepancy in the calculated SRDBMI values. 

A significant gender diffeience in reporting BH was noted. Girls reported their BH 

more accurately than did boys. Differences of BH between measured and self-

reported values were also significantly higher for secondary school children when 

compared to primary school children. This age effect could in part reflect the 

proportionate difference of a unit measure in weight (1kg) and height (1cm) between 

the heavier and taller secondary students as compared to the lighter and shorter 

primary students. Overweight/obese children underreported their weight 

significantly more than did normal weight status children. These findings are 

consistent with other studies showing that overweight children tend to underreport 

their BW (Brener, et al., 2003; Elgar, et al” 2005; Elgar & Stewart, 2008; Fonseca， 

et al., 2010; Larsen, et al., 2008) and older children tend to over-report their BH 

(Brener, et al., 2003), possibly reflecting the social desirability of being tall and 

slim. 

Limitations on the study of self-reported body weight and body height 

Several limitations of this study are worth noting. Children who participated in 

the study were from selected classes and they would have been aware that their BW 

and BH were going to be measured. This may have prompted them to report their 

anthropometric values more accurately than would have occurred otherwise. 

Although some authors have examined the agreement between measured and SRBW 

and SRBH values using the Bland-Altman method (Elgar, et al., 2005; Fonseca, et 

al., 2010; Wang, et al., 2002), we considered this approach less appropriate to assess 

self-reported values based on self-perception or self-measurement without 

standardization of the BW and BH measurement methods. However, it would be 

interesting to compare the differences between self-reported results with and without 
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specific instructions being given to children and parents for BW and BH 

measurements in further study. It is also worth noting that although BMI was used to 

identify overweight/obese children, this measure fails to distinguish fat, muscle and 

bone mass. Classifying overweight/obesity based on BMI can exaggerate the rate of 

overweight/obesity in muscular children or in those with a large body frame. Waist 

circumference may better assess abdominal obesity in children and identify those at 

cardiometabolic risk (Cheng, 2009; Sung, et al, 2008). 

In the absence of generally accepted criteria to define outliers, we adopted an 

arbitrary, although commonly used, cutoff for this. Although it can be argued that 

exclusion of outliers is not appropriate for a study aiming to assess the agreement 

between self-assessed and measured values, other similar studies (Brener, et al., 

2003; Larsen, et al., 2008) have also excluded outliers from the analysis. An a priori 

algorithm to remove outliers prior to analysis could be a solution, i.e. based on the 

age and sex of the child, obvious errors in measurement might be identifiable if 

inches instead of centimeters or pounds instead of kilograms might have been 

reported. Measures that would be biologically implausible could be included in such 

an algorithm. Further study would be required to see the feasibility of such a priori 

exclusions. There were relatively few outliers (2.5%) and re-running the analysis 

with the inclusion of these outliers produced similar results (data not shown), 

suggesting that exclusion of outliers did not impact on our overall conclusions. 

We did not ask whether it was the parents or the child who had completed the 

questionnaire or how the measurements were obtained. This information could 

provide insight for further analysis. Finally, since most Hong Kong students have 

yearly BH and BW measurements at the Student Health Service, our results may not 

be replicable in other settings where such measures are not regularly undertaken. 

CONCLUSION 

Given that obesity in children is significantly associated with a clustering of 

CMRFs, monitoring rates of obesity is of great importance. Limitations of resources 

and the magnitude of the problem emphasize the desirability to have a low-cost 

screening tool for estimating weight status of children and to identify 
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overweight/obesity. Our study showed that BW and BH demonstrate good 

consistency between measured and self-reported values and the SRDBMI provides 

estimates of overweight and obesity status and CMRFs clustering from a population 

perspective in Hong Kong Chinese children. 
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CHAPTER 5 

ASSESSMENT OF SELF-REPORTED WAIST CIRCUMFERENCE 

Preface 

This chapter presents the agreement of WC between children/adolescents self-

reported and assessors' measured values and the diagnostic ability of SRWC to 

classify children with a clustering of CMRFs and overweight and obesity status in 

Hong Kong Chinese children aged 6-18 years, WC measurement is a potentially 

simple and cheap method and a surrogate assessment tool for assessing central 

fatness. As it is highly associated with increased risk for cardiometabolic disorders, 

an understanding of the performance of SRWC against measured values and its 

diagnostic ability for classifying children with CMRFs clustering and overweight 

and obesity status could provide valuable information for monitoring overweight 

and obesity in children in community settings and for epidemiological research. 

INTRODUCTION 

Waist circumference (WC) is a highly sensitive, specific and reproducible surrogate 

measure of upper and abdominal fat in children and adolescents at different ages 

(Daniels, Khoury, & Morrison，2000; Moreno et al., 2002; Taylor et al.，2000) and 

hence WC offers a more sensitive measure of overweight/obesity than BMI 

(McCarthy and Ashwell, 2006). Longitudinal data from the European Prospective 

Investigation into Cancer and Nutrition study showed that WC is a better indicator 

of mortality particularly among persons with low BMI (Pischon et al., 2008). A 

study has also found that WC is a better predictor for the presence of CMRFs than 

BMI in children (Savva et al., 2000). It is often used as a surrogate marker of 

abdominal fat mass for identifying children with central obesity. WC only requires a 

tape measure to obtain the measurement results while BMI needs a well-maintained 

weight scale, stadiometer, correct body height measurement technique as well as an 

accurate BMI calculation. Conversely there is no agreement on exactly where and 

how to measure WC (Table 1.3). 
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Although self-reported body weight (SRBW) and body height (SRBH) to derive 

BMI (SRDBMI) has been recommended for monitoring prevalence of obesity, 

particularly for large-scale studies or screening for overweight/obesity in community 

settings because of simplicity and low cost (Brener, et al.，2003; Fonseca, et al.， 

2010; Goodman & Strauss, 2003; Himes, Hannan, Wall, & Neumark-Sztainer, 

2005), self-reported waist circumference (SRWC) measurement is potentially more 

straightforward than SRDBMI. SRWC may be one of the useful screening tools to 

identify and monitor the prevalence of overweight/obesity and the related risk 

factors in population/epidemiological research and community settings when cost， 

time and privacy preclude the use of other anthropometric measurements. To the 

best of our knowledge, no study has assessed SRWC against assessor measured WC 

(MWC) and evaluated its diagnostic ability to classify a clustering of CMRFs and 

overweight/obesity status in children. 

Aims of the study 

The aims of this study were: first, to assess the agreement of WC between self-

reported and measured values and secondly, to assess the diagnostic ability of 

SRWC to classify a clustering of CMRFs and overweight/obese status in Hong 

Kong Chinese children aged 6-18 years. 

Objectives of the study 

1) Assess the agreement of WC between self-reported and measured values; 

2) Examine the diagnostic ability of SRWC in classifying children with 

overweight and obesity status; 

3) Examine the diagnostic ability of SRWC in classifying children with a 

clustering of CMRFs. 

METHODS, PROCEDURES AND STATISTICAL ANALYSES 

Methods, procedures and statistical analyses on the performance of SRWC have 

been described in Chapter 3 methods, procedures and statistical analyses. 
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RESULTS 

After excluding participants aged over 18 years, outliers, students having 

medical/psychiatric illnesses, medical treatment/ long term medications and those 

who did not report their WC, a total of 1226 children including 515 boys and 711 

girls were eligible to enter data analysis for the variables studied (Figure 5.1). The 

characteristics of the included and excluded children are shown in Table 5.1. Table 

5,2 presents background characteristics, anthropometric measures and CMRFs 

profile of the children included in this study. The prevalence of overweight and 

obesity [BMI > percentile (Ogden, et al., 2002)] was 25.6% for boys and 17.2% 

for girls. Of all the children, 3.8% (n=19) boys and 2.7% (n=19) girls were classified 

as having a clustering of CMRFs (>3 risk factors). 

Table 5.1 Characteristics of the participants that were included and excluded for the self-reported waist 

circumference study 

All participants Participants were Participants without 
who were aged 6 Participants were considered as self-reported WC 
—18 years included in the outliers and and were excluded 
included in the analyses (n=1226) excluded from the from the analyses 
study (n=2088) analyses (n=21) (n=841) 

Sex# 

Male 881 (42.2%) 515 (42.0%) 4 (19.0%) 362 (43.0%) 

Female 1207 (57.8%) 711 (58.0%) 17 (81.0%) 479 (57.0%) 

Age (yrs) 13.3 (3.3) 13.4 (3.2) 11.9(3.0) 13.1 (3.4) 

Waist 
circumference(cm) 65.0 (9.0) 65.2 (8.9) 64.4 (10.6) 64.6 (9.1) 

frequency (percentage), mean (sd) 
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Table 5.2 Background and cardiometabolic risk factors characteristics of the children included in 
the self- reported waist circumference study (n=1226) 

Weight status # 

Normal 

Overweight 

Obese 

Systolic blood pressure 
(mmHg) 

Diastolic blood pressure 
(mmHg) 

HDL cholesterol (mmol/L) 

Fasting plasma glucose 
(mmol/L) 

Triglyceride (mmol/L)个 

Clustering of CMRFs * 

No 

Yes 

All (n=1226) Boys (n=515) Girls (n=711) 

Sex* 

Male 515 (42.0%) - -

Female 711 (58.0%) - -

Age (yrs) 13.4 (3.2) 13.2 (3.2) 13.7 (3.2) 

Waist circumference(cm) 65.2 (8.9) 66.9 (9.9) 64.0 (7.9) 

BMI (kgW) 19.0 (3.3) 19.3 (3.5) 18.8 (3.1) 

BMI z-scores 0.16 (1.03) 0.26 (1.03) 0.08 (1.02) 

972 (79.3%) 

162 (13.2%) 

92 (7.5%) 

110.5 (11.5) 

67.0 (8.4) 

1.6 (0.3) 

4.7 (0.4) 

383 (74.4%) 

82 (15.9%) 

50 (9.7%) 

66.6 (8.5) 

1.6 (0.3) 

4.8 (0.4) 

589 (82.8%) 

80 (11.3%) 

42 (5.9%) 
114.4 (12.3) 107.7 (10.0) 

67.3 (8.3) 

1.6 (0.4) 

4.7 (0.3) 

0.7 (0.6 -1.0) 0.7 (0.5 - 0.9) 0.8(0.6 — 1.0) 

1171 (96.9%) 487 (96.2%) 684 (97.3%) 

38 (3.1%) 19 (3.8%) 19 (2.7%) 

Data marked with# are presented as frequency (percentage),卞 median 
(interquartile range), all others are presented as mean (standard deviation). 
Overweight: BMI > 85"̂  percentile 

Obesity: BMI > 95'" percentile 
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Fig 5.1 Flow chart showing the recruitment of participants for the self-reported waist 
circumference study 
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Table 5.3 shows the frequency of over-reporting and under-reporting WC between 

measured and self-reported values. Of all children, more than one third (33.2%) of 

boys and two-fifths (40.9%) of girls reported their WC absolute value less than 2 

centimeters (cm) and more than half of boys (55.7%) and almost two-fifths (37.8%) 

of girls tended to over-report their WC when compared to MWC. Table 5.4 shows 

mean differences and intra-dass correlation coefficients between MWC and SRWC 

of all children according to sex, age，weight status and school types. The mean of 

SRWC were higher than the mean of MWC for all children and for all subgroups 

analysis indicating that most children tended to over-report their WC. Student's t-

test and one-way ANOVA showed that the mean differences of SRWC values were 

significantly higher than MWC values by gender, age groups, weight status and 

school types. Boys and primary school children reported significantly higher values 

for their WC than did girls' and secondary school children respectively. Post Hoc 

multiple comparisons with Bonferroni adjustment showed that the age group 9-10 

years reported their WC values significantly higher than that of the age groups 15-16 

years (p=0.042) and 17-18 years (p=0.011), normal weight children reported their 

WC value significantly higher than did the overweight group (p=0.006) and obese 

group (p<0.001). The agreement of SRWC with measured values yielded ICC 

values from substantial to almost perfect (from 0.77 to 0.87). 
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Table 5.3 Frequency of over-reported and under-reported waist circumference 
between the self-reported and measured waist circumference values 

Waist circumference (cm) ±0 - 1.99cin Under-reported Over-reported 

All (n=1226) 462 (37.7%) 208 (17.0%) 556 (45.4%) 

Sex 

Boys (n=515) 171 (33.2%) 57(11.1%) 287 (55.7%) 

Girls (n=711) 291 (40.9%) 151 (21.2%) 269 (37.8%) 

Age (yrs) 

6 — 8 (n=160) 59 (36.9%) 20 (12.5%) 81 (50.6%) 

9 - 1 0 (n=134) 38 (28.4%) 17 (12.7%) 79 (59.0%) 

11-12 (n=225) 85 (37.8%) 35 (15.6%) 105 (46.7%) 

13-14 (n=232) 87 (37.5%) 43 (18.5%) 102 (44.0%) 

15 —16(n=293) 117 (39.9%) 56 (19.1%) 120 (41.0%) 

17 —18 (n=182) 76 (41.8%) 37 (20.3%) 69 (37.9%) 

Weight status 

Normal (n=972) 376 (38.7%) 143 (14.7%) 453 (46.6%) 

Overweight (n=162) 60 (37.0%) 37 (22.8%) 65 (40.1%) 

Obese (n=92) 26 (28.3%) 28 (30.4%) 38 (41.3%) 

School types 

Primary (n=453) 158 (34.9%) 67 (14.8%) 228 (50.3%) 

Secondary (n=773) 304 (39.3%) 141 (18.2%) 328 (42.4%) 

Under-reported : self-reported — measured < -2cm; 
Over-reported : self-reported 一 measured > 2cm; 
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Table 5.4 Mean differences and intra-class correlation coefficients of waist circumference 

between measured and self-reported values by gender, age, weight status and school type 

Waist circumference Measured* Self-reported* 
Mean differences of 

Self-reported & 
Measured 

p-value of the 
mean differences ICC (95% CI) ^ 

All (n=1226) 65.2 (8.9) 67.0 (8.9) 1.7 (4.5) 0.86 (0.80--0.89) 

Sex 

Boys (n=515) 66.9 (9.9) 69.6 (9.7) 2.6 (4.4) <0.001 t 0.87 (0.72--0.93) 

Girls (n=711) 64.0 (7.9) 65.1 (7.7) 1.1 (4.5) 0.83 (0.79 --0.86) 

Age (yrs) 

6 - 8 (n=160) 56.5 (8.8) 58.7 (8.8) 2.2 (4.1) 0 . 0 1 0 " 0.86 (0.74 --0.92) 

9-10(11=134) 61.6 (8.8) 64.5 (8.6) 2.9 (4.8) 0.81(0.60--0.89) 

1 1 - 1 2 (n=225) 65.1 (9.1) 66.9(9.1) 1.7 (4.5) 0.86 (0.80 --0.91) 

1 3 - 1 4 (n=232) 67.3 (7.1) 68.9 (7.6) 1.5 (4.8) 0.77 (0.69 --0.83) 

15 —16 (n=293) 68.1 (7.3) 69.6 (7.9) 1.5 (4.3) 0.82 (0.76 --0.87) 

17 — 18(n=182) 68.3 (6.9) 69.5 (7.0) 1.1(4.3) 0.80 (0.74 --0.85) 

Weight status 

Normal (n=972) 62.6 (6.8) 64.6 (7.3) 2.0 (4.3) <0.001 ‘ ’ b 0.78 (0.66 --0.85) 

Overweight 

(n=162) 
72.6 (7.3) 73.5 (7.9) 0.9 (4.7) 0.81 (0.74 --0.86) 

Obese (n=92) 80.3 (8.4) 80.3 (8.7) 0.0 (5.2) 0.82 (0.74 --0.88) 

School type 

Primary (n=453) 61.0 (9.8) 63.2 (9.6) 2.2 (4.6) 0.011 t 0.87 (0.78 --0.91) 

Secondary (n=773) 67.7 (7.3) 69.2 (7.6) 1.5 (4.4) 0.81 (0.75 --0.85) 

ICC: intraclass correlation coefficient, *mean(sd) 

卞 Student's t-test ； ^ One-way ANOVA. 

"Post Hoc multiple comparisons with Bonferroni adjustment showed that the age group 9 - 1 0 was 
significantly greater in measured - self-reported WC than the age groups of 15 - 16 (p=0.042) and 17 - 18 
(p=0.011). 

b Post Hoc multiple comparisons with Bonferroni adjustment showed that the normal weight group was 
significantly greater in measured - self-reported WC than the overweight group (p=0.006) and obese group 
(p<0.001). 
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Of all children, 38(3.1%) children were classified as having a clustering of CMRFs 

including 19(3.8%) boys and 19 (2.7%) girls (Table 5.2). The gender-specific AUC-

ROCs of both MWC and SRWC for identifying a clustering of CMRFs and 

overweight/obesity in children are presented in Table 5.5，Figure 5.2 and Figure 5.3. 

The AUC-ROCs of self-reporting values ranged from 0.76 - 0.84, Using the method 

suggested by DeLong (DeLong, DeLong, & Clarke-Pearson, 1988) to compare the 

AUC-ROCs between MWC and SRWC revealed that the AUC-ROCs of MWC 

were significantly higher than SRWC, except for girls in identifying a clustering of 

CMRFs. The gender-specific values which were based on the SRWC values, 

exhibited moderately high to high sensitivity (68% to 84%) and specificity (70% to 

82%) in classifying children with a clustering of CMRFs and overweight/obesity. 
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Table 5.5 Comparison on diagnostic ability between measured and self-reported waist 
circumference for classifying a clustering of cardiometabolic risk factors (CMRFs)* 
and overweight/obesity status 

Clustering of 
CMRFs 

Boys 

Measured WC 

Self-report WC 

AUC-ROC (95% CI) ^ p-value Sensitivity Specificity 

0.84 (0.76 - 0.92) 

0.76 (0.68-0.84) 

0.004 0.79 (0.54-0.94) 

0.68 (0.43 - 0.87) 

0.82 (0.79-0.86) 

0.70 (0.66-0.74) 

Girls 

Measured WC 

Self-report WC 

0.88 (0.83 - 0.94) 

0.83 (0.76 - 0.90) 

0.206 0.84 (0.60 - 0.97) 

0.84 (0.60 - 0.97) 

0.77(0.74-0.81) 

0 . 7 2 ( 0 . 6 8 一 0 . 7 5 ) 

Overweight / obese 

Boys 

Measured WC 

Self-report WC 

0.89 (0.86 - 0.92) <0.001 0.80 (0.72 - 0.86) 0.82 (0.77-0.85) 

0.84 (0.80-0.88) 0.74(0.66-0.81) 0.78(0.74-0.82) 

Girls 

Measured WC 

Self-report WC 

0.88 (0.85 - 0.92) 

0.84 (0.79 - 0.88) 

0.002 0.76(0.68-0.83) 

0.77 (0.69 - 0.84) 

0.87 (0.84 一 0.89) 

0.82 (0.79 - 0.85) 

Clustering of cardiometabolic risk factors (CMRFs) was definied as 3 or more of the 
followings: 
(1) Waist circumference > 90"" percentile (age and sex specific); 
(2) Triglyceride > percentile (age and sex specific); 
(3) HDL-C < percentile (age and sex specific); 
(4) fasting blood glucose >5.6 mmol/L 
(5) either Systolic BP or diastolic BP > 90''' percentile (age, sex and height specific); 
�“Area under the receiver operating characteristic curve; 
t p-value testing the statistical significance of the difference between the AUCs of measured 
and self-reported WC 
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Figure 5.3 Receiver operating characteristic curves for classifying overweight/obesity by 
measured and self-reported waist circumference in boys & girls 
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DISCUSSION 

The agreement of waist circumference between self-reported and measured 

values 

The aims of this study were two-fold: 1) to assess agreement of WC between 

self-reported and measured values and 2) to evaluate the diagnostic ability of SRWC in 

classifying a clustering of CMRFs and overweight/obese status in children. 

Children/parents were not provided with any protocols or training for measuring 

SRWC. The results showed that the agreement of WC between measured and self-

reported values ranged from substantial to almost perfect ICC for all children. We 

also found that within subjects mean differences between MWC and SRWC values 

were small ranging from 0.0 to 2.9 cm (Table 5.4) and more than one third of boys 

and two-fifths of girls could report their WC values with less than 2 cm differences 

when compared to measured values. We considered the discrepancy of WC less than 

2cm between measured and self-reported values to be within the expected 

measurement variability. Finding substantial to almost perfect correlation in our 

results, suggests that SRWC could be used as a screening tool by laypersons without 

instructions and specific training in WC measurement techniques particularly in 

population and epidemiological research settings. 

We found that the majority of children tended to over-report their WC. Over-

reporting WC was observed in almost all groups classified by gender, age, weight 

status and school type (Table 5.3). Reasons for over-reporting WC are unclear but 

could relate to the likelihood that children will spontaneously measure their WC at 

either umbilical level or superior iliac crest, rather than between the lowest rib and 
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the superior border of the iliac crest at the mid-axillary line, over clothing rather 

than on bare skin without clothing, and during inhalation rather than during 

exhalation. Other possible factors could relate to self-measurement being undertaken 

after a meal rather after an eight hour fast or the measuring tape has not been kept 

snug over the skin. When we compared the mean differences of MWC and SRWC 

values within different gender, weight status and school type groups, we found that 

boys, children with normal weight status and primary school/younger age children 

had significantly higher mean differences than girls, overweight/obese children and 

secondary school/older age children respectively (Table 5.4). Girls, 

overweight/obese children and secondary school/older age children may tend to 

report their narrowest WC, as they may be more aware of their body images such as 

waist circumference than boys and children with normal weight status. The primary 

school /younger age children may report their WC with their parents' assistance. 

Without the provision of a WC measurement protocol in this study, some parents 

may have measured or estimated their children's WC based on the child's WC when 

buying trousers or other clothing. However, most trousers designed for younger 

children have an elasticated or partly elasticated waist. Often parents do not need to 

measure their children WC very accurately and they may tend to overestimate the 

WC to ensure the trousers would fit as the child continues to grow. To improve the 

accuracy of WC measurements, a standardized protocol including WC measurement 

location, posture, phase of respiration, and time since last meal is needed. An expert 

panel convened by the International Chair on Cardiometabolic Risk recommended 

using bony landmarks, for example, the midpoint between the lower border of the 

rib cage and the iliac crest (World Health Organization，2008) or the superior border 

of the iliac crest (National Institutes of Health, 2000) for WC measurement. They 
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argued that WC measurements based on bony landmarks could also be easier for 

both health professionals and lay persons, improve the reliability and minimize 

measurement error (Agarwal et al.，2009; Ross, et al., 2008). 

The diagnostic ability of SRWC for classifying children with a clustering of 

CMRFs and overweight/obese status 

We attempted to examine the diagnostic ability of SRWC in classifying a 

clustering of CMRFs and overweight/obese status using AUC-ROCs compared to 

MWC. The results showed that the AUC-ROCs of SRWC were statistically 

significantly smaller than MWC. However, this significant difference may reflect 

our large sample size rather than implying that SRWC lacks utility as a diagnostic 

tool. Despite the absence of a standardized protocol for children/parents to report 

children's WC, the AUC-ROCs values for SRWC were still acceptable to excellent 

(0.76 to 0.84) according to Hosmer and Lemeshow (Hosmer & Lemeshow, 2000). 

These results suggest that SRWC could have value as a screening tool for 

classifying clustering of CMRFs and overweight /obesity status in our population. A 

recent review (Ross, et al., 2008) has argued that different WC measurement 

protocols would not alter the association between WC and morbidity or mortality 

substantially because of the high collinearity between different WC measurement 

sites. 

Limitations 

A relatively high proportion of children who participated in this study did not 

report their WC. Reasons for not reporting their WC are not known but the 

demographics of this group did not differ significantly from the children included in 
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the analysis (Table 5.1). One possible reason is that WC is not as common as body 

weight to be recorded. The Hong Kong Student Health Service (SHS) Centres yet 

have not used WC as a measurement tool to identify children with obesity status and 

WC has not been very popular among laypersons for assessing overweight/obesity 

status. This may reflect that in the past there have been few WC reference charts 

available for families to identify central obesity in their children. Age and gender 

specific WC reference values and the cut-offs are now available for predicting 

cardiovascular risk in a number of localities (Eisenmann，2005; Fernandez, Redden, 

Pietrobelli, & Allison，2004; Li, Ford, Mokdad, & Cook，2006; Li, Graubard, & 

Korn, 2010; Liu et al.，2010; Messiah, Arheart, Lipshultz, & Miller，2008) including 

Hong Kong (Ng, et al., 2007; Sung, et al., 2007) Medical and health professionals 

could do more to promote awareness of these WC cut-off reference values to the 

general public. A specially designed age- and gender-specific measuring tape with 

WC cut-off reference values for predicting CMRFs has been developed for Hong 

Kong children (Sung, R.T.Y. 2008, Press Conference data). Such a tape measure， 

with CMRFs cutoff marks, could be easier for children and their parents to use and 

interpret. 

In the absence of any widely accepted definition for outliers，we adopted a 

commonly used cutoff for excluding outliers in this study. However, it can be 

argued that exclusion of outliers is not appropriate for a study aiming to demonstrate 

the agreement of SRWC with MWC and the diagnostic ability of SRWC to classify 

children having a clustering of CMRFs and overweight/obese status. An age- and 

sex-specific a-priori algorithm could be developed to remove outliers prior to 

analysis e.g. errors such as reporting inches instead of centimeters might be readily 
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identifiable and biologically implausible waist to height ratios. We had relatively 

few outliers (1.7%) in this study (Figure 5.1). We believe that exclusion of these 

outliers did not significantly affect our results. As noted earlier, we did not 

document in the questionnaire as to how the SRWC values were obtained. Such 

information may provide insight for future studies. 

CONCLUSION 

SRWC provides an alternative to MWC and could be an effective screening 

tool for classifying children who have a clustering of CMRFs and 

overweight/obesity status, at least from a population perspective. Given the 

increasing prevalence of obesity among children and adolescents and the associated 

increase in healthcare costs, SRWC could be used in community settings and 

epidemiological studies for screening children when cost, privacy and other 

concerns preclude the use of other more accurate obesity assessment tools. The 

Hong Kong SHS Centres could consider adding WC to its routine annual 

measurements of children. 
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CHAPTER 6 

THE EFFECT OF PUBERTAL STAGE ON THE PREDICTION OF 

CARDIOMETABOLIC RISK FACTORS 

Preface 

This Chapter presents the association between the pubertal stage and CMRFs 

and the effect of pubertal stage on the prediction of cardiometabolic risks. We have 

found pubertal stage was significantly associated with some of the CMRFs in boys 

and girls including large WC, high triglyceride levels, high blood pressure (BP)， 

overweight and obesity in boys and large WC and high BP in girls. Pubertal stage 

was also found to have a moderating effect on the prediction of CMRFs by BMI and 

WC. By hierarchical regression analyses, there were significant interactions between 

pubertal stage and BMI as well as pubertal stage and WC for predicting 

cardiometabolic risk by BMI and WC respectively. These results were the first to 

reveal the moderating effect of puberty on the prediction of cardiometabolic risk by 

BMI or WC in both boys and girls. 

INTRODUCTION 

Puberty is a stage of complex physiological and hormonal changes that 

influence the growth and development of children. Body composition during 

puberty is a marker of metabolic changes that occurs during this period of growth 

(Siervogel et al., 2003) and may be an important determinant of future health and 

cardiovascular risk factors in adulthood (Guo et al., 2000; Guo, Wu, Chumlea, & 

Roche, 2002; Siervogel et al., 2000; Wisemandle, Maynard, Guo, & Siervogel, 

2000). Various metabolic changes occur in parameters such as insulin sensitivity 
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(Ball et al., 2006; Katon, Flores, & Salmeron, 2009; Moran, et al.，1999), blood 

pressure (Daniels et al.，1996; Leccia et al., 1999), BMI (Katon, et al.，2009) and 

lipid levels (Tell, Mittelmark, & Vdlar, 1985). 

During puberty, both sexes experience rapid increases in total body fat, although the 

proportion of body fat increases more slowly in boys as a result of a simultaneous 

rapid increase in fat free mass (Siervogel，et al., 2000). Among obese children ages 8 

to 13 years, 33% of boys and 40% of girls continued to be obese as adults, whereas 

for obese adolescences aged 13 to 18，50% of male and 66% of females remained 

obese as adults (Guo，et al., 2002). Thus, monitoring body composition during 

puberty is important because many aspects of body composition during this period 

are predictive of subsequent measures of these traits in adulthood (Guo, et al., 2000; 

Guo, et al., 2002). 

The complex changes that underlie puberty may affect certain parameters including 

BMI, BP, insulin sensitivity and lipid levels. Using a dichotomous classification, 

pubertal girls and boys have been found to have unfavorable BMI, WC, %BF, 

triglyceride and HDL levels compared to prepubertal counterparts (Katon, et al., 

2009). Several studies have shown that puberty is positively associated with BP 

(Chen & Wang，2008; Chen & Wang，2009; Li, Huang, Cruz, & Goran, 2006). 

Pubertal girls have higher BP than prepubertal girls and this is mediated in large part 

through the effect of increased body size during puberty. No relationship between 

BP and puberty has been observed in boys (Daniels，et al., 1996; Leccia, et al , 

1999). 
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Aims of the study 

Puberty has a complex, entwined relationship with the various CMRFs. Thus, it 

is important to examine different pubertal stages when studying differences in 

CMRFs parameters among Hong Kong children, particularly those at high risk of 

developing cardiometabolic complications. Pubertal development and CMRFs may 

exhibit significant inter-racial variations and results from one ethnic group may not 

be inferred to another. To the best of our knowledge, no previous attempt has been 

made to investigate the associations between pubertal stages and CMRFs among 

Hong Kong Chinese children. Therefore, the aims of this study were to examine the 

associations between pubertal stages and CMRFs in Hong Kong Chinese children 

and to explore the effect of pubertal stage on the prediction of cardiometabolic risk 

by body mass index and by waist circumference. 

Objectives of the study were to: 

1) Investigate the associations between pubertal stages and CMRFs. 

2) Investigate the effect of pubertal stage on the prediction of cardiometabolic risk 

by BMI. 

3) Investigate the effect of pubertal stage on the prediction of cardiometabolic risk 

by WC. 

METHODS, PROCEDURES AND STATISTICAL ANALYSES 

Methods, procedures and statistical analyses on this chapter have been reported 

in Chapter 3 methods, procedures and statistical analysis. 
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RESULTS 

Demographic and clinical characteristics of the participants 

Of 2088 children aged 6 to 18 years, 1985 (95.1%) children completed the 

Tanner pubertal self-reported questionnaire (Fig 6.1). The clinical characteristics of 

those children that completed the Tanner pubertal self-reported questionnaire and 

those that did not were similar (Table 6.1). The demographic and clinical 

characteristics, including Tanner pubertal stages, of boys and girls are illustrated in 

Table 6.2. 
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Fig 6.1 Flow chart showing the recruitment of participants who completed Tanner 
pubertal self-reported questionnaire 
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Table 6.1 Demographic and clinical characteristics of those children who completed 
and those who did not complete the pubertal assessment questionnaire 

Characteristics 
Not completed 

(11=103) 

Sex ”’ 

Male 

Female 

Age (years) 

Weight (kg) 

Height (cm) 

Body Mass Index (kg/m^) 

Waist circumference (cm) 

Systolic blood pressure (mmHg) 

Diastolic blood pressure (mmHg) 

HDL-C (mmol/L) 

LDL-C (mmol/L) 

Triglyceride (mmol/L) ̂  

Fasting plasma glucose (mmol/L) 

Obesity status 

Normal 

Overweight 

Obese 

56 (54.4%) 

47 (45.6%) 

12.5 (3.5) 

40.0 (16.7) 

144.9 (19.4) 

18.4 (3.5) 

63.9 (9.8) 

108.4 (11.2) 

63.3 (8.3) 

1.7 (0.4) 

2.2 (0.7) 

0 .8 (0 .6 -1 .0 ) 

4.7 (0.3) 

82 (79.6%) 

15 (14.6%) 

6 (5.8%) 

Completed 
(n:1985) 

828 (41.7%) 

1157 (58.3%) 

13.3 (3.3) 

44.8 (13.2) 

152.3 (14.9) 

18.9 (3.3) 

65.0 (8.9) 

109.8 (11.4) 

66.8 (8.3) 

1.6 (0.3) 

2.2 (0.6) 

0.7 (0 .6 -1 .0 ) 

4.7 (0.4) 

1591 (80.2%) 

257 (12.9%) 

137 (6.9%) 

Data marked with ‘ were presented as medians (interquartile ranges) and with ''' 
frequencies (%), all others were presented as means (standard deviations). 
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Table 6.2 Demographic and clinical characteristics by gender of 1985 Hong Kong 
Chinese school children aged 6-18 years who completed the pubertal 
assessment questionnaire 

Characteristics Male (n=828) Female (n=1157) 

Age (years) 12.9 (3.2) 13.6 (3.3) 

Weight (kg) 46.6 (14.9) 43.5 (11.7) 

Height (cm) 154.3 (17.1) 150.9 (13.0) 

Body Mass Index (kg/m^) 19.1 (3.5) 18.7 (3.1) 

Waist circumference (cm) 66.5 (9.9) 63.9 (7.9) 

Systolic blood pressure (mmHg) 113.6 (12.1) 107.1 (9.9) 

Diastolic blood pressure (irnnHg) 66.7 (8.7) 66.8 (8.0) 

HDL-C (mmol/L) 1.6 (0.3) 1.6 (0.3) 

LDL-C (mmol/L) 2.1 (0.6) 2.2 (0.6) 

Triglyceride (mmol/L) t 0.7(0.6 — 1.0) 0.7 (0 .6 -1 .0 ) 

Fasting plasma glucose (mmol/L) 4.8 (0.4) 4.7 (0.3) 

Obesity status�” 

Normal 623 (75.2%) 968 (83.7%) 

Overweight 129 (15.6%) 128 (11.1%) 

Obese 76 (9.2%) 61 (5.3%) 

Puberty (Tanner stage) 

1 205 (24.8%) 178 (15.4%) 

2 177 (21.4%) 151 (13.1%) 

3 129 (15.6%) 219 (18.9%) 

4 284 (34.3%) 464 (40.1%) 

5 33 (4.0%) 145 (12.5%) 

Data marked with ‘ were presented as medians (interquartile ranges) and with 
frequencies (%), all others were presented as means (standard deviations). 
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Association between pubertal stage and CMRFs 

For boys, puberty was significantly associated with several CMRFs, including 

large WC (p=0.007), high triglyceride levels (p=0.011), high BP (p二0.001). Puberty 

was also significantly associated with overweight (pcO.OOl) and obesity (p<0.001) 

(Table 6.3). The highest rate of children with these CMRFs was found in the 

prepubertal group. For girls, pubertal stage was significantly associated with large 

WC (p=0.005) and high BP (p=0.033) (Table 6.3). The highest rate of children with 

large WC was in the postpubertal group and the highest rate with high BP was in the 

prepubertal group. 

Cardiometabolic risk score a and cardiometabolic risk p 

Since only a small number of children (n=54) were identified with CMRFs 

clustering, we were having inadequate power to explore the moderator effect of 

pubertal stage on the prediction of clustering of CMRFs by WC or BMI. We 

adopted a summary risk score to quantify the cardiometabolic risk for examining the 

moderator effect. Two cardiometabolic risk scores, a and (3，were predicted in the 

analyses. Cardiometabolic risk score a is reported in Table 6.4 and 6.5 and were 

composed of all components of the cardiometabolic risk score including z score sex 

specific, age adjusted WC, systolic BP and diastolic BP, fasting plasma glucose, 

triglyceride, LDL cholesterol and minus z score of HDL cholesterol. 

Cardiometabolic risk score p is reported in Table 6.4a and 6.5a and represents the 

sum of all components except WC. 
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The moderator effect of pubertal stage on the prediction of cardiometabolic 

risk by waist circumference 

For the prediction of cardiometabolic risk score a by WC in the hierarchical 

regression analyses (Table 6.4), the variables were WC, pubertal stage and the 

interaction of WC and pubertal stage. In Model 1, WC explained a significant 

proportion of the variance in cardiometabolic risk score a in both boys (36.1%) and 

girls (25%). When puberty was entered in Model 2, it accounted for a significant 

increase in variance in both genders, explaining 40% of the variance in boys and 

30.5% in girls. When the interaction of WC and puberty was entered in Model 3, a 

significant increase of the variance was accounted for in both genders, explaining 

40.6% of the variance in boys and 30.9% in girls. 

Cardiometabolic risk score p included all components of risk score a except WC 

was used to present the hierarchical sequence (Table 6.4a). In Model 1, WC could 

explain a significant proportion of the variance in cardiometabolic risk score p in 

both boys (14.7%) and girls (6.3%). In Model 2, puberty further increased the 

variance significantly in both genders, explaining 16.1% of the variance in boys and 

7.8% in girls. When the interaction of WC and puberty was included in Model 3， 

there was a significant increase in variance in boys, explaining 17.1% of the 

variance. For girls, the increase in variance was not significant，it was nevertheless 

marginally close to statistical significance (p=0.07), explaining 8.3% of the variance. 
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The moderator effect of pubertal stage on the prediction of cardiometabolic risk 

byBMI 

For the prediction of cardiometabolic risk score a in the hierarchical regression 

analyses (Table 6.5)，the variables were B M I , pubertal stage and interaction of B M I and 

pubertal stage. In Model 1，BMI explained a significant proportion of the variance in 

cardiometabolic risk score a in both boys (35%) and girls (22.3%). Pubertal stage was 

entered in Model 2 and accounted for a significant increase in variance in both genders, 

explaining 37.4% of the variance in boys and 26.1% in girls. When the interaction of 

B M I and puberty was entered in Model 3, there was a significant increase of the 

variance in both genders, explaining 37.9% of the variance in boys and 26.8% in girls. 

Cardiometabolic risk score (3 included al l components of risk score a except W C was 

used to present the hierarchical sequence (Table 6.5a). In Model 1，BMI could explain a 

significant proportion of the variance in cardiometabolic risk score P in both boys 

(14.7%) and girls (6.6%). In Model 2, puberty further increased the variance 

signif icantly in both genders, explaining 15.5% of the variance in boys and 7.9% in 

girls. When the interaction of B M I and puberty was included in Model 3, the increase in 

variance remained significant in boys, explaining 16.3% of the variance. For girls, the 

increase i n variance was only marginally not significant, explaining 8.4% of the 

variance. 

DISCUSSION 

Our study examined the association between puberty and CMRFs and the effect of 

puberty f rom a cross sectional cohort of 1985 children. Among boys, puberty was 

signif icantly associated wi th some of the CMRFs, including large W C , high triglyceride 

levels, high BP, overweight and obesity, wi th the highest rate of these CMRFs among 

the prepubertal group. Among girls, puberty was significantly associated wi th large W C 

and high BP, wi th the highest rate of these risk factors in late/post pubertal and 

prepubertal group respectively. Pubertal stage was also found to have a moderating 
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effect on the prediction of cardiometabolic risk by WC or BMI. The models that 

included the interaction of WC and puberty and the interaction of B M I and puberty both 

had significant increase in proportion of the variance explained (Table 6.4 & Table 6,5), 

In our study population of Hong Kong Chinese children, we found a higher rate of 

CMRFs among prepubertal boys. This is a unique and interesting finding in that most 

studies found an association between puberty and unfavorable changes of metabolic 

profile including greater WC, increase in insulin resistance, increase in BP and 

worsening lipid profiles (Ball, et al, 2006; Daniels, et al., 1996; Katon, et al.，2009; 

Leccia, et al.，1999; Moran, et al., 1999). The higher rate of the some CMRFs for boys 

in their prepubertal stage may imply that the cutoffs of CMRFs have been defined lower 

than that stage and therefore overclassified some boys with having CMRFs. Although 

there was no significant association found between pubertal stage and CMRFs 

clustering, this may be due to small sample size of cases. Further study warrants an 

investigation of the CMRFs cutoffs and the relationship between pubertal stage and 

CMRFs clustering for Hong Kong Chinese children. 

Worth noting, we found higher rate of large W C among prepubertal boys with a 

decreasing trend towards late and post puberty, but the reverse trend in girls. The gender 

difference we observed in the association between WC and pubertal stage may be 

attributable to the differences in female and male change of body composition and 

hormones. In the prepubertal stage, the proportions of adipose tissue and fat-free mass 

in boys and girls are similar with body fat counts of about 15% and 19% muscle. In 

contrast, during puberty, girls have on average greater gain in fat mass than fat-free 

mass, whereas boys gain more fat-free mass than fat mass (Mahan & Escott-Stump, 

1996). This is mainly caused by the increase in testosterone and IGF-1, which are both 

muscle building hormones, in pubertal boys (Arslanian & Kalhan, 1996; Griggs et al., 

1989). Consequently, female adults have about 22% body fat compared with an average 

of 15% in male adults (Mahan & Escott-Stump, 1996). As boys can retain a relative 

constant fat mass throughout pubertal development while gaining in height, this may 
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explain the lower rate of large WC, overweight and obesity among the post pubertal 

boys. The greater gain of fat mass in girls during puberty may also account for the 

higher rate of large WC among post pubertal girls. 

Aside from the possible biological mechanisms, it is also of interest to examine how 

social norms and environmental factors contribute to these results. In a wealthy society 

like Hong Kong, social norms and expectations dictate our perceptions towards weight 

and body image. In a local Hong Kong study of secondary school students in form one 

to three, there was a gender difference in the extent of disagreement between body 

weight perceptions and actual weight, with the discrepancy more marked in females. 

More girls than boys considered themselves to be overweight and more boys than girls 

considered themselves to be underweight. As a result, boys were less likely to engage in 

weight losing behavior and restrict energy intake (Cheung, Ip, Lam, & Bibby，2007). 

This thinking among Hong Kong Chinese children may explain the higher rates of 

overweight and obesity in boys compared with girls. Our findings are consistent with 

findings from the Hong Kong Growth Study (2005/06) (So, et al., 2008). 

Though the results of our study may not be in line with previous research on the 

association between puberty and BMI, WC and various metabolic profiles, we would 

like to point out the subtle differences in the approach of our study compared to theirs. 

In our study, we tried to explore the association between pubertal stages and individual 

CMRFs and to examine i f the pubertal stage was associated wi th CMRFs clustering, 

whereas the other studies looked into the changes of metabolic profile that occurs in 

different pubertal stages (Ball, et al., 2006; Daniels, et al., 1996; Katon, et al., 2009; 

Leccia, et al., 1999; Moran，et al., 1999). Therefore, it may not be appropriate to make 

direct comparisons between the results and our study may shed new light into the 

relationship between CMRFs and puberty. 

Our results are the first to reveal the moderator effect of puberty on the prediction of 

cardiometabolic risk by WC or B M I in both boys and girls. Predicting cardiometabolic 
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risk score (3 is statistically more demanding than cardiometabolic risk score a as i t 

removes the W C component, which is a predictor variable in the model, f rom the risk 

score. Since, the interaction terms between puberty and W C and between puberty and 

B M I remain significant in boys and marginally not significant in girls, these findings 

may suggest that there is moderator effect of pubertal stage on the prediction of 

cardiometabolic risk [3 by WC or B M I . That means the prediction o f cardionietabolic 

r isk by W C or B M I depends on the stage of puberty. To our knowledge, few existing 

anthropometry references are able to account for children's pubertal stage. Some studies 

have demonstrated that adjustment for sexual maturation can affect the estimates of 

overweight prevalence (Himes，1999; Wang & Adair, 2001). Further studies are 

warranted to assess how we can apply this information in cl inical practice and to revisit 

the cut offs for CMRFs which incorporates the pubertal stage of the chi ld in the 

assessment. 

Limitations of the study 

Our study used self-reported Tanner stages to categorize the pubertal stages of the 

study participants. Although a previous study has confirmed the ut i l i ty of the self-

reported pubertal questionnaire, self-reporting of puberty may st i l l be di f f icul t for 

children to determine their pubertal stage, in particular stages 3 and 4，as the sexual 

maturation stages are somewhat subjective and there is no exact cut o f f of the Tanner 

stages (Chan, et al.，2008). The discrepancies between self-reported and the actual 

pubertal stage could exist and it may affect the results. For our analysis of the 

association between pubertal stage and CMRFs, our sample size may not be large 

enough for ident i fy ing children w i t h CMRFs clustering. A further large-scale 

population study is warranted to detect any causal relationship between puberty and 

CMRFs. 

CONCLUSION 

In conclusion, our study provides further evidence showing that CMRFs, including 

large W C and high BP for both boys and girls and high triglyceride for boys，were 
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associated wi th puberty. Pubertal stage was also found to have a moderator effect on the 

prediction of cardiometabolic risk by W C or B M L These findings have implications for 

further research into the causal relationship between puberty, obesity and CMRFs. 

116 



CHAPTER 7 

DISCUSSION AND CONCLUSION 

S U M M A R Y 

The increase in overweight/obesity in children has become a major public 

health concern worldwide. Childhood obesity has been shown to be associated with 

a clustering of CMRFs including increased WC/BMI, impaired lipid profile, 

elevated BP, impaired glucose tolerance and insulin resistance. Obese children are 

likely to remain obese and would retain their CMRFs in adulthood, which may lead 

to serious health consequences such as type 2 diabetes, cardiovascular diseases and 

cerebrovascular diseases. Screening of overweight/obesity is an important step to 

monitor the prevalence of overweight/obesity in children and to develop preventive 

intervention strategies for overweight/obesity. Therefore, in this thesis we aimed at 

identifying simple, cheap and convenient overweight/obesity screening tools. We 

assessed the agreement of SRDBMI and SRWC against M B M I and MWC. The 

results show that SRDBMI and SRWC demonstrate good consistency with M B M I 

and MWC. We also used the SRDBMI and SRWC to examine the diagnostic ability 

of SRDBMI and SRWC to classify children with overweight/obesity and with 

CMRFs clustering. The results suggest that SRDBMI and SRWC may have value as 

a screening tool for identifying clustering of CMRFs and overweight/obesity status 

in our population. Since some of our children were experiencing sexual maturation, 

we then explored the association between pubertal stage and CMRFs. However, due 

to the small sample size of children, significant association between pubertal stages 

and CMRFs clustering was not found. We then examined the effect of pubertal 

stages on predicting CMRFs by WC and BMI. The results show that pubertal stage 
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has a moderator effect on predicting CMRFs by WC and BMI. The findings have 

implications on further research into the relationship between puberty, obesity and 

CMRFs. 

Summary of each chapter 

Chapter 1 was the introduction and literature review. This chapter briefly described 

prevalence of childhood obesity worldwide and in Hong Kong, the health impact of 

childhood obesity, the common obesity assessment methods, the physiological and 

metabolic changes during puberty and the relationship between obesity and sexual 

maturation. BMI and WC are simple, accessible, low cost and practical tools for 

identifying overweight and obesity and have been useful predictors of 

cardiovascular morbidity and mortality. Self-reported anthropometric measures for 

identifying overweight/obesity have been used elsewhere both in adults and 

children. Hence, we developed research questions followed by the study aims and 

objectives. The primary rationale for conducting this research was to find out i f 

SRDBMI and SRWC can identify children with overweight/obesity and CMRFs 

clustering. The structure of this thesis was described. 

In Chapter 2, we reported on the performance of two self-reported questionnaire 

between the measured and self-reported score; namely Tanner pubertal self-reported 

questionnaire with Chinese text and a Chinese self-reported Pubertal Development 

Scale. These two self-reported pubertal questionnaires were used in subsequent 

studies to examine the associations between self-reported pubertal stages and 

CMRFs and explore the moderator effect of pubertal stages on prediction of 

cardiometabolic risk by BMI and WC (presented in chapter 6). 
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In Chapter 3, we described the methods and procedures of data collection of the 

main study named "Sleep duration, neurohormonal dysregulation and obesity in 

Hong Kong children and adolescents". This chapter included the statistical analyses 

of different chapters: chapter 2, 4, 5 and 6 of this thesis. The author of this thesis 

was involved in part of the data collection and data entry and all the data analyses, 

all report writ ing of this thesis. 

In Chapter 4, we presented the agreement of SRBW, SRBH and SRDBMI with 

measured values and the diagnostic ability of SRDBMI to classify children with 

overweight/obesity and CMRFs clustering. The findings suggested that SRBW and 

SRBH demonstrated good consistency with the assessor measured BW and BH. The 

SRDBMI classified children with overweight/ obesity and CMRFs clustering 

satisfactorily. 

In Chapter 5, we reported the agreement of SRWC with M W C and its diagnostic 

ability in classifying children with overweight/obesity and CMRFs clustering. The 

results showed that the intra-class correlation coefficients for WC between measured 

and self-reported values ranged from substantial to almost perfect for the 

children/adolescents. The SRWC was used to assess its diagnostic ability to classify 

children with central obesity and CMRFs clustering. The findings suggest that 

SRWC could satisfactorily identify the children with overweight, obesity status and 

CMRFs clustering, at least from a population perspective. 

In Chapter 6，we examined the association between pubertal stages and CMRFs 

clustering. Although no association was found between the two variables due to the 
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small number of children having CMRFs clustering, we found that puberty was 

significantly associated with individual CMRFs such as large WC, increased 

triglycerides, and elevated BP in boys and large WC and elevated blood pressure in 

girls. We then explored the effect of puberty on the prediction of CMRFs. Results 

showed that puberty had a significant moderator effect on the prediction of CMRFs 

by WC or BML (See Table 7.1 for summarizing the results of Chapter 2 and 4 to 6). 
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Discussion 

The prevalence of childhood overweight/obesity has increased significantly in 

past decades worldwide as well as in Hong Kong. Children with high B M I and 

larger WC for their age are at much greater risk of the cardiometabolic co-

morbidities of overweight/obesity. Studies have reported that both B M I and WC 

values can equally identify CMRFs (Dalton et al., 2003; Jackson et al., 2002; Ko, 

Chan, Cockram, & Woo, 1999). Although B M I is commonly used as the measure of 

overweight/obesity (Cole, et al., 2000), it has drawbacks in defining 

overweight/obesity children/adolescents during puberty. B M I is unable to 

differentiate fat-free mass and fat mass during puberty as physical growth, metabolic 

and hormonal changes vary among children during this period of time (McCarthy et 

al., 2006, Maynard et al., 2001). Changes in B M I may be attributable to increase in 

fat-free mass and body height rather than fat mass. Consequently, two children with 

the same amount of body fat can have different B M I values (McCarthy et al., 2003). 

In addition, measurement of B M I requires skill, use of well-maintained equipment 

and accurate calculation of B M I values. 

Body fat distribution is an important indicator for cardiometabolic risk. 

Population studies have found that an excessive upper body or abdominal fat carries 

an increased risk for obesity-associated cardiometabolic complications including 

adverse lipropotein and fasting insulin concentration (McCarthy et al., 2006; Caprio 

S et al., 1996; Kahn, et al., 2005)，dyslipidemia and high fasting glucose, as well as 

high blood pressure (Kelishadi et al., 2007; Daniels et al” 2000). Abdominal fat may 

also lead to 'fat-induced insulin resistance’ during pubertal progression (Freedman 

et al., 1987; Zimmet et al., 2007). 
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WC has been found to be a highly sensitive and specific indicator of upper 

body fat accumulation in children (Taylor et al., 2000) and hence might offer a more 

sensitive measure of overweight/obesity than B M I (McCarthy and Ashwell, 2006). 

WC has been recommended as a screening tools and single measure of 

cardiovascular and metabolic health risks (Klein et al., 2004; Kannel et al., 1991). 

With only a measuring tape with special designed age and gender specific WC cut-

off reference values for predicting CMRFs，a low cost and effective assessment of 

cardiometabolic risk could be obtained. Furthermore, it is unrelated to height, 

correlates closely with B M I and total body fat. 

For quantifying obesity, it is useful to have a simple, standard and cost-

effective screening tool. WC measurement values are relatively simpler to obtain 

than that of BMI . In review of the limitation of B M I in differentiating lean mass and 

fat mass and abdominal fat is important to identify 'fat-induced insulin resistance' 

during pubertal progression (Brambiila, et al., 2006), WC has an advantage over 

B M I to be used as screening tool for assessing the central obesity in 

overweight/obesity in children. WC is easier for public to understand than BMI. In 

this thesis, both SRDBMI and SRWC demonstrate a good consistency with the 

measured values, at least from the population perspective. SRWC has potential to 

quantify overweight/obesity in home-assessment and community-assessment in 

order to increase children/parents' awareness of their children overweight/obesity 

status and the related health risks as well as population, public health and nutritional 

epidemiological research as an alternative data collection when cost and time are the 

constrain of the study. 
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We validated two self-reported pubertal questionnaires, namely Tanner pubertal 

self-assessment questionnaire and pubertal development scale for assisting data 

collection in the sleep study. The Tanner pubertal self-reported questionnaire and the 

pubertal development scale were published in peer reviewed journals. The Tanner 

pubertal self-reported questionnaire has been cited by other authors (Azevedo, 

Brasil, Macedo, Pedrosa, & Arrais，2009; Dorn & Biro, 2011; Kong, et al., 2010; 

Lamb, Beers, Reed-Gillette, & McDowell, 2011; Tarn et al., 2010), as has the 

Chinese self-reported pubertal development scale (Sumter, Bokhorst, Miers, Van 

Pelt, & Westenberg, 2010). 

We provided further evidence on the association between pubertal stages and 

individual CMRFs in both boys and girls. However, we could not find any 

significant association between puberty and CMRFs clustering due to the small 

number of children having a clustering of CMRFs. We further investigated the effect 

of puberty on the prediction of CMRFs. We found that puberty has a moderator 

effect on the prediction CMRFs by B M I and WC. To the best of our knowledge, no 

previous study has published such findings. Our findings inform child obesity 

researchers and experts that they should consider puberty when undertaking research 

in this area and the need for further understanding of these complex relationships. 

Limitations 

There are several limitations in this thesis that are worth noting. The study on 

pubertal self-reported was a cross sectional convenience sample that could result in 

selection bias. The sleep study (the main study) was also a cross-sectional random 

sample study, but only 5 primary schools and 6 secondary schools were involved in 
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the study. Therefore, the findings of this thesis may not be representative of the 

Hong Kong children population. In addition, a cross-sectional design is limited in 

that the measurement of anthropometric measures and pubertal stage is at one time 

point only. This means that the study population at the three pubertal stages is 

represented by different children at a wide range of ages. The three pubertal groups 

may not be comparable as some children/adolescents may be far apart in age and 

there may be underlying different social and environmental influences on the 

different groups. The anthropometric measurements were undertaken by about three 

main research staff. As there could be measurement variations or errors between 

raters, it would have been preferable to have conducted inter-rater reliability 

measurement testing between raters prior to embarking on the study to minimize 

potential variation between raters. 

We found a higher rate of large WC, BP, triglycerides, overweight and obesity 

among prepubertal boys. This group of boys is of a different population than the 

pubertal and post pubertal boys. Therefore we cannot be certain whether the results 

are more likely due to physiological and metabolic changes during puberty or 

whether they reflect changes in the environment over time. It would have been ideal 

i f we could have followed up a group of children and adolescents from prepuberty to 

postpuberty to assess the relationship between pubertal stages and CMRFs. This 

would require a longitudinal study. However, such study design requires substantial 

cost and time which would not always be possible to actualize. 

We used self-reported methods to assess the pubertal stages, overweight and obesity 

in our study. Answers from the self-report questionnaire might not always reflect the 
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true health condition. For example, a respondent might report their height/weight 

incorrectly. Such "self-reported error" could affect the analysis. However, such self-

report method has been used in many studies to assess the pubertal stages, 

overweight and obesity in children/adolescents as stated in previous chapters. The 

self-report method is relatively inexpensive and data collection is relatively easy. 

Therefore this method can be used when cost, time and privacy are study 

considerations. Nevertheless, it is not known whether the size of self-reported errors 

and biases wi l l vary over time or in different settings. 

As we did not give any instructions to the children/adolescents or their 

parents/guardians for measuring their BW and BH，the sources and methods of 

obtaining the self-reported values were not known. Within the Hong Kong context 

of frequent body measures within schools and at the Student Health Service, the 

term "self-reported" may reflect "school measured" or "Student Health Service 

measured". This could explain the high level of agreement in SRBW and SRBH. 

However, the fact that children/adolescents and their families can provide acceptable 

measures of the BW and BH (however obtained) is of itself important, should such 

data be required for future large studies, community screening or public education 

programmes. We suggested that future studies could explore the source of these self-

reported values. 

CONCLUSION 

The results presented in this thesis contribute to the current body of knowledge 

in the area of childhood overweight/obesity in Hong Kong Chinese 

children/adolescents. Novel aspects include assessing the performance of Tanner 
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pubertal self-reported questionnaire with Chinese text and Chinese Pubertal 

Development Scale, self-reported SRDBMI and SRWC for screening overweight 

and obesity in Hong Kong Chinese children/adolescents. In consideration of a series 

of health risks related to high B M I and greater WC, SRDBMI and SRWC are 

valuable screening anthropometric tools to quantify obesity in community settings, 

possibly for home-assessments and public health/population research. Lastly, the 

effect of puberty on the prediction of CMRFs provides evidence that future research 

should consider puberty when assessing children/adolescents with CMRFs 

clustering. Overall, this thesis provides original views for assessing 

overweight/obesity using self-reported method in Hong Kong Chinese 

children/adolescents. 
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Appendix 2.1 Self-report Tanner pubertal stage questionnaire for boys (Chinese) 
姓名： 班別： 出生日期： 年 — 月 _ _ 日 

男 t t ^殖器官發肓的自我 f W S 
以下各圖代表男性生殖器官發育的5個不同階段（包抱陰莖、陰囊和睪九）。 

請細看以下各圖及細閱圖下文字，據你自己身體發肓情況，選擇最接近的圖加 

V 
Pki"tj' i 

Scrotum …陰囊;Testes …睪九;Penis …陰楚;Glaus (head)---龜頭 

一
 
二

三

四

五
 

圖

圖

圖

圖

圖
 

睪九、陰囊及陰楚的大小和形狀跟小童一樣 

翠九和陰囊比較大，而陰囊較前向下鬆驰及陰囊表皮有改變。陰莖也比前較大 

陰室長度增加，而睪九及陰囊也比較圖二多向下鬆驰。 

陰壁長度繼續增加及變粗，龜頭也變大。陰囊比前深色，睪九體積增大。 

陰楚、陰囊及睪九的大小和形狀至成年男性模樣。 

男性陰毛發肓的自我龍 

以下各圖代表男性陰毛生長的不同分佈及數量。請細看以下各圖及細閱圖 

下文字，據你自己身體發肓情況，選擇最接近的圖加� V �。（在選擇適當的圖 

畫時，請根據陰毛的分佈及數量’而不是根據生殖器官的大小而作出決定）。 

Plctwre 1 — 

N / I 

P i t l u r e 3 

K 

圖一：完全沒有陰毛 

圖二：有少量長而淺色的毛髮可以是直或曲 

圖三：毛髮比較深色及曲，而生長範圍較圖二為大 

圖四：毛髮比較粗而生長範圍圖三為大 

圖五：毛髮生長範圍接近成年男性 
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Appendix 2.2 Self-report Tanner pubertal stage questionnaire for girls (Chinese) 

-班別 出生日期 - 年 一 月 . 曰 

女性乳房發肓的自我 _ 

以下各圖代表女性乳房發肓的5個不同階段。請細看以各圖及細閱圖下文 

字，根據你自己乳房發育的情況，選擇最接近的圖加上「^^ 

A
i
u
.
 

I
l
l
 

i
n
n
 

Breast —乳房;Areola —乳暈;Nipple …乳頭 

圖一：乳頭有些微突起，乳房其他部份則平坦。 

圖二：乳頭比圖一較突起，乳暈比圖一為大，乳房有些微漲起。 

圖三：乳暈和乳房比圖二更大’但乳暈沒有突起現象。 

圖四：乳暈及乳頭從乳房的輪廓中突起。（請注意，有些女性沒有圖四的現象，而由圖三直接發 

展至圖五）° 

圖五：乳房完全發肓至成年女性樣，乳頭呈現突出，但乳暈變為平坦。 

女性陰毛發育的自我籠 

以下各圖代表女性陰毛生長的不同分佈及數量。請細看以下各圖及細閱圖下文字，根據 

你自己身體發肓情況’選擇最接近的圖加上「>/」。 
mturB I — _ P i i S i a 2...,、、/；； mmrn 5 M 仙 

I气 

纏籠 
l i議 

f ic t t frs 

圖一：完全沒有陰毛 

圖二 ：有少量長而淺色的毛髮，毛髮可以是直或曲 

圖三：毛髮比較深色及曲，而生長範圍較圖二為大 

圖四：毛髮比較粗而生長範圍較圖三為大 

圖五：毛髮生長範圍接近成年女性 
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Appendix 2.3 Self-report Tanner pubertal stage questionnaire for boys (Morris 
and Udry，1980) 

Self-report genitalia development for boys 

The pictures on this page show different stages of growth of the testes，scrotum，and 

penis, A boy goes through each of the 5 stages as shown. Please look at each of the 

pictures. Read the sentences. 

Put a [ V ] on the line above the picture which is closest to your stage of growth. 

P k i u r e � ... Picture Plch;rii 3 

/ 
、”/ 

111?： t̂  hit urn an? 

Vi fCAUM llhf； 31.31：V* "伎 Jlisr 
I.'IK ftajj ŝ jMc.!! I, 

II* <k qill̂ i'i gnlii 

Ml*r pt̂ .t-c \ lip51 
{亡专、̂ Ifil-"；*；̂  Aviii 

qr mm ；ir̂  

ricloru 

l�e s:t-nK fi.25 ^fiUnV' 
pijr K tssiy，丄_、i\ tIt公 

J"!!- Si 

rirnis. 
？；絲啦fij: 

iruii fit 

Self-report pubic hair development for boys (Morris and Udry, 1980) 

The drawings on this page show different amounts of male pubic hair. Please look at 

each of the drawings and read the sentences under the drawings. Then check the 

drawing that is closest to your stage of hair development. 

h 

..t-v
 



Appendix 2.4 Self-report Tanner pubertal stage questionnaire for girls (Morris 

and Udry, 1980) 

Self-report breast development for girls 

The pictures on this page show different stages of how the breasts grow. A girl can go 
through each of the 5 stages as shown. Please look at each of the pictures. Read the 
sentences. Put a [ V ] on the line above the picture which is closest to your stage of 
growth. 

fjcuii-a J-lfitwe 5—._ ？irismj.l — Hirlurs 

T.-.1S 

神鋼•堪 t fl B iS&pte： 
,-i-ii Enev 13 

Self-report pubic hair development for girls (Morris and Udry, 1980) 

The drawings on this page show different amounts of female pubic hair. Please look at 
each of the drawings and read the sentences under the drawings. Then check the 
drawing that is closest to your stage of hair development. 

Pii-tUi-e f i t t u r e 3 

V 

P i s : ;細 

_ 

Him 

There is na 
pm'\c haiT at 

lUfury^ n UMW 
B l̂DUin tjf 丨糊j, 

Cfjiori'fj 
im^ hair 

uuij tip- x^rnirjhl 
or Hide 

Thurif： js ŝ air ill a 5 
IS a a r l i e r 

T^mt 彳hi这Sy spn^iui 
oil丨 lu ^wf^r Si 
SDmî LuJial tarciur 
nr̂ Ta t^inn stt 
^tOQe 2 

încl mure -itirî ^ui ot 
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Appendix 2.6 Self-report Pubertal Development Scale for girl (Chinese) 

少男發肓評估 

以下問題關於你身體上的改變。這些都是年青人正常的改變。但發生的年歲會因 

人而異，請你細閱後才回答。如果你遇上不明白的問題或不知道答案，請選擇 

“不知道”。 

未有 開始有 已經有 好像已完成 不知道 

1.你有身高上的增長嗎？ 

2.你體毛開始增長了嗎？（體毛是指頭髮以 

外，身體上其他地方的毛髮。） 

3.你有皮膚上的改變嗎？例如臉上長出暗 

瘡？ 

4.你的聲線變沉了嗎？ 

5.你面部開始長出了鬍鬚嗎？ 

姓名 

班別 

年歲 
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Appendix 2.6 Self-report Pubertal Development Scale for girl (Chinese) 

少 女 發 w m s 

以下問題關於你身體上的改變。這些都是年青人正常的改變。但發生的年歲會因 

人而異，請你細閱後才回答。如果你遇上不明白的問題或不知道答案，請選擇 

“不知道”。 

未有 開始有 已經有 好像已完成 不知道 

1. 你有身高上的增長嗎？ 

2. 你體毛開始增長了嗎？（體毛是指頭髮 

以外，身體上其他地方的毛髮。） 

3. 你有皮膚上的改變嗎？例如臉上長出暗 

瘡？ 

4. 你的乳房開始發肓及脹起了嗎？ 

5 a .你開始有月經嗎？有： 未有 

5b. 如果有的話，你的月經在多少歲開始？ 

姓名： 年歲： 

班別： 

歲 
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Appendix 2.6 Self-report Pubertal Development Scale for girl (Chinese) 

The questions below 
Form for boys: 

about your normal physical and pubertal development changes. 

not yet 
started 

barely 
started 

definitely 
started 

seems 
complete 

I don't 
know 

1. Would you say that your growth in 
height: 

2. And how about the growth of your 
body hair? ("Body hair" means hair 
any place other than your head, such 
as under your arms.) Would you say 
that your body hair growth: 

3. Have you noticed any skin changes, 
especially pimples? 

4. Have you noticed a deepening of your 
voice? 

5. Have you begun to grow hair on your 
face? 

Form for girls: 

not yet 
started 

barely 
started 

definitely 
started 

seems 
complete 

I don't 
know 

1. Would you say that your growth in 
height: 

2. And how about the growth of your body 
hair? ("Body hair" means hair any place 
other than your head, such as under 
your arms.) Would you say that your 
body hair growth: 

3. Have you noticed any skin changes, 
especially pimples? 

4. Have you noticed your breast have 
begun to grow? 

5a. Have you begun to menstruate (started to have your period)? Yes No 

5b. If yes, how old were you when you started to menstruate? years old. 
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Appendix 2.8 Information sheet & consent form for pubertal assessment (Chinese) 

香港中文大學兒—糸 

青少年發WfFte 

職詳情及同意書 

親愛的家長： 

香港中文大學兒科學糸正進行一項兒童及青少年發肓評估的研究，貴子女亦會填寫一份 

發肓自我評估的問卷。若有需要，研究員會讀出問卷內容，讓他了解問卷才作答。同時 

研究員會為貴子女量度身高，體重，腰圍及發肓評估。你孩子的參與’將對香港的兒童 

及青少年發肓期的改變及其有關的問題及學術研究有莫大的裨益。 

家長及貴子女參與這項研究純屬自願性質，此項研究所搜集的資料是絕對保密，貴子女 

可在任何時間退出這項硏究。如有疑問，請電9672 0440或傳呼機號碼7479 8016陳小 

姐查詢,並留下你的姓名及聯絡電話。請填回條及交回學校。 

謝謝！ 

香港中文大學 

醫學院兒科學糸 

二零零六年十一月十五曰 

家長及學童同意書 

本人明白以上的資料，並願意本人之兒子/女兒 (學童姓 

名），班別 坐號 。參與香港中文大學兒童及青少年發育評估的研 

究。 

家長簽名 日期 

學童簽名 曰期 
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Appendix 2.9 Information sheet & consent form for pubertal assessment (English) 

Dear Parents/Guardian, 

The Chinese University of Hong Kong is going to conduct a study concerning the pubertal 

development of children and adolescents. The aim of this study is to evaluate the validity of 

self-assessment of pubertal development of children. Your child is invited to participate in this 

study. Your child's involvement would be beneficial to other children in Hong Kong. 

Your child is requested to complete a self-administrated pubertal development questionnaire. 

Our research team members wi l l read out the questionnaire for your child if necessary. We wil l 

obtain your child's body measurements including body weight, body height, waist 

circumference and pubertal development. 

Your child is cordially invited to participate in this study voluntary. A l l your personal 

information wil l be kept confidential. Your child may withdraw from the study at anytime 

without penalty. Should you have any inquiry, please feel free to contact Ms Chan at 9672 0440 

or pager 7479 8016 (please leave your name and contact number). 

Thank you for your attention, 

Yours faithfully. 

The Chinese University of Hong Kong, 

Faculty of Medicine, 

Paediatrics Department. 

Date: 15th Nov., 2006. 

Consent form 

I understand the above information. I agree my child (name) 

Class and seat no. to participate in the pubertal development assessment 

study. 

Signature: (Parent/ Guardian) Date 

Signature: (student) Date 
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Appendix 3.1 Information sheet & consent form (Chinese) 

香港中文大學內科及藥物治療，兒科及精神»系 

“香—•眠’賀爾蒙失調及肥胖問題研究調査” 

職詳情及同意書（第一部份） 

本人衷心邀請閣下及貴子女參加這項硏究調查。這項研究旨在探討香港華裔學童(年齡6 

至18歲）之睡眠習慣及肥胖的普遍性。在全球各地的兒童及青少年，肥胖的普遍及嚴重 

性正逐漸上升，越來越多的証據顯示睡眠習慣，賀爾蒙變化及肥胖是有互相關連的。 

研究人員將會為貴子女量度身高及體重，檢定身體脂肪比重’以及在空腹八至十小時的 

情況下’抽取約十毫升血液及尿液樣本。另外，我們會派發問卷給閣下填寫，其內容主 

要圍繞學童的睡眠健康及與賀爾蒙變化有關的發育自我評估（見附件）。 

血液及尿液樣本將用作量定各項與肥胖及心血管疾病相關之檢驗，以及其與睡眠習慣之 

關係。硏究資料將有助醫護人員及教職員計劃適當的預防行動，保障香港學童的健康。 

閣下提供的所有個人資料只會用作研究及教學用途，資料絕對保密。閣下所提供的寶貴 

資料對於香港市民整體的健康改善將有莫大的幫助。 

閣下及貴子女參加這項研究全是自願性質的。你可在任何時間退出這項研究。我們將會 

非常樂意回答你有關此研究之間題。如有任何問題，請致電：2632 3215。 

江碧珊醫生 

內科及藥物治療學系副教授 

二零零六年十月 

本人同意/不同意*我的子女參加此研究計劃 

學童姓名 

家長/監護人*姓名 

與學童關係 

2個聯絡電話 

住址 

家長/監護人*簽署 

本人願意/不願意*參加此研究計劃 

學童簽署 

家長及學童同意書 *刪去不適用者 版本日期：16.10.2006 
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Appendix 3.2 Information sheet & consent form (English) 

DEPARTMENT OF MEDICINE & THERAPEUTICS, PAEDIATRICS AND PSYCHIATRY, 

PRINCE OF WALES HOSPITAL, THE CHINESE UNIVERSITY OF HONG KONG 

Sleep duration, 

neurohormonal dysregulation and obesity in 

Hong Kong children and adolescents 

INFORMATION SHEET AND CONSENT FORM (Stage 1) 

The prevalence and severity of obesity in children and adolescents is increasing 

worldwide. Amassing evidence suggests there may be associations between sleep habit, 

hormones changes and obesity. We aim to conduct this survey to document the pattern of sleep 

behavior and prevalence of obesity in Hong Kong Chinese school children aged 6-18. 

You and your child are cordially invited to participate in this survey. You are 

requested to complete a questionnaire exploring the sleeping, dietary and physical habits of your 

child, as well as hormonal related pubertal assessment (see attached). Apart from taking body 

measurements including body height and weight, waist and hip circumferences, percentage body 

fat, around 10ml of blood and urine wi l l be collected from your child after 8-10 hours of fasting. 

Parameters related to obesity and cardiovascular risk factors wi l l be examined in the blood and 

urine samples. These data wi l l help our health care workers and educators to design programs to 

promote the general fitness of our children. A l l data wi l l be analyzed in an anonymous manner 

and used for research and educational purposes. Your assistance in this important program in 

our attempt to improve the health and quality of life of our local population is much appreciated. 

Your child and your participation in this study are voluntary. You may withdraw from the study 

at any time without penalty. We wil l answer any questions you have about this study before, 

during and after the study. For enquiry, please contact Dr. Kong at telephone number: 2632 

3125. 

Dr. Alice Pik Shan Kong 

Associate Professor 

Department of Medicine and Therapeutics 

The Chinese University of Hong Kong 

16 Oct 2006 
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Parental and Children Consent form 

I agree/disagree* to my child participating in the survey 

Name of chi ld 

Name of parent / guardian* 

Relationship w i th child 

2 Contact telephone numbers 

Address 

Signature of parent / guardian* 

I agree/disagree* to participate in the survey 

Signature of chi ld 

delete as appropriate 
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Appendix 3.3 Report on physical examination and blood test results 

Sleep duration, neurohormonal dysregulation and growth in 

Hong Kong children and adolescents 

Department of Medicine and Therapeutics, Paediatrics and Psychiatry 

Prince of Wales Hospital 

The Chinese University of Hong Kong 

香港中文大學威爾斯親王截院內科及藥物治療學系，兒科及精神科學系 

香港學童睡眠，賀爾蒙失調及成長問題研究調査 

我們衷心感謝閣下及貴子女參加這項研究調査。以下是貴子女的檢查結果。因本地參考標 
準尚待確立，檢查結果只供參考。如有明顯地不正常之報告，我們的硏究員/醫生會作個別 
通知及跟進。閣下如對檢查結果有任何問題，可向你們的家庭醫生查詢或致電：2632 
2648，謝謝！ 

江碧珊醫生 

內科及藥物治療學系副教授 

檢査報告 

Refcode參考編號 KPS20XX 

School Name學校名稱 xxxx小學 

Assessment Date檢查日其月 

Name姓名 LAW XX —XX 

ID No.香港身份證號碼 UWxxxxxxx 
Sex性別 

Age年齢 

Body Weight 體重 公斤 

Body Height 身高 米 

Body Mass Index 體軍指數 

Blood Pressure 血（SBP 上壓 

壓 ） 
mmHg 

(DBF下壓 
) mmHg 

Pulse rate 脈搏 /每分鐘 

Body f a t身體脂肪 % 
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Laboratory Results 化驗報告 

C B C 全血圖 

L i p i d s血脂肪 

RBC紅血球 

Haemoglobin 血色素 

Platelet Count 血小板 

WBC白血球 

Cholesterol 瞻固醇 

TG三酸甘油脂 

HDL-C高密度膽固醇 

LDL-C低密度膽固醇 

單位 

10"12/L 

g/dL 
10八9/L 
10 八 9/L 

mmol/l 
mmol/l 
mmol/l 
mmol/l 

Assessment Date檢查日其月 

Name姓名 

ID No .香港身份證號碼 

Sex性別 

Age年齡 

LAW XX 羅 XX 

UWxxxxxxx 

Laboratory Results 化驗報告 

RFT腎功能 

LFT肝功能 

Sodium (Na)鈉 

Potassium (K)鉀 

Urea尿素 

Creatinine 肌酸酐 

Total Protein 總、蛋白質 

Albumin白蛋白 

Total Bilirubin 總瞻紅素 

Total ALP鹼性隣酸酶 

ALT/GPT谷丙轉氨酵素 

GGT丙種谷氣酸轉肽酶 

Urate尿酸 

單位 

mmol/l 

mmol/l 
mmol/l 
umol/l 

g/l 
g/l 
umol/l 
lU/l 
lU/l 
U/l 

mmol/l 

Fasting Blood Glucose 

空 腹 血 糖 

Spot U r i n e小便分析 Urine Creatinine尿肌酸酉干 

Urine Albumin尿白蛋白 

Urine Alb/Creat Ratio 蛋白尿 

mmol/l 

mmol/l 
m g / l 

mg/mmol 
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體重 ： 稍輕/正常/過重/肥胖 

血壓 ： 稍低/正常/稍高/高 

賢功能： 正常/不正常 

肝功能： 正常/不正常 

尿酸 ： 正常/不正常 

血脂肪： 正常/不正常 

貧血 ： 無/有 

蛋白尿： 無/有 

糖尿病： 無/有 

備註 ： 
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