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Abstract 

Background and aims 

The contribution of non-communicable disease (NCD) to total morbidity and mortality has 

risen over recent decades in Vietnam to reach around 63% of all deaths in 2016. This increase 

may be due in part to improved reporting but ageing of the population and increased exposure 

to NCD risk factors in a country undergoing rapid urbanisation/industrialisation is likely to be 

a contributing factor. Recent studies have demonstrated that NCDs are largely attributable to 

modifiable risk factors including physical inactivity, tobacco use, harmful drinking, and 

unhealthy diets. These risk factors can lead to elevations in overweight and obesity, blood 

pressure (BP), total cholesterol (TC) and blood glucose (BG). The World Health Organization 

(WHO) has recommended that priority be given to monitoring population levels of and 

changes in those four pathophysiological indicators as part of a comprehensive strategy to 

reduce NCD morbidity and mortality. To date, studies of NCD risk factors in Vietnam have 

largely been limited to the urban and affluent cities of Ha Noi, Ho Chi Minh and Can Tho. 

Our analyses of a nationally-representative population-based survey focus on the relationships 

of overweight and obesity, raised BP, elevated BG and raised TC with each other and with 

relevant socio-demographical and lifestyle factors. A particular focus was to investigate sex-

differences in the mean levels or prevalence of NCD risk factors and their relationships with 

predisposing factors. 

Methods 

The survey participants aged 25−64 years (n=14,706, response proportion 64.1%) were 

selected by multi-stage stratified cluster sampling from eight provinces each representative of 

one of the eight geographical regions of Viet Nam. Sampling was undertaken, and 

measurements were made, in accordance with the STEPS survey methodology of the WHO. 

National estimates of overweight and obesity, raised blood pressure, elevated blood glucose 

and raised total cholesterol and their inter-relationships and associations with predisposing 

factors are presented in four studies. 

Results 

Study 1 evaluates the separate and relative importance of waist circumference (WC) and body 

mass index (BMI) in cross-sectional relationships with BP, BG and TC. The measurements of 

WC and BMI were highly correlated (men r=0.80, women r=0.77) with lesser but statistically 

significant correlations also with BP, BG and TC. For men, the strongest and predominant 
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associations with BP, glucose, and TC were for WC or an index based on WC. For women, 

this was true for BG, but BMI was more important for BP and TC. WC or an index based on 

WC provided better discrimination than BMI of hypertension and elevated BG, and of raised 

TC for men. Information on four new anthropometric indices – Body Adiposity Index (BAI), 

Abdominal Volume Index (AVI), Conicity Index (CI), and A Body Shape Index (ABSI) – did 

not improve model fit or subject discrimination. 

Study 2 examines the potential misclassification of BP when only a single measurement is 

used. For systolic BP, 62.7% of participants had a higher first reading whilst 30.0% had a 

lower first reading, and 27.3% had a reduction of at least 5mmHg whilst 9.6% had an increase 

of at least 5mmHg. Irrespective of direction of change, increased variability in BP was 

associated with greater age, urban living, greater body size and fatness, reduced physical 

activity levels, elevated BG, and raised TC. As a consequence of reading-to-reading 

variability in BP measurements, almost 20% of subjects would receive a different diagnosis of 

hypertension based on the mean of two readings than they would when the diagnosis is based 

on a single reading. The results of this study do not generalise to the international protocols 

which recommend taking at least two BP measurements on two visits, but they do shed light 

on the consequences of taking a single reading with an automatic BP monitor and indirectly 

on the practice of taking a single reading with a sphygmomanometer.  

Study 3 examined the relationship of systolic BP and BG with measures of obesity and central 

fat distribution and other factors whilst taking account of the inter-dependence between 

systolic BP and BG. Structural modelling identified direct effects for BG (men P=0.000, 

women P=0.029), age (men P=0.000, women P=0.000) and BMI (men P=0.000, women 

P=0.000) in the estimation of systolic BP, and for systolic BP (men P=0.036, women 

P=0.000) and WC (men P=0.032, women P=0.009) in the estimation of BG. There were 

indirect effects of age, cholesterol, physical activity and tobacco smoking via their influence 

on WC and BMI. The errors in estimation of systolic BP and BG were correlated (men 

P=0.000, women P=0.004), the stability indices (men 0.466, women 0.495) showed the non-

recursive models were stable, and the proportion of variance explained was mid-range (men 

0.553, women 0.579). 

Study 4 investigates whether there is evidence of higher female-than-male mean levels of TC 

in Vietnam and, if so, whether it can be explained by ageing, by overweight and obesity, or by 

socio-demographic characteristics and behavioural factors. Men and women had similar mean 

levels of BMI, and men had modestly higher mean levels of WC, in each 5-year age category. 
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Whilst the mean TC of men increased with age until age 56 years, the mean TC of women 

increased more of less continuously across the age range but with a step-up at age 50 years to 

reach higher concentrations in a reversal of the male-female difference at lesser ages. The 

estimated step-up was not eliminated by adjustment for anthropometric indices including BMI 

or WC, or by adjustment for socio-demographic characteristics or behavioural factors. The 

estimated step-up was least for women with greatest weight. 

Conclusions: 

The results of this research have important implications for the prevention and management of 

chronic disease in Vietnam and for the health system of the country. This project has 

produced novel population-based findings that suggest a causal role for overweight and 

obesity in BP variability, and demonstrated the appropriateness and benefits of adopting 

international protocols in the measurement of BP. The findings verify the need to measure 

both WC and BMI when monitoring prevalence of, and trends in, overweight and obesity. 

They are consistent with overweight and obesity playing a primary aetiological role in 

elevations of BP, BG and TC that are precursors to chronic disease. Additionally, by 

providing statistical evidence of a feedback loop between raised BP and elevated BG, there is 

new understanding of the contribution that overweight and obesity makes to igniting a 

cascading spiral of mutually-reinforcing pathological outcomes. This reinforces the 

importance of intervention targeting body size and fatness. The results identify physical 

activity and tobacco smoking – and suggest saturated fat intake – as targets of intervention 

designed to restrict the growth in overweight and obesity leading to raised BP and elevated 

BG, and pinpoint harmful or hazardous alcohol intake as an additional target of intervention 

for BP reduction. For TC, the findings provide evidence of a sudden elevation in TC for 

Vietnamese women at around 50 years of age, and which is of potential consequence because 

– in Western Countries – similar elevations are a portent of the marked increase in female

rates of cardiovascular disease that occurs in the sixth or seventh decade of life. The results 

show that this sudden elevation in TC for women, which occurs at about the same time in life 

as the menopausal transition, cannot be accounted for coincident sudden increases in 

overweight and obesity or by demographic characteristics or lifestyle factors. The findings are 

valuable for planning cost-effective preventive strategies and developing interventions, and 

for strengthening the implementation of the National Strategy on Prevention and Control of 

Certain Non-communicable Diseases for the Period 2015-2025 in Vietnam. 



Chapter 1: Introduction 1 

Chapter 1: Introduction 

1.1 Epidemiology of non-communicable diseases in Vietnam 

Vietnam is a middle-income country in Southeast Asia with a population of almost 95.5 

million in 2017 [1]. The increasing burden of NCD in Vietnam is likely to be similar to the 

experience of other countries in the region [2]. This change can be summarized as an increase 

in the NCD mortality rate [3] coinciding with a decrease in the communicable disease 

mortality rate. The contribution of NCD to total morbidity and mortality in Vietnam rose 

steadily during the period 1976 to 2016 to reach more than 63% of all deaths in 2016 [3]. This 

increase may be due in part to improved ascertainment and reporting, but ageing of the 

population and increased exposure to NCD risk factors in a country undergoing rapid 

urbanisation/industrialisation are likely to be contributing factors [4]. Estimates for Vietnam 

are based on data on hospital separations collected by the Ministry of Health. NCDs 

accounted for two thirds of hospital visits, but three-quarters of mortality (see Figure 1.1 and 

1.2). These proportions greatly exceed those due to communicable disease (CD) [3]. 

Figure 1.1. Percentage of total morbidity attributable to CD, NCD, and injuries in 

Vietnam, 1976 – 2016 
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 Figure 1.2. Percentages of total mortality attributable to CD, NCD, and injuries in 

Vietnam, 1976 – 2016 

Of NCD-related deaths, cardiovascular disease mortality, cancer, chronic obstructive 

pulmonary disease and diabetes topped the league table of mortality in 2016 in Vietnam. 

Cardiovascular diseases (CVDs) made up 40% of deaths, cancers 14%, chronic respiratory 

diseases 8% and diabetes 3% [5].  

NCDs have multiple adverse effects that are not limited to morbidity and mortality. They 

impact the quality of life of affected individuals and create large adverse economic effects on 

families, communities and societies. Significant reductions in the incidence of NCDs could 

result in millions of lives saved and untold suffering avoided. This would require action to 

reduce the prevalence and impact of NCD risk factors and to strengthen healthcare systems, 

with increased focus on primary prevention without reduced attention to secondary 

prevention.  

Over the last 10 years, Vietnam has made significant efforts to address NCDs. In 2002, an 

NCD prevention and control programme was established for the period 2002-2010. Its 

purpose was to focus on the prevention and control of four types of NCD.  Disease-specific 

plans were funded and implemented within this NCD programme in respect of hypertension, 

diabetes, cancers, and mental disorders.  Further steps were taken with the development of a 

National NCD Target Programme in 2011 for the period 2011-2020 and other efforts for NCD 

control in Vietnam. The strategy includes measures to improve the primary healthcare system 

(at the district and commune health levels), which has been shown to play a crucial role in 

preventing diseases and promoting population health [6].  
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The National Strategy on Prevention and Control of NCDs for the period 2015-2025, that was 

approved in 2015, places focus on common NCD risk factors. The aims are to reduce the 

prevalence of current tobacco use among persons aged over 15 years, increase physical 

activity, reduce harmful use of alcohol, and reduce salt intake in the population [7]. Action 

plans to implement the strategy were developed. For tobacco use, these included interventions 

to reduce the affordability of tobacco products by increasing tobacco excise taxes, legislating 

for smoke-free environments in all indoor workplaces, public places and public transport, 

warning people of the dangers of tobacco and tobacco smoke through effective health 

warnings and mass media campaigns, and banning all forms of tobacco advertising, 

promotion and sponsorship [8]. In respect of alcohol, they included increasing alcohol 

beverage excise taxes, restricting retail access to alcohol beverages, and comprehensive 

advertising, promotion and sponsorship bans [9]. For unhealthy diet and physical inactivity, 

action plans concentrated on reducing salt intake, replacing trans fats with unsaturated fats, 

and implementing public awareness programmes on diet and physical activity. Not all 

elements of these action plans have been effectively implemented, however. Tobacco taxes 

increased in 2016 from 65% to 70% of factory price, but tax as percentage of retail price is 

still very low (about 41%) [7]. Vietnam currently has legislation regulating the density of 

distributors, wholesalers, and retailers of tobacco products, but there is very limited 

enforcement of this policy in practice. There are currently no policies on content of salt, 

saturated fatty acids and trans-fats in foods, nor policies on restriction of marketing to 

children. Primary care is poorly resourced in financial and human resources, and additional 

action is required to meet the target of improving primary healthcare system in 2025. The 

current system of data reporting on deaths due to NCD is poorly developed, and the recording 

of cause of mortality is of questionable quality. To achieve targets in 2025, action plans of the 

National Strategy for Prevention and Control of NCDs for the period 2015-2025 need to 

continuously address these implementation gaps. 

 

1.2 Targeting NCD risk factors 

The risk factors for NCD often are classified into those that are modifiable and those that are 

non-modifiable. Modifiable risk factors include behavioural risk factors such as tobacco 

smoking, and intermediate pathophysiological risk factors such as obesity. Risk factors that 

are not modifiable include age, sex, race/ethnicity that underlie group differences in 
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race/ethnicity, and genetic factors that underlie individual susceptibility and may be reflected 

in family history of hypertension and diabetes, as examples.  

The WHO has recommended that priority be given to monitoring population levels and 

changes in four behavioural risk factors (physical inactivity, tobacco use, harmful alcohol use, 

and unhealthy diet) and four pathophysiological risk factors (overweight and obesity, 

hypertension, elevated glucose and raised TC) as part of a comprehensive strategy to reduce 

NCD morbidity and mortality [10]. This thesis focuses on the occurrence of, and relationships 

between, the four pathophysiological risk factors in Vietnam. 

1.2.1 Biological risk factors 

Overweight and obesity 

Overweight and obesity are defined, respectively, as abnormal and excessive fat accumulation 

presenting a risk to health [11]. The current BMI cut-off points recommended by the WHO 

for delineating increased risk are 25kg/m2 for being overweight, and 30kg/m2 for obesity [12]. 

However, many Asian studies of the association of BMI with body fat, health risks, and 

ethnicity have led to the recommendation of lower BMI cut-off points for Asian populations 

[12-17]. Until this controversial issue is resolved, two sets of BMI cut-points exist for the 

definition of obesity in Vietnam. They are the WHO criteria (overweight 25-29.9 kg/m2 and 

obese ≥30kg/m2), and the Asian-specific cut-offs (overweight 23-27.4 kg/m2 and obese ≥27.5 

kg/m2) [18].  In addition to BMI, WC is employed as an indicator of central or abdominal 

obesity. Here again, different cut-points have been suggested for the definition of abdominal 

obesity in different populations and ethnic groups. The WHO recommended WC cut-off 

points are 102cm for men and 88cm for women. The Asian criteria cut-points are 90cm for 

men and 80cm for women [19]. 

Worldwide in 2016, more than 1.9 billion adults aged 18 years and older were overweight or 

obese and of these over 650 million adults were obese [20]. In 2016, 39% of men and 40% of 

women were overweight and 11% of men and 15% of women were obese [20]. The 

worldwide prevalence of obesity nearly tripled between 1975 and 2016 [21]. Once considered 

a problem only in high income countries, the proportions of overweight or obese persons are 

now dramatically on the rise in low- and middle-income countries (LMICs), particularly in 

urban settings. 

Overweight or obesity is an important risk factor for mortality and morbidity from NCDs 

[22]. The relationship between poor health outcomes or all-cause mortality and obesity is 
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well-established [22] [23]. With burden of disease measured in disability-adjusted life years 

(DALYs), the WHO has estimated that overweight or obesity was responsible for 44% of the 

burden of diabetes [23], 23% of the burden of ischaemic heart disease [23], 33% of the burden 

of hypertensive disease [24], and 7–41% of the burden of certain cancers [23].  

In Vietnam, increasing prevalence of overweight or obesity has accompanied economic 

development and rising standards of living since 1992  [25, 26]. The prevalence of overweight 

or obesity more than doubled between 2005 and 2016 [27]. Factors associated with increasing 

BMI have been identified. They include high socioeconomic status, physical inactivity, and 

high energy diets [28-31]. The prevalence of obesity has been estimated in urban and affluent 

cities of Vietnam such as Ho Chi Minh, Ha Noi, and Hai Phong [30, 32, 33]. The results have 

shown similar prevalence of obesity in these cities and upward trends over time. However, 

most of these studies measured BMI only. Although the risk of developing CVD has been 

found to be directly associated with increasing BMI [34, 35], there is emerging evidence of 

the importance of WC in predicting chronic disease [36]. The WHO expert consultation on 

obesity recognized the importance of abdominal fat mass – as indicated by WC, waist-hip-

ratio (WHR) or weight-to-height-ratio (WHtR) – and that it can vary considerably within a 

narrow range of total body fat and BMI [37]. In respect of whether indicators other than BMI 

are needed to identify individuals at increased risk of obesity‐related morbidity due to 

accumulation of abdominal fat, they concluded that WC or WHR could be used alone or in 

conjunction with BMI [37]. In Vietnam and several other LMICs, measurement of WC in 

clinical practice is not trivial because providing this assessment competes for the limited time 

available in a busy office practice and requires specific training to ensure that reliable data are 

obtained. In addition, there are less pronounced differences in BMI and particularly in WC 

between men and women, and less pronounced increases with age during young- and middle-

adulthood, in Vietnam than in Western countries. No study has investigated the relative and 

combined contribution of BMI and WC for the estimation of cardiometabolic risk among the 

Vietnamese population. This thesis provides new information in respect of this. 

Raised blood pressure (hypertension) 

Blood pressure (BP) is measured in millimetres of mercury (mm Hg) and is recorded as 

systolic BP (the maximum arterial pressure during contraction of the left ventricle of the 

heart) and diastolic BP (the minimum arterial pressure during relaxation and dilatation of 

the ventricles of the heart). Derivative measures such as pulse pressure and mean arterial 

pressure can be obtained from the systolic and diastolic values. Normal adult BP is defined as 
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a systolic BP no higher than 120 mmHg and a diastolic BP no higher than 80 mmHg. 

Hypertension is defined as an systolic BP equal to or above 140 mmHg and/or diastolic BP 

equal to or above 90 mmHg, or currently taking prescription medication for raised BP. 

Normal levels of both systolic BP and diastolic BP are particularly important for the efficient 

function of vital organs such as the heart, brain and kidneys and for overall health and 

wellbeing [38]. Inaccurate BP readings may result in adverse effects and mismanagement of 

medications [39]. To minimise error, expert groups recommend that multiple measurements 

of BP should be made on each measurement occasion. The international guidelines for BP 

measurement are summarised in Table 1.1.  

High BP is the leading global risk factor for mortality in the world, and particularly for 

mortality from cardiovascular disease, with more than 9.4 million deaths every year caused by 

hypertension [40]. Global trends have shown a slight decrease in the mean systolic BP of 

populations since 1980 but with variation of trend across regions and countries [41]. The 

prevalence of hypertension is highest in the African Region at 46% of adults aged 25 and 

above, while the lowest prevalence at 35% is found in the Americas [38]. Overall, high-

income countries have a lower prevalence of hypertension at 35%  than lower-income 

countries at 40% [38].  In Asia, a recent study has highlighted the sizeable proportion with 

hypertension and the low rates of control in the populations of the region [42]. Raised BP is 

estimated to have caused 7% of the disease burden – as measured in DALYs − in 2010 [40]. 

If left  uncontrolled, hypertension causes stroke, myocardial infarction, cardiac failure, 

dementia, renal failure and blindness, causing human suffering and imposing severe financial 

and service burdens on health systems [38]. A reduction in systolic BP of 10 mmHg is 

associated with a 22% reduction in coronary heart disease and 41% reduction in stroke in 

randomized trials, and a 41–46% reduction in cardiometabolic mortality in epidemiological 

studies [38]. 

In Vietnam, there has been a gradual increase in prevalence of hypertension during the period 

2005 to 2018 [43]. Studies in Vietnam have examined the association between high BP and 

socio-demographic as well as biological characteristics [42, 44-48]. Factors found to be 

associated with high BP include greater age, poorer education, greater BMI and physical 

inactivity [42, 44, 48]. Tobacco smoking has been found to be associated with high BP or 

hypertension in some [25, 49] but not all  [44, 47, 50, 51] studies. There appears to be a strong 

association between BMI and mean BP [52-57] or prevalence of hypertension [49, 55]. 

However, high BP in most of these studies was diagnosed by single BP measurement. The 

international protocols recommend taking at least two BP measurements on two visits for 
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office BP to represent the patient’s BP [58]. In practice, the realities of busy clinics in 

Vietnam makes commonplace the taking of a single BP measurement. Whilst the accuracy of 

BP measurement plays a vital role in diagnosis and management of hypertension, no study to 

date has investigated this issue in Vietnam. More information about the potential for 

misclassification of BP, when only one BP measurement is used, is provided in this thesis. 

Elevated blood glucose (dysglycaemia) 

Elevated blood glucose (BG) is an intermediate condition in the transition between normal 

BG levels and diabetes (especially type 2 diabetes) [59]. BG is regarded as elevated if fasting 

plasma glucose is 6.1 mmol per litre (mmol/L) or greater. Diabetes is a group of metabolic 

diseases characterised by elevated levels of BG, which leads over time to serious damage to 

the heart, blood vessels, eyes, kidneys, and nerves [59]. The diagnostic criterion for diabetes 

is fasting plasma glucose ≥ 7.0 mmol/L – a diagnostic point selected on the basis of micro-

vascular complications such as diabetic retinopathy [59]. A classification of BG tolerance 

status based separately on fasting BG and 2-hour postprandial BG is presented in Table 1.2 

[60]. 

Elevation in fasting BG is an important determinant of the burden of NCDs, especially CVDs 

[23]. Mean fasting plasma glucose and diabetes prevalence are known to have been increasing 

in both developed and developing countries since 1980 [61]. The total burden of deaths from 

high BG in 2012 has been estimated to amount to 3.7 million [59]. This total includes 1.5 

million deaths from diabetes, and an additional 2.2 million deaths from CVDs, chronic kidney 

disease, and tuberculosis related to higher-than-optimal BG. Its magnitude highlights that 

high BG causes a large burden of mortality beyond those deaths directly caused by diabetes 

[59]. The largest number of deaths resulting from high BG occur in upper-middle income 

countries (1.5 million) and the lowest number in low-income countries (0.3 million) [59]. In 

2012, 43% of all deaths attributable to high blood glucose occur prematurely, before the age 

of 70 years – an estimated 1.6 million deaths worldwide. Globally, high blood glucose causes 

about 7% of deaths among men aged 20–69 and 8% among women aged 20–69 [59]. 

Impaired fasting glucose is considered to be a predictor of poor survival among heart failure 

patients [62], and there is a strong association between elevated glucose levels and elevated 

CVD risk [63]. A study of the association between BG and risk of CVD in the Asia Pacific 

region has found that a one mmol/l increase in fasting glucose is associated with a 21% (95% 

CI 18–24%) higher risk of stroke and 23% (95% CI 19–27%) higher risk of ischaemic heart 

disease, and with no difference between Asian and Australasian populations [64].
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Table 1.1. Recommendations for BP measurement according to different international guidelines 

BP level (mmHg) CHEP * NICE † ESH/ISH ‡ JNC-7 § ACC/AHA ‖ 

If BP1 <140/90 No further readings  No further readings  
  

 

If BP1 ≥140/90 • Take a 2nd reading • Take a 2nd reading 
  

 

If |ΔBP| > 10  • Take a 3rd reading 

• Discard BP1 

• Consider the average 

of BP2 and BP3 

• Take a 3rd reading 

• Discard BP1 

• Consider the lower 

of BP2 and BP3 

• Take a 3rd 

reading 

• Consider the 

average of BP1, 

BP2 and BP3 

 
 

    
At least 2 

readings 

At least 2 readings 

on at least 2 visits 

 

BP1 denotes the first reading of blood pressure (BP), BP2 denotes the second, and BP3 the third; |ΔBP| denotes the absolute difference 

between BP1 and BP2. 

* CHEP = Canadian Hypertension Education Programme. Hypertension. 

† NICE = National Institute for Health and Care Excellence. 

‡ ESH/ISH = European Society of Hypertension/International Society of Hypertension.  

§ JNC-7 = 7th report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.  

‖ ACC/ AHA = American College of Cardiology/American Heart Association 
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Table 1.2. Classification of blood glucose tolerance status 

 Plasma glucose (mmol/L) 

 Fasting  2-hour postprandial 

Diabetes ≥ 7.0 or ≥ 11.1 

Impaired glucose tolerance < 7.0 and 7.8 – 11.0 

Impaired fasting glucose 6.1 - 6.9 and < 7.8 

Normal < 6.1 and < 7.8 

Risk factors for elevated fasting glucose include greater age, higher BMI, hypertension and 

hyperlipidaemia [65, 66]. Importantly, hypertension in patients with diabetes causes a 

significant increase in the risk of vascular complications. Their co-existence accelerates 

development and progression of microvascular and macrovascular complications in patients 

with diabetes [67]. The estimation of causative factors associated with either hypertension or 

elevated BG in isolation may not be reliable because of the substantial overlap in etiologic 

and disease mechanisms [68]. This casts doubts on the findings of previous studies that have 

focused on estimation of associations with hypertension alone or with elevated BG alone as if 

they have independent biological mechanisms.  

Vietnam is at an early stage of the demographic and economic transition to more urbanised 

and affluent lifestyles. Mean BP and BG are lower in Vietnam than in Western countries, and 

so too are mean levels of BMI and WC, whilst the prevalence of smoking among men is high. 

Studies of risk factors for diabetes in Ho Chi Minh and Ha Noi have reported a rapid increase 

in mean levels of fasting glucose among Vietnamese people [69]. The increase in diabetes 

prevalence correlates with increases in adiposity, changes in dietary patterns, and declining 

levels of physical activity for women and for urban residents [70, 71]. The demographic and 

economic transition underway in Vietnam has important implications in the epidemiology of 

diabetes and cardiometabolic risk factors. Additionally, blood sugar was found to be 

positively associated with high BP among urban and semi-urban residents of Ho Chi Minh 

City [44]. It is known that elevated BG and hypertension are closely linked and jointly 

influenced by predisposing factors, and the presence of one increases chances of developing 

the other [72]. A limitation of previous studies conducted in Vietnam is that most were 

restricted to Hanoi, Ho Chi Minh City, or one of the other large cities and their surrounding 

areas even though 70% of the population lives in rural areas. The inter-dependence of 

elevated BG and hypertension was ignored in these previous studies. There remains a critical 

lack of population-based information about factors associated with elevated BG 
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independently of and jointly with raised BP. Using data from a nationally-representative 

survey, new information in this regard is provided in this thesis. 

Raised total cholesterol (hypercholesterolemia)  

Cholesterol is a fat-like substance that is transported in the blood in particles called 

lipoproteins. Cholesterol has been classified into the so-called "bad" cholesterol that is 

transported by low-density lipoprotein (LDL), and the so-called "good" cholesterol that is 

transported by high-density lipoprotein (HDL). LDL cholesterol makes up 60-70% of total 

blood cholesterol and is regarded as the major atherogenic lipoprotein. It is the primary target 

for cholesterol lowering therapy [73]. HDL cholesterol makes up 20–30% of total blood 

cholesterol. A normal or desirable cholesterol level is defined as less than 5.2 mmol/L (or 200 

mg/dL). Blood cholesterol is regarded as borderline harmful when it is in the range of 5.2 to 

less than 6.2 mmol/L (200 to 239 mg/dL). Raised TC is defined as having TC equal to or 

greater than 6.2 mmol/L (or 240 mg/dL). The medical term for high TC is lipid disorder, 

hyperlipidemia, or hypercholesterolemia [73]. The definition of raised TC used in the STEPS 

survey protocols designed by WHO is TC greater than 5.0 mmol/L [74].  

Raised TC is a major risk factor for ischemic heart disease and stroke. Fasting blood levels of 

TC are able to predict ischaemic heart disease and other NCDs [75-77]. There is a significant 

association between NCD mortality and TC at all BP levels [78]. In 2016, the Global Burden 

of Disease study reported that high concentrations of TC caused about 4·4 million deaths and 

93·8 million DALYs [79]. A third of ischaemic heart disease is attributable to high TC [79]. 

Globally, mean TC was highest in high income regions, and declined in developed countries 

but steadily increased in Asia and Pacific regions, between 1980 and 2008 [80]. In both Asian 

and non-Asian populations, a compilation of data from 16 countries has shown that 

associations of cholesterol with risk of CVD mortality are similar but that average cholesterol 

levels are lower in Asian countries than in their non-Asian counterparts [75]. Fasting TC is 

also significantly correlated with BMI and abdominal obesity with TC levels being higher for 

people who are overweight or have abdominal obesity than for those who are normal weight 

[77]. In some population groups, this may be more pronounced in earlier stages (24-45 years) 

of adult life [81]. Moreover, a study in Iran found an inverse association of TC with physical 

activity and with educational level [82]. 

As a developing country, Vietnam is at an early stage of economic development characterised 

by rapid urbanization coupled with the adoption of Western lifestyles [83]. Already there is 

evidence implicating affluent urban lifestyle as playing a role in raised levels of TC. One 
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study has found that mean TC among Vietnamese people is related to dietary fat intake [84]. 

In that study, fat intake and lipid status were associated with income levels: people having 

low incomes consumed less fat and had lower serum cholesterol levels than those with high 

incomes [84]. Age, higher waist-hip-ratio, overweight, cigarette smoking, alcohol 

consumption, sedentary lifestyle and diet were important determinants of raised TC, 

particularly among middle-aged women, in other studies [44, 85, 86]. These findings are 

consistent with those of studies conducted in Western countries [87-89]. Additionally, studies 

in Western countries have shown the TC of women to be affected by intrinsic physiologic or 

endogenous hormones. Mean levels of TC for middle-aged women increase during or 

following the menopausal transition [90], with this increase dampened for postmenopausal 

women treated by hormone replacement therapy (HRT) [91] irrespective of whether 

menopause is natural or surgically-induced. Whilst common in Western countries, the 

Vietnamese female population is naïve in respect of use of HRT. Age-related increases in TC 

for middle-aged women can be expected to be more pronounced and therefore more 

discernible in Vietnam than in Western countries. No study has investigated whether there are 

sex differences in mean TC in Vietnam, or what might explain them if there are. This thesis 

will provide information on sex-specific factors associated with TC in the Vietnamese adult 

population. 

 

1.3 Research gaps and contribution of this thesis 

The rationale for investigating gender differences 

Sex-differences in the mean levels or prevalence of NCD risk factors reflect the socio-

demographic and cultural characteristics of a country. In respect of Asian populations, there 

have been a limited number of previous studies of sex differences in markers of CVD risk, 

such as overweight or obesity and BP, in countries such as Japan  [92]  and China [93], but 

not in Vietnam, and none of these studies has used nationally-representative population-based 

data. This research deficit means that it is not possible to discount altogether the possibility 

that established knowledge and wisdom about NCD causal mechanisms accumulated from 

studies conducted in Western countries does not translate to Asian populations. In this thesis, 

sex differences in levels and prevalence of, and associations with, four markers of CVD risk – 

overweight or obesity, BP, BG and TC – will be investigated in respect of the Vietnamese 

population. Moreover, some characteristics of Asian populations – including that of Vietnam 

– further motivate these investigations. The specific characteristics are low prevalence of 
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smoking and alcohol intake by women, the greater similarity between Asian men and women 

than their Western counterparts in body size and fatness, and little use of HRT in the 

treatment of post-menopausal women. These specific characteristics may differentiate the 

associations of behavioural and biochemical factors with markers of CVD risk for women in 

Asian populations. Additionally or alternatively, the absence of confounding by these factors 

may de-attenuate the estimated associations with CVD risk either by making them more 

pronounced or allowing them to be more precisely measured. 

Therefore, all analyses in this thesis will be conducted separately for men and women.  

The research questions addressed in this thesis 

The following text presents the rationale for undertaking each study in this thesis based on a 

nationally-representative sample of the population in Vietnam. 

The importance of waist circumference and body mass index in cross-sectional 

relationship with risk of cardiovascular disease  

The WHO expert consultation on obesity concluded that multiple anthropometric indicators 

(BMI, WC, and WHR) are predictive of the risk of chronic disease [37]. There was no 

guidance on which should be used if only one was able to be monitored. The recommendation 

was that WC and WHR could be used alone or in conjunction with BMI [37]. The first 

research question investigated in this thesis was to probe which measure of body size or 

fatness should be monitored in Vietnam and whether it is necessary to make (more time-

intensive) measurements of WC. The investigation of this question may provide new 

perspectives in response to the emerging problem of obesity and related chronic diseases in 

Vietnam by adding to understanding of which measure of body size or fatness (BMI or WC) 

is most important in delineating risk of CVD, particularly in an Asian population with lower 

mean values of BMI and WC than found in Western populations. 

Misclassification of blood pressure of Vietnamese adults when only a single 

measurement is used  

Taking a single clinic measurement of BP is common in Vietnam because of limited medical 

resources. This practice is inconsistent with the ACC/AHA guidelines that recommend taking 

at least two BP measurements at two visits when assessing a patient’s BP [58]. The second 

research question of this thesis was to investigate how BP should be measured in Vietnam 

and, in particular, whether the (time-intensive) international protocols are ignorable and 

whether a single measurement is acceptable. This investigation provided an opportunity to 
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investigate the diagnostic accuracy of a single BP measurement, and to verify the utility of the 

international protocols, in an Asian population.  

The interdependence of blood pressure and glucose 

Previous modelling of associations of study factors with BP and BG has treated them as 

having independent biological mechanisms. This can lead to estimates of their association 

with study factors that may not be correct because of the substantial overlap in etiologic and 

disease mechanisms [68]. Moreover, mean BG and BP are lower in Vietnam than in Western 

countries, and so too are mean levels of BMI and WC, whilst the prevalence of smoking 

among men is high. It remains to be clarified what impact biological and environmental risk 

factors have on the BG and BP of Vietnamese people. The third research question of this 

thesis was to study which factors are associated with BG and systolic BP in representative 

data for the population of Vietnam when the relationships are estimated in a manner that takes 

account of the inter-dependence between BG and systolic BP. Studying the associations of BP 

and BG with BMI and WC whilst taking account of the inter-dependence between BP and BG 

could provide novel information on the existence or non-existence of a feedback loop and on 

the impact of body size and fatness. This will shed light on the importance of rising levels of 

obesity and central fat deposition for BG and BP in Vietnam. 

Factors that influence sex differences in total cholesterol of Vietnamese adults 

The mid-life emergence of higher levels of TC for women than for men has been observed in 

different Caucasian and Asian populations [94-96]. Additionally, in Western countries, 

studies have shown that levels of TC among middle-aged women can be affected by estrogen. 

The Vietnamese female population is naïve in respect of the use of hormone replacement 

therapy (HRT), which is common among post-menopausal Western women [91]. It is likely 

that age-related increases in TC for women are partly masked in Western countries and are 

more pronounced in Vietnam. Furthermore, any contribution of tobacco smoking and alcohol 

consumption would be specific to males in Vietnamese population because few of the women 

smoke or consume alcohol. The fourth research question of this thesis was to determine 

whether there is evidence of higher female-than-male mean levels of TC in Vietnam and, if 

so, whether it can be explained by ageing, by body size and fatness, or by socio-demographic 

characteristics and behavioural factors. Studying associations of TC with putative explanatory 

factors in a population-based sample from Vietnam could help to establish whether the age-

related increases in TC for women not masked by HRT can be explained by ageing, body size 

and fatness, socio-demographic characteristics or behavioural factors. 
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1.4 The STEPwise approach to surveillance of non-communicable 

diseases (STEPS) in Vietnam - data used in this thesis 

1.4.1. The WHO STEPS methodology 

The key of controlling NCDs is primary prevention based on comprehensive population-wide 

programs to reduce population exposure to behavioural risk factors augmented by targeted 

interventions for high-risk individuals [97]. Fundamental to this as a tool for monitoring 

trends and evaluating the success of intervention is a system for surveillance. From a primary 

prevention perspective, regular surveillance of the major risk factors that predict occurrence 

of NCDs is essential. Doing so provides information that is critical for assessing the extent of 

the problem, monitoring trends over time, and evaluating the impact of interventions.  

The WHO STEPwise approach to chronic disease risk factor surveillance (STEPS) is the 

WHO's recommended tool for surveillance of NCDs and their risk factors [74]. The 

methodology has been designed to allow countries to develop a comprehensive risk profile of 

their national populations. It provides an entry point for low- and middle-income countries to 

get started on NCD surveillance activities. It is also designed to help countries build and 

strengthen their capacity to conduct surveillance. 

The STEPS approach has been developed as a simple hierarchical system involving a minimal 

set of standardised measurements that provide comparability of core items over time and 

between countries yet allow sufficient flexibility for some of the information collected to be 

tailored to country needs. The rationale for this focus on core items is that small amounts of 

good quality data are more valuable than large amounts of poor data.  

The STEPS approach has three levels, and within each level, risk factor assessment is divided 

into core, expanded core and optional modules. Information on sociodemographic factors and 

behavioural risk factors is collected through self-reporting. Physical measurements of height 

and weight for BMI, WC and BP are made, and biochemical measurements are obtained for 

fasting BG and TC levels. 

 

Figure 1.3. The general concept of WHO STEPwise approach 
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The STEPS methodology includes standardised protocols for each measurement. Step 1 

involves obtaining questionnaire-based data on socio-demographic status, and lifestyle risk 

factors (tobacco and alcohol use, physical activity, and fruit and vegetable consumption) that 

have a major impact on health and are most amenable to intervention. Step 2 involves 

physical measures with height, weight, WC and BP as core items. Step 3 involves 

biochemical measures with fasting BG and TC as core items. Once the core items of Step 1 

are in place, and as resources permit, countries can add data items from Step 2 and/or Step 3. 

Expanded and optional data items can be added at any step to suit local needs. 

1.4.2.  The national NCD risk factor survey in Vietnam 

To provide fundamental information on NCD risk factors, a National NCD Surveillance 

System (NNSS) was established for collecting information that is representative of the entire 

population of Vietnam. As part of NNSS, the survey of NCD risk factor was conducted from 

June 2009 to May 2010 [74]. Using standardized instruments and protocols, information was 

collected in eight provinces that were chosen as being representative of the eight ecological 

and geographical regions of Vietnam (Figure 1.4).  

Study participants and sampling 

The survey participants were 25 to 64-year-old Vietnamese residents (n=14,706, response 

proportion 64.1% of the 22,940 eligible subjects) selected by multi-stage stratified cluster 

sampling from eight provinces (Thai Nguyen, Hoa Binh, Ha Noi, Hue, Binh Dinh, Dak Lak, 

Ho Chi Minh City and Can Tho) each representative of one of the eight geographical regions 

of Vietnam. Sampling procedures and measurements were made in accordance with the 

STEPS methodology [74]. The two-stage sampling procedure involved selecting 20 clusters 

(communes, towns, and city wards) from each of the eight geographically representative 

provinces with probabilities proportional to population size from four strata defined by urban-

rural location and rich-poor classification. For each selected cluster, the provincial health 

authority prepared a comprehensive listing of 25-64-year-old residents. From those lists, 

adequate numbers of persons per cluster were selected by age- and sex-stratified random 

sampling to provide 25 persons in each age group (25−34 years, 35−44 years, 45−54 years, 

55−64 years) and with approximately equal members of men and women. Clinics were 

conducted in the local health station of each participant’s area of residence. Interviewers were 

local medical personnel who were trained in the implementation of the WHO STEPS 

methodology. Training of field staff was conducted pre-survey at training centres in Ha Noi, 

Hue and Ho Chi Minh City, and on-site at regular intervals by local, national and international 
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supervisors. The eligible persons were invited to attend a clinic on a specific date, each clinic 

commencing in the early morning because overnight fasting was required, and questionnaire 

data were obtained by face-to-face interview at the survey clinics. Measurements were made, 

and questionnaires were administered, by trained staff of each provincial health authority. 

They underwent intensive training and supervision provided by the Menzies Institute for 

Medical Research, Australia. A pilot study was conducted to test survey instruments and 

procedures before actual data collection. All measurements were performed in accordance 

with the STEPS protocols.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4.  Eight provinces each represent one of the eight ecological regions of Vietnam 

Measurements 

Socio-demographic information and measurements of four behavioural factors (tobacco 

smoking, alcohol, fruit/vegetable consumption, and physical activity) were obtained using the 

STEPS questionnaire and categorised according to recommendations of the WHO [19]. 

Smoking status were categorised as never smokers, ex-smokers, and current smokers.  
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Alcohol intake status were categorised as low (< 4 standard drinks for men or <2 standard 

drinks for women), hazardous (4–6 standard drinks for men or 2–4 standard drinks for 

women), harmful (consuming at least 6 standard drinks for men or 4 standard drinks for 

women). The participants were asked about the number of days they usually ate fruit, and the 

number of days they usually ate vegetables (excluding root plants), in a typical week and how 

many ‘standard serving’ sizes they usually ate of each on those days. A ‘standard serving’ 

size of vegetables was defined as a cup of raw vegetables, a half cup of cooked or chopped 

raw vegetables or half cup of vegetable juice. A ‘standard serving’ size of fruit was defined as 

a piece of whole of fruit, a half cup of cooked, chopped or processed fruit or half cup of fruit 

juice and assumed to correspond to 80 grams. Physical activity were calculated as total time 

spent on work, transport and leisure time activities of each intensity, weighted by The Global 

Physical Activity Questionnaire-assigned Metabolic Equivalent Task (MET) energy 

expenditure ratios per kilogram per hour of 4 for moderate and 8 for vigorous intensity 

activities, and aggregated within and over domains. Activity levels were categorised as low 

(<600MET/week), moderate (>600MET/week), or high (>3000MET/week). The 

questionnaire was translated into Vietnamese and back translated to check the accuracy of 

wording of each item. An English translation of the STEPS instrument is presented in 

Appendix 6A, and the original WHO STEPS instrument is presented in Appendix 6B. 

Physical measurements included weight (in bare feet without heavy clothing measured using 

NuWeigh B8271 digital scales with the precision of 0.1 kg), height (in bare feet without 

headwear measured using a Seca 214 stadiometer with the precision of 0.1 cm), WC (at the 

narrowest point between the lower costal border and the iliac crest measured horizontally 

using a constant tension tape while standing), and hip circumference (at the greatest posterior 

protuberance of the buttocks measured using a constant tension tape) with the participants 

standing. 

Seated BP was measured by cuff at the midpoint of the right upper arm by trained staff using 

a validated Omron HEM 907 digital automatic BP monitor after participants had rested for at 

least 15 minutes. Two BP readings taken 3 minutes apart were obtained for all participants. A 

third reading was taken if there was a difference between the two readings of more than 25 

mmHg for systolic BP or more than 15 mmHg for diastolic BP. If a third measure was taken, 

the mean of the two closest measures was used; otherwise, the mean of the two measures was 

used. Biochemical measures included fasting BG and TC measured in capillary blood using a 

hand-held device (Roche Diagnostics Accutrend Plus glucometers). Participants who had not 

fasted were not tested for glucose or cholesterol. In total, 631 participants did not provide 
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blood for fasting glucose assessment and 651 participants did not have cholesterol 

measurements (Appendix 1A). For BP and fasting glucose, participants were excluded if they 

reported taking medication to lower BP or for diabetes respectively. Raised BP or 

hypertension was defined as systolic BP ≥140 mmHg and/or diastolic ≥ 90 mmHg or 

currently on medication for raised BP. Elevated BG was defined as capillary whole BG ≥ 6.1 

mmol/L or taking medications for raised BG. Raised TC was defined as TC ≥ 5.0 mmol/L.  

The protocol of this survey was approved by the Ethics Committee of the Ministry of Health 

of the Socialist Republic of Vietnam and by the Tasmanian Health and Medical Human 

Research Ethics Committee. Written informed consent was obtained from participants before 

collecting data. This survey was conducted by the Ministry of Health in collaboration with 

Menzies Institute for Medical Research, University of Tasmania, Australia, and the WHO. It 

was funded by The Atlantic Philanthropies Inc.  

The candidate was not involved in the design of the national survey of NCD risk factors in 

Vietnam or in the fieldwork. She managed the existing data set, took a prominent role in 

devising the research questions for this thesis, undertook analyses and interpretation of the 

data, prepared the first draft of each manuscript, and revised the manuscripts for publication. 

This thesis is her original work but with contributions by her supervisors particularly in 

respect of the grammar of the English language. 

 

 

 

 

 

                                                                                                       

                                                                                                      

 

  

             

 

 

 

 

 

Step 1: Questionnaires 

− Socio-demographic factors 

− Behavioural risk factors 

 

Step 2: Physical measurements 

− Height, weight, waist circumference 

− Blood pressure 

 

Step 3: Biochemical measurements 

− Fasting blood glucose 

− Fasting blood cholesterol 

 
 

Figure 1.5.  Fieldworkers carrying out step 1, 2, and 3 
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Sampling weights 

Sampling weights were calculated as the inverse probability of selection in the sample, 

calculated as the product of the probability that each cluster was chosen and the probability 

that each person from each selected cluster was chosen. Following is the brief description of 

sample weight. 

For probability of selection of a cluster, the clusters in each province were chosen with 

probability proportional to size of the total population of all ages within in strata of location 

(urban/rural) and income (rich/poor). For probability of selection of a person within a cluster, 

persons were selected from each cluster in age- and sex-stratified random sampling. Sampling 

weights for a province are the inverse of the probability of selection. To derive estimates for 

the entire country of Viet Nam, the sampling weights for each province have the effect of 

inflating the number of participants so that their sum for a province is equal to the population 

of 25–64-year-old in the province. The sum of the weights in the entire data set (aggregated 

over all 8 regions/provinces) was then equal to population of 25–64-year-old in Viet Nam.  

Other than for Table 1 in each chapter, which reports means and proportions of participants, 

the results in all chapters are derived from appropriately weighted and stratified analyses 

made using complex survey estimation methods provided by Stata version 15.0.  

1.4.3. Brief summary of results of the survey 

The survey report noted that the prevalence of ever-smoking was 74.9% among men and 

2.6% among women, and daily smoking among males was still very high at 56.4% [98]. 

Almost 60% of men and 4% of women consumed alcohol during the last week, and nearly 

40% of men were hazardous or harmful users [99]. About 80% of Vietnamese people were 

found not to eat five servings of fruit and vegetables each day in a typical week [100]. The 

number of people described as meeting WHO recommendations for physical activity by 

adults for their age comprised 72.9% of men and 69.1% of women [101]. In respect of 

overweight/obesity, there was a modest difference in mean WC between men and women but 

mean BMI, WHR and WHtR were similar; the prevalence of overweight or obesity by WHO 

criteria cut-points was 12.5% among men and 11.5% among women [102]. For BP, men had 

higher mean levels of BP (systolic BP, diastolic BP, pulse pressure, and mean arterial 

pressure) than women; and the proportion with hypertension was more than 50 percent higher 

among men than women (22.2% among men and 14.2% among women) [103]. For BG, the 

differences in glucose (higher for men on average) were not substantial; the prevalence of 

elevated glucose, defined as BG equal to or greater than 6.1 mmol/l, was 2.8% among men 
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and 2.6% among women [102]. For TC, there was not significant differences in TC (higher 

from women on average); the prevalence of raised TC, defined as TC equal to or greater than 

5.0 mmol/l, was 27.8% among men and 32.3% among women [102]. 
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1.5 Aims of this thesis 

This research has been designed to provide new knowledge that will help to overcome the 

critical lack of information about risk factors for NCD in Vietnam. The main aims were to 

study the occurrence of, and inter-relationships between, four pathophysiological risk factors 

– overweight and obesity, raised BP, elevated BG, and raised TC – and their associations with 

relevant socio-demographical and lifestyle factors. A particular focus was to investigate sex-

differences in the mean levels or prevalence of NCD risk factors and their relationships with 

predisposing factors. 

The structure of the thesis can be described as follows: 

Chapter 1:  Introduction 

This chapter provides the context for the investigation presented in this thesis. It includes a 

summary of the epidemiology of NCDs in Vietnam and the rationale for targeting NCD risk 

factors. It also gives a brief overview of WHO STEPS methodology, describes the national 

NCD risk factor survey in Vietnam that produced the data used in this thesis, and details the 

aim and the structure of the thesis.  

Chapter 2:  The importance of waist circumference and body mass index in cross-sectional 

relationships with risk of cardiovascular disease in Vietnam. 

This chapter presents evidence in respect of the relative and combined contribution of WC 

and BMI in the prediction of BP and hypertension, glucose and elevated glucose, and TC and 

raised TC in the Vietnamese population. It seeks to identify which indicator (BMI or WC) 

provides better discrimination and model calibration in estimation of CVD risk, and to 

investigate whether newly-proposed indices such as Body Adiposity Index (BAI), Abdominal 

Volume Index (AVI), Conicity Index (Cindex), and A Body Shape Index (ABSI) offer any 

improvement over BMI and WC. 

Chapter 3:  Misclassification of blood pressure of Vietnamese adults when only a single 

measurement is used. 

This chapter investigates within-person variability in BP measurements and identifies socio-

demographical characteristics, lifestyle behaviors and biomedical factors associated with BP 

variability. The differences between first and second BP readings are reported, and an 

examination is made of how often hypertension would be mis-diagnosed – relative to 

diagnosis based on both readings – when only the first BP measurement is made. 
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Chapter 4:  The interdependence of blood pressure and glucose in Vietnam 

This chapter examines the relationship of BP and BG with measures of obesity and central fat 

distribution and other factors whilst taking account of the inter-dependence between systolic 

BP and BG. It finds statistical evidence for a feedback loop between systolic BP and BG, and 

provides estimates of the contribution of BMI or WC to systolic BP and BG when account is 

taken of their reciprocal relationship. In so doing, it seeks to confirm the co-existence of 

elevated BP and BG in an Asian population. 

Chapter 5:  Factors that influence sex differences in total cholesterol among Vietnamese 

adults 

This chapter examines the effects of body fatness and fat distribution, sociodemographic 

characteristics and behavioural factors on gender differences in TC. It investigates whether 

there is evidence of higher female-than-male mean levels of TC in Vietnam and, if so, at what 

ages it occurs and whether it can be explained by ageing, by body size and fatness, or by 

socio-demographic characteristics and behavioural factors.  

Chapter 6:  Summary, implications, future directions and conclusions 

This chapter draws together the main findings and conclusions, summarizes the collective 

contribution of studies reported in the thesis, and presents recommendation for future 

research. 

 

1.6 Postscript 

The next chapter will present evidence about the occurrence of overweight and obesity in 

Vietnam, and findings about the separate and relative importance of two indices of body size 

and fatness – body mass index and waist circumference – in cross-sectional relationships with 

three risk factors for CVD: raised BP, elevated BG, and raised TC. 
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1.8 Appendix 1A:   Additional Table 1.1. Characteristics of survey participants 

Characteristics 

Those with biomarker measurements  Those without fasting glucose test  Those without fasting cholesterol test 

Men Women Men 
 

Women Men Women 

Age (years) 40.5  (10.2) 41.1  (10.5) 39.7 (10.0) 41.3 (10.9) 39.8 (10.0) 41.3 (10.9) 

Sex 49.1% (6804/14706) 50.9% (7902/14706) 52.4% (302/631) 47.6% (329/631) 52.8% (310/651) 47.2% (341/651) 

Smoking status             

   Never smoker 30.7% (2046/6782) 97.80% (7594/7886) 32.85 (83/300) 96.7% (313/329) 32.0% (80/308) 96.7% (325/341) 

   Ex-smoker 14.4% (1190/6782) 0.50% (70/7886) 11.3% (42/300) 1.1% (4/329) 11.4% (45/308) 1.1% (4/341) 

   Current smoker 54.9% (3546/6782) 1.70% (222/7886) 55.9% (175/300) 2.3% (12/329) 56.6% (183/308) 2.2% (12/341) 

Alcohol intake status             

   Low 59.3% (4148/6804) 97.4% (7643/7902) 57.2% (164/302) 96.6% (319/329) 57.2% (168/310) 96.8% (332/341) 

   Hazardous 16.6% (1104/6804) 1.8% (189/7902) 15.1% (49/302) 2.3% (7/329) 15.2% (51/310) 2.1% (6/341) 

   Harmful 24.1% (1552/6804) 0.9% (70/7902) 27.8% (89/302) 1.1% (3/329) 27.6% (91/310) 1.1% (3/341) 

   Servings per day (number) 3.2 (2.1) 3.2 (1.9) 3.1 (1.8) 3.0 (1.8) 3.2 (1.8) 3.0 (1.8) 

   <5 servings per day 81.6% (5591/6708) 81.7% (6486/7816) 82.8% (253/296) 84.9% (260/320) 82.2% (259/304) 84.7% (269/331) 

   >5 servings per day 18.4% (1117/6708) 18.3% (1416/7816) 17.2% (43/296) 15.1% (60/320) 17.8% (45/304) 15.3% (62/331) 

Physical activity              

   Total (MET- hours/week) 6946.2 (8480.4) 4667.2 (6753.9) 4692.2 (6657.6) 4049.5 (5901.6) 4686.1 (6644.7) 3985.3 (5858.7) 

   Activity level             

      Low 27.2% (1400/6557) 31.9% (1793/7668) 35.6% (87/286) 30.7% (106/321) 35.6% (90/292) 31.0% (109/333) 

      Moderate 20.7% (1253/6557) 28.1% (1918/7668) 22.9% (67/286) 31.2% (100/321) 23.2% (69/292) 31.1% (104/333) 

      High 51.7% (3904/6557) 40.0% (3957/7668) 41.6% (132/286) 38.1% (115/321) 41.3% (133/292) 37.9% (120/333) 

   BMI (kg/m²) 21.5 (3.1) 21.5 (3.0) 21.8 (3.3) 21.7 (2.9) 21.7 (3.3) 21.7 (2.9) 

   WC (cm) 74.8 (8.9) 71.7 (8.6) 76.8 (9.0) 72.9 (7.7) 76.6 (9.0) 72.9 (7.8) 

   Systolic BP (mmHg) 124.2 (16.5) 115.6 (16.4) 126.0 (17.8) 113.8 (16.9) 126.1 (17.7) 114.0 (16.8) 

   DBP (mmHg) 75.4 (11.8) 70.7 (10.8) 77.9 (11.8) 70.2 (11.2) 77.8 (11.8) 70.3 (11.2) 

   Glucose (mmol/L) 4.2 (0.9) 4.0 (1.1) -  -  -    

   Total cholesterol (mmol/L) 4.7 (0.7) 4.8 (0.7) -  -  -    
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Chapter 2. The importance of waist circumference 

and body mass index in cross-sectional 

relationships with risk factors for 

cardiovascular disease in Vietnam 

2.1 Preface 

Waist circumference is an indicator of intra-abdominal adipose tissue, high levels of which 

confer an increased risk of cardiometabolic disease. Population data on WC should be more 

informative than data on BMI, which is a general indicator of body size. There is not 

universal agreement on which measure, BMI or WC, is the more important predictor for 

chronic disease, particularly CVD. This chapter provides an evaluation of the importance of 

WC relative to BMI in cross-sectional relationships with BP, BG, and TC in the adult 

population of Vietnam. The contents of this chapter have been published in the PLOS ONE 

(1) 

2.2 Introduction 

Overweight and obesity is a predictor of the morbidity and mortality from CVD, diabetes, 

musculoskeletal disorders and some cancers (2, 3). In addition, excess abdominal obesity is 

associated with a range of metabolic abnormalities and CVD (4, 5). BMI is widely used in the 

diagnosis of overweight and obesity, whereas WC and indices based on WC ‒ such as WHR, 

and WHtR ‒ are employed as surrogate indicators of visceral obesity to predict morbidity and 

mortality at the population level (6-8). These anthropometric indices are used in 

epidemiological studies for population surveillance of risk factors for chronic disease (9) 

because they can be easily measured and at a low cost (10).  

In Western populations, there is not universal agreement on which measure, BMI or WC, is 

the more important predictor for chronic disease, particularly CVD. The consensus opinion is 

that BMI and WC provide different information for prediction of disease risk (8, 11). In Asian 

populations, CVD prevalence has been found to increase continuously with BMI in studies 

that measured BMI only (12, 13). However, there is emerging evidence that WC may be more 

important than BMI in predicting chronic disease including diabetes in Asian populations (14, 

15).  
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Using data from a nationally-representative population-based survey of risk factors for CVD 

in Vietnam, this study aimed to examine the relative and combined contribution of WC and 

BMI for the estimation of BP and hypertension, glucose and elevated glucose, TC and raised 

TC in the Vietnamese population and to identify which factor (BMI or WC) provides better 

discrimination of CVD risk. We also had the opportunity to investigate whether newly-

proposed indices such as Body Adiposity Index (16), Abdominal Volume Index (17), 

Conicity Index (18), and A Body Shape Index (19) offer any improvement over BMI and 

WC. 

2.3 Methods 

2.3.1  Study participants and sampling 

The survey participants, 25 to 64-year-old persons from eight provinces representative of the 

eight geographical regions of Vietnam, were selected by multi-stage stratified cluster 

sampling. In brief, two-stage cluster sampling was used to select 20 clusters (communes, 

towns, and city wards) from each of eight geographically-representative provinces with 

probabilities proportional to population size from four strata defined by urban–rural location 

and rich–poor classification. For each selected cluster, the provincial health authority prepared 

a comprehensive list of 25-64 years old residents. From those lists, 25 persons per cluster 

were selected in each age group (25−34 years, 35−44 years, 45−54 years, 55−64 years) and 

with approximately equal members of men and women. A total of 14706 respondents (64.1% 

of all eligible people) participated in the survey. Data were collected during 2009-10 using the 

“WHO STEPwise approach to surveillance of risk factors for non-communicable disease” 

(STEPS) methodology (20). Clinics were conducted in the local health station of each 

participant’s area of residence. Interviewers were staff of the provincial health authorities who 

were trained in the implementation of the STEPS methodology. Training of field staff was 

conducted pre-survey at training centres in Ha Noi, Hue and Ho Chi Minh city, and on-site at 

regular intervals by local, national and international supervisors. Eligible persons were invited 

to attend the clinic on a specific date, each clinic commencing in the early morning because 

overnight fasting was required. Data were collected and entered by trained staff of each 

provincial health authority. They underwent intensive training and supervision provided by 

the Menzies Institute for Medical Research, Australia. A pilot study was conducted to test 

survey instruments and procedures before actual data collection. All measurements were 

performed in accordance with the STEPS protocols. The study was approved by the Ethics 

Committee of Vietnam Ministry of Health and the Tasmanian Health and Medical Human 
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Research Ethics Committee. Written informed consent was obtained from participants before 

collecting data. 

2.3.2 Measurements 

Socio-demographic information and measurements of four behavioural factors (tobacco 

smoking, alcohol, fruit/vegetable consumption, and physical activity) were obtained using the 

STEPS questionnaire (20). The questionnaire was translated into Vietnamese and back-

translated to check the accuracy of wording of each item. Physical measurements included 

weight (in bare feet without heavy clothing measured using NuWeigh B8271 digital scales 

with the precision of 0.1 kg), height (in bare feet without headwear measured using a Seca 

214 stadiometer with the precision of 0.1 cm), WC (at the level of the mid-point between the 

inferior margin of the last rib and the iliac crest measured horizontally using a constant 

tension tape while standing), and hip circumference (at the greatest posterior protuberance of 

the buttocks measured using a constant tension tape while standing). With weight expressed 

in kilograms (kg), height expressed in metres (m) and girths expressed in centimetres (cm), 

we calculated BMI as weightheight2, WHR as WCHip, WtHR as WC(height×100), BAI 

as (Hip100)÷(height1.5)–18, AVI as [2×WC2+0.7×(WC–Hip)2]÷1000, CIndex as 

(WC 100) 0.109 weight height    , and ABSI as 
2 3(WC 100) BMI height   .   

BP was measured using an Omron HEM 907 digital automated BP monitor after participants 

had rested for at least 15 minutes. Two BP readings taken 3 minutes apart were obtained for 

all participants. The protocol stipulated a third reading to be taken if there was a difference 

between the two readings of more than 25 mmHg for systolic BP or more than 15 mmHg for 

diastolic BP. For BP measurement, if a third measure was taken, the mean of the two closest 

measures was used; otherwise, the mean of the two measures was used. After overnight 

fasting, BG and TC were measured from capillary whole blood using Roche Diagnostics 

Accutrend Plus glucometers. For BP and fasting glucose, participants were excluded if they 

reported taking medication to lower BP or for diabetes respectively. Raised BP or 

hypertension was defined as systolic BP ≥140 mmHg and/or diastolic ≥ 90 mmHg or 

currently on medication for raised BP. Elevated BG was defined as capillary whole BG ≥ 6.1 

mmol/L or taking medications for raised BG. Raised TC was defined as TC ≥ 5.0 mmol/L 

(20).  
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2.3.3 Data analysis 

Data were entered and coded in accordance with STEPS protocols (20). Sampling weights 

were calculated as the inverse probability of selection in the sample, calculated as the product 

of the probability that each cluster was chosen and the probability that each person from each 

selected cluster was chosen. Appropriately weighted and stratified estimates of means and 

proportions, and of regression coefficients, were made using complex survey estimation 

methods provided by Stata version 14.0 (ref.21).  

The associations of various anthropometric measures with continuous outcomes (systolic and 

diastolic BP, the logarithm of glucose and TC) were estimated by linear regression. Simple 

linear regression with a single covariate was used for continuous outcomes (Table 2.2) and 

univariable log binomial regression with a single covariate was used for binary outcomes 

(Table 2.3). To facilitate comparison between estimates, all continuous outcomes and 

anthropometric indices were transformed to age- and sex-specific z-scores. Poisson regression 

with robust standard errors (22) was used to estimate the coefficient of each anthropometric 

index in association with the dichotomous outcomes (hypertension, elevated glucose and 

raised TC). 

Logistic regression was used to estimate area under the curve (AUC), which quantifies the 

capacity of a marker or diagnostic test to discriminate between two groups of subjects (23, 

24). It was used to compare the discriminatory power of BMI and WC and of indices based on 

them in respect of identifying subjects with hypertension, elevated glucose and raised TC. An 

AUC of 1.0 indicates perfect positive discrimination, whereas an AUC of 0.5 indicates that 

the discriminatory power of the predictor is no better than chance alone. All analyses were 

conducted separately for men and women.  

Results are presented separately for men and women to better be able to take advantage of 

specific characteristics of the Vietnamese population including the low prevalence of smoking 

and alcohol intake by women, the greater similarity between men and women in Vietnam than 

their Western counterparts in body size and fatness, and the paucity of HRT in the treatment 

of post-menopausal women. These specific characteristics may differentiate the associations 

of behavioural and biochemical factors with markers of CVD risk for the women. 

Additionally, or alternatively, the absence of confounding by these factors may de-attenuate 

the estimated associations with CVD risk either by making them more pronounced or 

allowing them to be more precisely measured. 
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2.4 Results 

The characteristics of survey participants are summarised in Table 2.1. The men on average 

were heavier and taller than the women, but with similar mean BMI. They also had greater 

mean WC and hip circumferences, and greater WHR, than the women whose WC relative to 

height were nevertheless greater than those of the men on average. The men had greater mean 

AVI than the women, but with similar mean values of BAI, Cindex, and ABSI. The values of 

BMI and WC were highly correlated for men (r=0.85) and women (r=0.77). The men had 

greater mean systolic and diastolic BP, and the proportion with hypertension was more than 

50 percent higher among men than women. The differences in glucose (higher for men on 

average) and TC (higher from women on average) were not substantial.  

Mean values of systolic BP, diastolic BP, glucose and TC are depicted in Figure 2.1 for 

subjects cross-classified by WC and BMI. For this analysis, WC and BMI were each 

categorised into thirds. For men, the means appear to increase more sharply with WC 

category than with BMI category. For women, this is true only of glucose concentrations; for 

BP (systolic and diastolic alike) and for TC, the means appear to increase most sharply with 

BMI category. 

To confirm these observations, and to compare the results for other indices based on weight 

and girths, Table 2.2 shows the coefficients from the regression of standardised values of 

systolic and diastolic BP, the logarithm of glucose concentrations, and of TC concentrations 

on standardised values of weight, BMI, hip circumference, WC and measures based on these 

indices. The coefficient of WC or an index comprising WC was the largest in the regressions 

of each outcome for men, and of log (glucose) for women. For each of the other outcomes for 

women, the largest regression coefficient was that of either BMI or weight. Because the 

standardised coefficients are correlation coefficients, it can be inferred that the model R-

squared values follow the same pattern: higher for the WC models of men, and higher for the 

WC model of glucose for women, but otherwise higher for the BMI models for women. 

Focusing on WC and BMI because these were consistently strong predictors, adjusting one 

for the other greatly diminished the coefficient of BMI relative to that of WC among men. For 

women, this was true for glucose but not for systolic BP or TC. 
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Table 2.1. Characteristics of survey participants 

  Men (n=6 804)   Women (n=7 902) 

  Mean (95%CI)   Mean (95%CI) 

Age (years) 40.48 (40.25,40.71) 
 

41.03  (40.80,41.27) 

Weight (kg) 56.84 (56.38,57.29) 
 

49.86  (49.56,50.15) 

Height (cm) 162.48 (162.25,162.70) 
 

152.41  (152.20,152.63) 

BMI(kg/m2)* 21.48 (21.35,21.60) 
 

21.49  (21.39,21.60) 

WC (cm) 74.78 (74.36,75.20) 
 

71.72  (71.42,72.02) 

Hip (cm) 87.83 (87.56,88.10) 
 

86.93  (86.68,87.18) 

BAI -17.58 (-17.58,-17.58)  -17.54 (-17.54,-17.54) 

WHR† 0.85 (0.85,0.85) 
 

0.82  (0.82,0.83) 

WtHR‡ 0.46 (0.46,0.46) 
 

0.47  (0.47,0.47) 

AVI 11.52 (11.40,11.64)  10.69 (10.61,10.78) 

Cindex 1.16 (1.16,1.17)  1.16 (1.15,1.16) 

ABSI 0.08 (0.08,0.08)  0.08 (0.08,0.08) 

Systolic blood pressure (mmHg) 124.22 (123.46,124.98) 
 

115.61  (114.97,116.25) 

Diastolic blood pressure (mmHg) 75.42 (74.81,76.02) 
 

70.69  (70.21,71.16) 

Hypertension (%) 22.15 (20.58,23.73) 
 

14.32  (13.31,15.34) 

Glucose (mmol/L) 4.19 (4.13,4.24) 
 

4.04  (4.00,4.09) 

Elevated glucose (%) 2.78 (2.05,3.52) 
 

2.62  (2.14,3.19) 

Total cholesterol (mmol/L) 4.71  (4.68,4.75) 
 

4.78  (4.75,4.80) 

Raised total cholesterol (%) 27.80 (25.88,29.73)   32.27  (30.68,33.86) 

* Weight-to-(height)² ratio  

† Waist-to-hip ratio 

‡ Waist-to-height ratio  
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Figure 2.1. Mean values of systolic BP, diastolic BP, glucose and TC cross-classified in categories 

of BMI and WC 
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 Table 2.2. Coefficients from the regression of standardised values of systolic and diastolic blood pressure, logarithm of glucose, and total cholesterol on standardised values of the 

anthropometric indices* 

  Systolic BP   Diastolic BP   Glucose   Total cholesterol 

 Men   Women  Men   Women  Men   Women  Men   Women 

  

 

  

 

  

 

  

 

  

 

  

 

  

 

   

Weight 0.249 (0.19, 0.29)   0.189 (0.15, 0.23)   0.242 (0.20, 0.28)   0.230 (0.19, 0.27)   0.114 (0.05, 0.18   0.102 (0.06, 0.15  0.224 (0.18, 0.26)   0.209 (0.17, 0.25) 

BMI 0.253 (0.20, 0.31)  0.198 (0.16, 0.24)  0.244 (0.20, 0.29)  0.232 (0.19, 0.28)  0.121 (0.06, 0.18)  0.100 (0.06, 0.14)  0.252 (0.21, 0.29)  0.236 (0.20, 0.27) 

WC 0.255 (0.21, 0.31)  0.155 (0.12, 0.19)  0.284 (0.24, 0.33)  0.222 (0.18, 0.26)   0.129 (0.07, 0.19)  0.104 (0.07, 0.14)  0.279 (0.23, 0.33)  0.190 (0.15, 0.23) 

Hip 0.177 (0.13, 0.22)  0.105 (0.07, 0.14)  0.190 (0.15, 0.24)  0.184 (0.14, 0.22)  0.095 (0.03, 0.16)  0.069 (0.03, 0.11)   0.225 (0.18, 0.27)  0.167 (0.13, 0.20) 

BAI 0.144 (0.09, 0.19)  0.084 (0.05, 0.12)  0.139 (0.09, 0.18)  0.143 (0.11, 0.18)  0.083 (0.02, 0.15)  0.051 (0.02, 0.08)  0.211 (0.17, 0.25)  0.166 (0.13, 0.20) 

WHR 0.236 (0.19, 0.28)  0.137 (0.10, 0.17)  0.269 (0.23, 0.31)  0.168 (0.13, 0.20)  0.109 (0.06, 0.16)  0.096 (0.05, 0.14)  0.235 (0.18, 0.29)  0.132 (0.09, 0.17) 

WtHR 0.249 (0.20, 0.30)  0.149 (0.11, 0.19)  0.270 (0.23, 0.31)  0.210 (0.17, 0.25)  0.127 (0.06, 0.19)  0.099 (0.07, 0.13)  0.283 (0.23, 0.33)  0.194 (0.15, 0.24) 

AVI 0.250 (0.19, 0.31)  0.152 (0.11, 0.19)  0.280 (0.23, 0.33)  0.223 (0.18, 0.27)  0.134 (0.06, 0.20)  0.105 (0.07, 0.14)   0.276 (0.23, 0.33)  0.176 (0.12, 0.23) 

Cindex 0.182 (0.14, 0.22)  0.053 (0.02, 0.09)  0.240 (0.20, 0.28)  0.118 (0.08, 0.15)   0.099 (0.04, 0.16  0.065 (0.02, 0.11)  0.238 (0.18, 0.29)  0.087 (0.05, 0.13) 

ABSI 0.099 (0.06, 0.14)  -0.009 (-0.05, 0.03)  0.170 (0.13, 0.21)  0.048 (0.01, 0.09)  0.063 (0.01, 0.11)  0.035 (-0.01, 0.08)  0.165 (0.11, 0.22)  0.019 (-0.02, 0.05) 

BMI  
adjusted WC 0.128 (0.04,0.21)  0.200 (0.14,0.26)  -0.004 (-0.09,0.08)  0.167 (0.10,0.23)  0.037 (-0.04,0.11)  0.052 (-0.03,0.13)  0.041 (-0.04,0.12)  0.213 (0.16,0.27) 

WC  
adjusted BMI 0.144 (0.06,0.23)  0.005 (-0.06,0.07)  0.287 (0.21,0.37)  0.097 (0.03,0.16)  0.098 (0.02,0.18)  0.065 (-0.01,0.14)   0.244 (0.16,0.33)   0.031 (-0.02,0.08) 

*Data in bold denote statistically significant results. 

†β(95% CI)= standardised regression coefficient (95% confidence interval) 

β(95% CI)† β(95% CI)† β(95% CI)† β(95% CI)† β(95% CI)† β(95% CI)† β(95% CI)† β(95% CI)† 
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This effect of mutual adjustment of WC and BMI was even more pronounced when the continuous 

measures of BP, glucose and TC were replaced by binary measures of high BP (hypertension), 

elevated glucose and raised TC (see Table 2.3). For men, the coefficient of WC was not markedly 

changed on adjustment for BMI but the coefficient of BMI was diminished to near zero. For 

women, this was true for glucose but, for hypertension and raised TC, the coefficient of BMI was 

little changed on adjustment for WC whilst that of WC was diminished almost to zero by 

adjustment for BMI. Not shown in Table 2.3 is the inconsistent evidence of statistical interaction on 

the multiplicative scale between BMI and WC, particularly for men. These interactions were 

negative for hypertension (men p=0.028) and raised TC (men p=0.005, women p=0.028), but 

positive for elevated glucose (men p=0.001). The last indicates that the estimated cross-sectional 

associations of WC and glucose was stronger at higher levels of BMI. 

Finally, the cross-sectional effects of WC or BMI were independent of other cardiometabolic 

parameters. For example, the regression coefficient of WC in the regression of glucose was reduced 

by 10.9% (men) or 12.4% (women) by adjustment for systolic BP, and by 10.8% (men) or 10.2% 

(women) by adjustment for TC. 

Table 2.4 presents AUC in discrimination of hypertension, elevated glucose, and raised TC. 

Generally, the greatest values of AUC were for WC or an index based on WC, but for raised TC of 

women, discrimination by BMI was only slightly inferior. The AUC estimates of discrimination 

were only marginally greater for discrimination by WC and BMI together than for discrimination by 

WC alone. Other than for raised TC of women, the AUCs for WC within strata of BMI were less 

attenuated than the AUCs for BMI within strata of WC.
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Table 2.3. Coefficients from the regression of hypertension, elevated glucose and raised total cholesterol on standardised values of the anthropometric 

indices* 

  Hypertension   Elevated glucose   Raised total cholesterol 

  Men   Women   Men   Women   Men   Women 

  

 

     

 

         

Weight 0.262 (0.20, 0.33)  0.290 (0.22, 0.36)  0.463 (0.28, 0.65)  0.251 (0.12, 0.38)  0.305 (0.26, 0.35)  0.215 (0.17, 0.26) 

BMI 0.284 (0.21, 0.35)  0.309 (0.24, 0.38)  0.467 (0.28, 0.65)  0.215 (0.09, 0.34)  0.329 (0.28, 0.37)  0.240 (0.20, 0.28) 

WC 0.311 (0.24, 0.38)  0.246 (0.17, 0.32)  0.553 (0.42, 0.69)  0.330 (0.23, 0.43)  0.350 (0.30, 0.40)  0.176 (0.13, 0.22) 

Hip 0.190 (0.13, 0.25)  0.188 (0.12, 0.26)  0.306 (0.15, 0.46)  0.111 (-0.04, 0.26)  0.265 (0.19, 0.34)  0.169 (0.13, 0.21) 

BAI 0.174 (0.12, 0.23)  0.184 (0.12, 0.25)  0.260 (0.07, 0.45)  0.007 (-0.14, 0.15)  0.245 (0.18, 0.31)  0.171 (0.13, 0.21) 

WHR 0.318 (0.26, 0.38)  0.197 (0.13, 0.27)  0.638 (0.46, 0.81)  0.324 (0.21, 0.44)  0.293 (0.23, 0.35)  0.116 (0.07, 0.16) 

WtHR 0.313 (0.25, 0.38)  0.246 (0.17, 0.32)  0.539 (0.39, 0.69)  0.307 (0.21, 0.40)  0.352 (0.30, 0.40)  0.180 (0.13, 0.23) 

AVI 0.288 (0.21, 0.36)  0.191 (0.12, 0.26)  0.523 (0.43, 0.61)  0.241 (0.16, 0.32)  0.324 (0.27, 0.38)  0.142 (0.09, 0.19) 

Cindex 0.244 (0.19, 0.30)  0.123 (0.07, 0.18)  0.360 (0.25, 0.47)  0.249 (0.16, 0.34)  0.257 (0.19, 0.32)  0.074 (0.03, 0.11) 

ABSI  0.171 (0.12, 0.22)  0.039 (-0.02, 0.10)  0.296 (0.20, 0.39)  0.228 (0.14, 0.32)  0.175 (0.12, 0.23)  0.003 (-0.04, 0.05) 

BMI adjusted WC 0.064 (-0.00,0.13)  0.269 (0.19,0.34)  -0.023 (-0.16,0.12)  -0.038 (-0.14,0.06)  0.107 (0.06,0.16)  0.235 (0.19,0.28) 

WC adjusted BMI 0.255 (0.15,0.36)  0.063 (-0.02,0.14)  0.569 (0.38,0.76)  0.344 (0.21,0.48)  0.256 (0.14,0.37)  0.006 (-0.06,0.07) 

*Data in bold denote statistically significant results. 

† β(95% CI)= standardised regression coefficient (95% confidence interval)  

 

β(95% CI)†  β(95% CI)†  β(95% CI)†  β(95% CI)†  β(95% CI)†  β(95% CI)†  



Chapter 2 – Overweight and obesity 44 

 

  * BMI and WC were divided into thirds 

Table 2.4. AUC for discrimination of hypertension, elevated glucose and raised total 

cholesterol by anthropometric indices 

 Men   Women  

  Hypertension 

Elevated 

 glucose 

Raised  

cholesterol   Hypertension 

Elevated  

glucose 

Raised  

cholesterol 

Weight 0.598 0.620 0.638  0.622 0.599 0.605 

BMI  0.621 0.618 0.657  0.658 0.613 0.635 

WC 0.652 0.677 0.669  0.661 0.695 0.628 

Hip 0.584 0.589 0.634  0.581 0.536 0.587 

BAI 0.591 0.565 0.633  0.616 0.542 0.603 

WHR 0.670 0.709 0.645  0.671 0.743 0.618 

WtHR 0.660 0.671 0.672  0.675 0.698 0.638 

AVI 0.649 0.674 0.669  0.659 0.692 0.627 

Cindex 0.653 0.699 0.644  0.625 0.714 0.584 

ABSI 0.624 0.685 0.604   0.578 0.686 0.543 

BMI + WC 0.652 0.689 0.672  0.668 0.699 0.639 

Stratified by WC*       

BMI|Low WC 0.507 0.547 0.564  0.500 0.568 0.575 

BMI|Medium WC 0.525 0.573 0.561  0.558 0.519 0.568 

BMI|High WC 0.549 0.539 0.546  0.628 0.509 0.579 

Stratified by BMI*      

WC|Low BMI 0.615 0.672 0.587  0.556 0.688 0.547 

WC|Medium BMI 0.607 0.650 0.599  0.572 0.707 0.559 

WC|High BMI 0.602 0.648 0.591  0.600 0.649 0.556 



Chapter 2 – Overweight and obesity 45 

 

2.5 Discussion 

The key finding of this study was that WC or an index based on WC was more strongly 

associated with BP, glucose and TC for Vietnamese men, and with glucose for Vietnamese 

women, and provided better discrimination of hypertension, of elevated glucose in particular, 

and of raised TC for men, than BMI. WC is an indicator of central fat accumulation and the 

amount of intra-abdominal adipose tissue (IAAT), high levels of which confer an increased 

risk of cardiometabolic disease (25, 26). Hence, it might be expected that population data on 

weight or WC (or an index based on WC such as WHR or WtHR) would be more informative 

than data on BMI. Whilst BMI is strongly correlated with WC (27, 28), it is a general 

indicator of excess body weight relative to height, and the correlation of WC with IAAT is 

greater than that of BMI with IAAT (29). It is biologically plausible that men have greater 

central distribution of fat (as indicated by greater WC, WHR, and WtHR) relative to fatmass 

(as indicated by BMI) than women. In Asian populations as among Caucasians, men are 

prone to store visceral fat around the abdomen or organs, whereas women typically 

accumulate fat around the hips, buttocks and thighs (30, 31). This difference in fat distribution 

and fat storage can be responsible for different associations of WC and BMI with markers of 

CVD risk. Our study showed that BMI was a better indicator than WC for predicting BP and 

TC among women, whereas for men it was the reverse.  

WC has been endorsed by several leading national and international organisations as a key 

indicator of obesity-related health risk (32-34). This is supported by research findings for both 

Western (7, 35, 36) and Asian (11, 14, 37) populations. Some previous studies have shown 

WC to be a stronger predictor and/or better discriminator of CVD risk factors than BMI (38-

43). Others have found that WC performs better for men in United States (35), Japan (44), 

China (45-47), and Taiwan (48). WC has been found to be a stronger predictor and/or better 

discriminator of diabetes for women than BMI (49-51), but BMI performs better for women 

in Japan (44) and China (45, 46, 52) and Taiwan (48), and for Pima Indians, Native 

Americans form Arizona (53). In this nationally-representative sample of Vietnam, WC was 

more strongly associated with CVD risk for men and of glucose for women, whereas BMI 

was more strongly associated with BP and total cholesterol among women.  

BMI and WC are measured in population studies because they can predict CVD and CVD 

risk factors. However, each measure has its limitations. For example, WC is not independent 

of body frame (a tall and athletic person is likely to have a WC that would be considered to be 

high for a short person). For this reason, some investigators have made use of the WHR 
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and/or WtHR. We investigated four novel indices constructed also using manipulations of 

general or central obesity measures. These indices were AVI, BAI, Cindex, and ABSI. They 

allow other dimensions of body size and shape to influence the relationship between BMI or 

WC and CVD risk factors. Whilst AVI and Cindex provided improved discrimination of 

elevated glucose relative to BMI, the new indices did not provide stronger prediction or better 

discrimination than the best-performing traditional indicator. 

None of previous hypotheses about the relationships of BMI and WC with cardiometabolic 

risk is mutually exclusive, and thus their contribution to CVD risk factors is still debated (4). 

There is some new understanding provided by this paper in respect of recent debates. Firstly, 

one issue is whether WC predicts CVD risk as an independent factor. We found that WC 

independently associated with BP, glucose and TC for men, and with glucose for women. It 

provides incremental gains in model fit beyond that provided by BMI. Secondly, another 

issue is whether the effect of WC on CVD risk is stronger at higher levels of BMI (54). We 

found this to be true for elevated glucose in these cross-sectional analyses, but only for men 

and not for the other outcomes. Thirdly, we found evidence of strong dose–response in cross-

sectional associations over most of the entire range of values of WC and BMI, with no 

evidence of thresholds as some authors have speculated might exist (4, 55-57). Fourthly, 

whilst large population-based studies have found strong associations of WC and BMI with 

cardiometabolic outcomes, the relevant question is whether WC and BMI remains an 

independent predictor of risk after adjustment for other CVD risk factors. In our study, the 

estimated cross-sectional effect of WC or BMI was independent of BP and TC in estimation 

of glucose, of glucose and TC in estimation of BP, and of BP and glucose in estimation of 

TC. Finally, we found that four recently proposed indicators of risk of CVD and diabetes due 

to body shape and size (AVI, BAI, Cindex and ABSI) did not improve model fit or subject 

discrimination relative to the best performing traditional indicator. 

The study has several strengths. The data were collected from a nationally-representative 

survey of the Vietnamese population. The large sample was stratified by sex and rural/urban 

location, and the availability of data on a range of lifestyle risk factors for non-communicable 

disease made it possible to take account of confounding factors. To minimise random error 

and bias, the measurements were made by trained staff in accordance with standardised 

protocols designed specifically by WHO. We were able to test a wide range of indicators of 

body size and shape that have emerged from recent research. These included four further 

indices based on weight, height, hip, and WC, and constructed as ratios of circumference and 

stature.  
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However, there are limitations that need to be considered when interpreting the findings of 

this research. First, while participation was high for a study with overnight fasting and blood 

sampling, the possibility of non-participation bias cannot be discounted. Second, despite 

anthropometric and blood pressure measurements with automated equipment in accordance 

with strict protocols in this survey, measurement errors could have occurred for other reasons 

(such as faulty recall of medication use in treatment of hypertension or raised blood glucose). 

Finally, we were restricted to indices based on height and weight and two circumferences, 

eliminating from consideration those using other circumferences, skinfolds or metabolic 

parameters.   

2.6 Conclusion 

In conclusion, for these outcomes, WC was more informative than BMI for Vietnamese men, 

but both WC and BMI were important for Vietnamese women. Both WC and BMI need to be 

assessed for estimation of CVD risk in Vietnam. 

2.7 Postscript 

The results of this chapter show that the measurements of WC and BMI were highly 

correlated. For BP/hypertension, BG/elevated glucose, and TC/raised TC, WC was more 

informative than BMI for men, but both WC and BMI were important for women. 

Information on four new anthropometric indices did not improve model fit or subject 

discrimination. The next chapter will present the results of the potential misclassification of 

BP when only a single measurement is used. This chapter investigates within-person 

variability in BP measurements and identifies socio-demographical characteristics, lifestyle 

behaviors and biomedical factors associated with BP variability. The differences between first 

and second BP readings are reported, and an examination is made of how often hypertension 

would be mis-diagnosed when only a single BP measurement is made.   
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Chapter 3. Misclassification of blood pressure of 

Vietnamese adults when only a single 

measurement is used 

3.1 Preface 

Most international guidelines recommend using multiple BP measurements in diagnosis of 

hypertension. However, use of a single clinic measurement of BP may be common in LMICs 

because of limited medical resources. This issue has not been investigated in LMICs such as 

Vietnam, where the pressure of busy clinical practice makes routine the practice of taking 

only a single BP reading. In this chapter, the differences between first and second BP readings 

are reported, and a determination is made of the frequency with which hypertension would be 

mis-diagnosed – relative to diagnosis based on both readings – when only the first BP 

measurement is taken. The contents of this chapter have been published in Journal of 

American Society of Hypertension (1) 

3.2 Introduction 

High blood pressure is the leading global risk factor for mortality, and particularly mortality 

from cardiovascular disease, with more than 7 million deaths every year caused by high BP 

(2). Globally, there has been a slight decrease in mean systolic BP of populations since 1980 

but with variation of trend across regions and countries (3). In Asia, a recent study has 

highlighted the sizeable proportion with high BP and the low rates of control in the 

populations of the region (4). In Vietnam, there has been a gradual increase in prevalence of 

hypertension during the period from 1992 to 2009 (5, 6). In our national survey of Vietnam, 

the prevalence of hypertension in adults was 19.4% of men and 11.5% of women (7).  

Reflecting the importance of elevated BP, measurement of BP is recommended at each health 

care encounter. Inaccurate BP readings may result in adverse effects and mismanagement of 

medications (8). Under-estimation of true BP by 5 mmHg can lead to a 25% increase risk of 

fatal strokes and myocardial infarctions (9). Over-estimation of true BP may result in 

unnecessary or excessive medication and lead to drug effects, psychological harm, and 

unnecessary cost. To minimise error, expert groups recommend that multiple measurements 

should be made at each visit. For example, the American College of Cardiology/American 

Heart Association’s (ACC/AHA) guidelines recommend taking at least two BP measurements 

on two visits for office BP to represent the patient’s BP, with re-measurement taken after one 
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minutes of rest (10). In practice, the realities of busy primary care in resource-limited settings 

reduces the opportunity for multiple BP measurements in the typical physician-patient 

encounter. A systematic review of 67 countries showed that many patients have only a few 

minutes with their doctors (11). Most patients have only one BP measurement in each routine 

office or hospital encounter despite general awareness by clinicians of the variability in BP 

(12). In its own right, BP variability is associated with cardiovascular and mortality outcomes 

(13,14).   

Previous studies in developed countries have investigated the effects of misclassification of 

BP based on a limited number of measurements (15-17). Within-person variability in BP, and 

the concomitant errors in assessment of BP and elevated BP when assessment is based on a 

limited number of measurements of BP, have been studied in countries such as United States 

(16), England (17) and Australia (26). This issue has not been investigated in most low-

income countries (LICs) and lower middle-income countries (LMICs) where, due to stretched 

medical resources, reliance on a single BP measurement may be common (18). In this study, 

we examine the potential misclassification error in a representative sample of the Vietnamese 

population when only one BP measurement is used. We assess the differences between first 

and second BP readings and determine how often hypertension would be mis-diagnosed – 

relative to diagnosis based on both readings – when only the first BP measurement is taken. 

Additionally, an investigation is made of the demographic, physiological and behavioural 

characteristics of participants that might contribute to the differences. This study will provide 

the first objective verification of the extent of misclassification of diagnoses of hypertension 

based on two readings of BP taken at a single visit that is possible given the customary 

clinical practice in LMICs of taking a single BP measurement. The findings will contribute to 

an evidence-base for changes in clinical practice. 

3.3 Methods 

3.3.1. Study participants and sampling 

The survey participants (n=14,706, response proportion 64.1%) were selected by multi-stage 

stratified cluster sampling from eight provinces each representative of one of the eight 

geographical regions of Vietnam. Sampling procedures and measurements were made in 

accordance with the STEPS survey methodology of the WHO (19). The study was approved 

by the Ethics Committee of the Ministry of Health of Vietnam and the Tasmanian Health and 

Medical Human Research Ethics Committee. Written informed consent was obtained from 

participants. The details of this survey have been reported elsewhere (20). 
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3.3.2. Measurements 

The STEPS questionnaire was used to collect information on socio-demographic information 

and measurements of four behavioural factors (tobacco smoking, alcohol, fruit/vegetable 

consumption, and physical activity) (19). The questionnaire was translated into Vietnamese 

and back-translated to check the accuracy of the wording of each item. Face-to-face 

interviews were conducted with participants by trained staff of each provincial health 

authority. Physical measurements included weight (in bare feet without heavy clothing 

measured using NuWeigh B8271 digital scales with the precision of 0.1 kg), height (in bare 

feet without headwear measured using a Seca 214 stadiometer with the precision of 0.1 cm), 

WC (at the narrowest point between the costal border and the iliac crest at the mid-axillary 

line measured horizontally using a constant tension tape while standing), and hip 

circumference (at the greatest posterior protuberance of the buttocks measured using a 

constant tension tape) with the participants standing. Participants were asked about their 

history of raised BP (whether they were currently taking medication for hypertension 

treatment and whether they had been told by a health worker that they had high BP).  

Seated BP was measured by cuff at the midpoint of the right upper arm by trained staff using 

a validated Omron HEM 907 digital automatic BP monitor (21,22) after participants had 

rested for at least 15 minutes. Additionally, for quality control and calibration of equipment, 

the accuracy of each monitor was checked weekly by calibration it against a mercury 

sphygmomanometer. The electronic sphygmomanometer was considered accurate if the two 

results differed by less than 5mmHg. Two BP readings taken 3 minutes apart were obtained 

for all participants. For the analysis in this study, we used the average of systolic BP/diastolic 

BP of the first two readings. Data collection staff were local medical personnel including 

medical doctors who had been trained using the WHO STEPS manual. The same operator was 

responsible for all BP measurements of the same participant 

3.3.3. Data analysis 

WC and BMI were categorised according to cut-points for Asian population (23,24). WC was 

categorised as low (women: <70cm; men: <80cm), medium (women: 70-80cm; men: 80-

90cm), or high (women: >80cm; men: >90cm). BMI was calculated as weight (kg)  height2 

(m). Subjects were categorised as under-weight (BMI<18.5kg/m2), normal weight 

(BMI=18.5-23kg/m2), overweight_Asian (BMI=23-25kg/m2), overweight (BMI=25-30kg/m2) 

or obese (BMI>30kg/m2). Activity levels were calculated as total time spent on work, 

transport and leisure time activities of each intensity, weighted by The Global Physical 
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Activity Questionnaire-assigned Metabolic Equivalent Task (MET) energy expenditure ratios 

per kilogram per hour of 4 for moderate and 8 for vigorous intensity activities. Subjects were 

categorised as having low (<600MET/week), moderate (>600MET/week), or high 

(>3000MET/week) activity levels. Activity levels were categorised according to 

recommendations of the WHO (19). Raised BP or hypertension was defined as systolic BP 

(SBP) ≥140mmHg and/or diastolic BP (DBP) ≥ 90mmHg or currently taking prescription 

medication for raised BP (19). Pulse pressure (PP) calculated as SBP – DBP and mean arterial 

pressure (MAP) calculated as 1/3 × SBP + 2/3 × DBP (25), were investigated also. Elevated 

BG was defined as capillary whole BG ≥ 6.1mmol/L or taking medications for raised BG. 

Raised TC was defined as TC ≥ 5.0mmol/L (19). Means (continuous variables) and 

percentages (categorical variables) with 95% confidence intervals (CIs) were calculated. 

Differences in SBP (∆SBP calculated as SBP1 – SBP2) and DBP (∆DBP calculated as DBP1 

– DBP2) between the first (SBP1 and DBP1) and second (SBP2 and DBP2) measurements 

were calculated. The relationships between these differences and factors that might be 

associated with them were estimated by linear regression. The associations with the absolute 

values of the differences were markedly stronger than the associations with the signed 

differences (the first BP reading minus the second BP reading); these relationships were 

estimated by negative binominal regression rather than Poisson regression because the 

absolute differences displayed extra-Poisson variation. Classification of BP as raised or 

normal when based on the first measurement (SBP1 and DBP1) was compared with the 

classification that would have been made based on the average of the first and second 

measurements (SBP12 and DBP12). Data were analysed using complex survey estimation 

methods provided by Stata version 15.0.  

3.4 Results 

Selected characteristics of study subjects stratified by sex are presented in Table 3.1. 

Approximately 70% of the sample lived in rural areas. The men had greater mean WC than 

the women, but with similar mean BMI. Men also had higher mean levels of BP (SBP, DBP, 

PP and MAP) than women, and greater proportions of hypertensive individuals. The 

differences in BG (higher for men on average) and TC (higher from women on average) were 

not substantial. Higher proportions of the men had high activity levels. 
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Table 3.1. Characteristics of subjects  

  Men (n=6,804)   Women (n=7,902)  

 
 

Mean (SD) or  

% (95% CI)* 
  

Mean (SD) or  

% (95% CI)  

Age (years) 40.5 (10.2) 41.1  (10.5) 

Age group      

25-34 years (%) 35.9 (35.9,35.9) 34.2 (34.2,34.2) 

35-44 years (%) 30.5 (30.5,30.5) 29.2 (29.2,29.2) 

45-54 years (%) 22.9 (22.9,22.9) 24.0 (24.0,24.0) 

55-64 years (%) 10.8 (10.8,10.8) 12.6 (12.6,12.6) 

Residential areas     

Urban (%) 29.8 (29.8,29.8) 30.8 (30.8,30.8) 

Rural (%) 70.2 (70.2,70.2) 69.2 (69.2,69.2) 

Body mass index (kg/m2)† 21.5 (3.1) 21.5  (3.1) 

Underweight (%) 15.0 (13.5,16.4) 14.5 (13.1,15.9) 

Normal weight (%) 58.0 (56.0,59.9) 58.9 (57.4,60.4) 

Overweight_Asian (%) 14.6 (13.4,15.9) 15.1 (14.0,16.4) 

Overweight (%) 11.3 (10.0,12.7) 10.4 (9.4,11.5) 

Obese (%) 1.2 (0.7,1.6) 1.0 (0.7,1.4) 

Waist circumference (cm)‡ 74.9 (8.9) 72.0  (8.6) 

Low WC (%) 72.1 (70.3,73.9) 42.2 (40.5,44.0) 

Medium WC (%) 21.4 (19.9,23.0) 40.2 (38.6,41.8) 

High WC (%) 6.5 (5.6,7.5) 17.6 (16.5,18.8) 

Systolic blood pressure (mmHg) 124.1 (16.6) 115.2 (16.2) 

Diastolic blood pressure (mmHg) 75.3 (11.9) 70.4  (10.8) 

Pulse pressure 48.8 (9.6) 44.8 (9.6) 

Mean arterial blood pressure 91.6 (12.9) 85.3 (12.0) 

Hypertension (%) 22.2 (20.6,23.7) 14.3  (13.3,15.3) 

Glucose (mmol/L) 4.2 (1.0) 4.0  (1.1) 

Elevated glucose (> 6.1 mmol/L) (%) 2.8 (2.1,3.5) 2.6  (2.1,3.2) 

Total cholesterol (mmol/L) 4.7  (0.7) 4.8  (0.7) 

Raised cholesterol (> 5 mmol/L) (%) 27.8 (25.9,29.7) 32.3  (30.7,33.9) 

Activity levels      

Low (%) 27.6 (25.7,29.5) 31.9 (30.3,33.4) 

Moderate (%) 20.7 (19.1,22.3) 28.1 (26.7,29.6) 

High (%) 51.7 (49.4,54.0) 40.0 (38.5,41.6) 

*Proportions and means are weighted to provide population estimates (95% confidence interval) 

† Body mass index classified as underweight (BMI <18.5 kg/m2), normal weight (BMI=18.5-23  

kg/m2), overweight_Asian (BMI=23-25 kg/m2), overweight (BMI=25-30 kg/m2), and obese (BMI> 
30 kg/m2) 

‡Waist circumference classified as low (women: <70 cm; men:<80 cm), medium (women: 70-80 cm; 

men: 80-90 cm), and high (women: >80 cm; men: >90 cm) 
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Table 3.2 presents mean BP and mean differences of the two measurements. The first 

readings were higher than the second readings by 2.3mmHg (SBP) or 1.3mmHg (DBP) on 

average. The mean ∆SBP was twice that of mean ∆DBP. Men had higher SBP and DBP than 

women for both BP reading 1 and 2, but with similar mean ∆SBP and ∆DBP. For ∆SBP from 

SBP1 to SBP2, 62.7% (95% CI= 61.3, 64.0) of the population had a decrease, 30.0% (95% 

CI=28.8, 31.1) had an increase, and 7.33% (95% CI=6.5, 8.1) had no change. For ∆DBP from 

DBP1 to DBP2, 57.1% (95% CI=55.7, 58.5) of the population had a decrease, 32.3% (95% 

CI= 31.1, 33.5) had an increase, and 10.56% (95% CI=9.6, 11.4) had no change. For ∆SBP, 

27.3% (95% CI=26.1, 28.5) had a decrease of at least 5mmHg, 9.6% (95% CI=8.8, 10.5) had 

an increase of at least 5mmHg and 63.14% (95% CI=61.8, 64.5) had no change. For ∆DBP, 

15.8% (95% CI=14.9, 16.7) had a decrease of at least 5mmHg, 6.3% (95% CI=5.6, 7.0) had 

an increase of at least 5mmHg and 77.9% (95% CI=76.8, 78.9) had no change.  

Table 3.2. Mean blood pressure and difference of two measurements 

  Men  Women 

Systolic BP     

First reading: mean (SD) mmHg 126.2 (18.1) 117.9 (18.4) 

Second reading: mean (SD) mmHg 123.9 (17.4) 115.6 (17.8) 

SBP1 less SBP2: mean (SD) mmHg 2.3 (7.1) 2.3 (7.2) 

Second reading lower (%) 63.6% (4,241/6,797) 61.8% (4,753/7,894) 

No difference (%) 8.1% (525/6,797) 6.6% (566/7,894) 

Second reading higher (%) 28.3% (2,031/6,797) 31.6% (2,575/7,894) 

Diastolic BP     

First reading: mean (SD) mmHg 76.4 (12.6) 72.0 (11.9) 

Second reading: mean (SD) mmHg 75.2 (12.4) 70.6 (11.7) 

DBP1 less DBP2: mean (SD) mmHg 1.2 (5.1) 1.4 (4.8) 

Second reading lower (%) 57.1% (3,725/6,797) 57.2% (4,353/7,894) 

No difference (%) 10.3% (777/6,797) 10.8% (884/7,894) 

Second reading higher (%) 32.6% (2,295/6,797) 32.0% (2,657/7,894) 

No difference defined as SBP1-SBP2=0mmHg or DBP1-DBP2=0mmHg 

Second reading lower defined as SBP1-SBP2 > 0mmHg or DBP1-DBP2 > 0mmHg 

Second reading higher defines as SBP1-SBP2 < 0mmHg or DBP1-DBP2 < 0mmHg 
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The distributions of differences between first readings and second readings are depicted in 

Figure 3.1. For most participants, the change was within 2mmHg but there were some 

individuals with very large changes (>25mmHg for ∆SBP and >15mmHg for ∆DBP). The 

differences in SBP (calculated as SBP1 – SBP2) increased with SBP1 and this trend was 

stronger for younger persons (interaction p<0.001). This modifying effect of age was not 

apparent for the absolute value of the differences. 

Table 3.3 presents factors associated with the differences between BP reading 1 and 2. 

Overall, the signed differences were smaller than the absolute differences, and factors 

underlying BP variability only came to light with absolute differences as the outcome. 

Respondents with higher absolute BP differences of either or both of SBP and DBP were 

those of greater age and those living in urban areas, having higher levels of BMI or WC, 

having lower levels of physical activity, having elevated glucose, or having raised TC. Age, 

BMI, WC and TC independently predicted absolute difference of SBP and DBP. 

Table 3.4 shows age-specific prevalence of elevated BP at first reading and reclassification 

using the mean of two BP values.  Overall, 15.3% (3024/1407) of subjects were classified as 

having high SBP1, 11.2% (2050/14706) had high DBP1, and 17.7% (3402/14693) had high 

SBP1 and/or high DBP1. These percentages increased with age category and were 4-5 times 

greater for 55-64 years old than for 25-34 years old. Overall, 18.7% (426/3024) of subjects 

with high SBP1 were re-classified as having normal SBP based on the mean (SBP12) of two 

readings, 17.4% (330/2050) of subjects with high DBP1 were re-classified as having normal 

DBP based on the mean (DBP12) of two readings, and 18.6% (506/3402) of subjects with 

high SBP1 and/or high DBP1 were classified as having normal BP based on the means 

(SBP12/DBP12). The percentage reclassification was higher at younger ages, but only 

because their initial BP was lower (relatively more of the younger subjects with elevated BP 

were close to the 140/90 mmHg cut-points, and therefore liable to a change in diagnosis if the 

second reading was lower). The prevalence and reclassification using the ACC/AHA 

guidelines of 2017 are shown in Supplementary Table 3.1. 
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Figure 3.1a. Frequency distribution of differences between SBP reading 1 and SBP reading 2 

(SBP1-SBP2) 

 

Figure 3.1b. Frequency distribution of differences between SBP reading 1 and SBP reading 2 

(DBP1-DBP2) 
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Table 3.3. Absolute differences of BP1 and BP2 and associated factors 

  Men   Women  

  |ΔSBP|   |ΔDBP|   |ΔSBP|   |ΔDBP|  

 Mean (95% CI)† Mean (95% CI)† Mean (95% CI)† Mean (95% CI)† 

Age group         

25-34 years 4.7 (4.4,5.1) 3.7 (3.4,4.0) 4.6 (4.3,5.0) 3.8 (3.6,4.0) 

35-44 years 5.1 (4.6,5.6) 3.5 (3.2,3.7) 5.3 (4.9,5.6) 3.7 (3.5,3.9) 

45-54 years 5.3 (4.9,5.8) 3.8 (3.5,4.1) 5.9 (5.5,6.3) 3.6 (3.4,3.8) 

55-64 years 6.1 (5.7,6.6) 3.9 (3.6, 4.2) 6.1 (5.7,6.4) 3.8 (3.6,4.1) 

Trend p<0.000 p=0.335 p<0.000 p=0.505 

Residential areas         

Urban 5.7 (5.4,6.0) 4.0 (3.7,4.2) 5.9 (5.6,6.2) 4.0 (3.8,4.2) 

Rural 4.9 (4.6,5.2) 3.5 (3.4,3.7) 5.1 (4.8,5.3) 3.6 (3.5,3.7) 

P-value p<0.000 p=0.007 p<0.000 p<0.000 

Body mass index         

Underweight  4.6 (4.1,5.0) 3.3 (3.0,3.7) 4.7 (4.4,5.1) 3.4 (3.1,3.7) 

Normal weight 5.0 (4.7,5.3) 3.6 (3.4,3.8) 5.2 (5.0,5.5) 3.7 (3.5,3.8) 

Overweight_Asian 5.5 (5.0,6.1) 3.8 (3.4,4.2) 5.8 (5.2,6.3) 3.7 (3.5,3.9) 

Overweight  6.1 (5.4,6.9) 4.2 (3.8,4.7) 6.1 (5.6,6.6) 4.4 (4.0,4.7) 

Obese  5.7 (4.2,7.2) 3.6 (2.7,4.5) 5.9 (4.9,6.8) 5.0 (4.0,6.1) 

Trend p<0.000 p=0.001 p<0.000 p<0.000 

Waist circumference         

Low WC  4.9 (4.6,5.1) 3.5 (3.4,3.7) 4.9 (4.6,5.1) 3.6 (3.5,3.8) 

Medium WC 5.8 (5.2,6.3) 4.0 (3.6,4.3) 5.5 (5.2,5.8) 3.7 (3.5,3.8) 

High WC 6.2 (5.4,6.9) 4.1 (3.6,4.6) 6.0 (5.6,6.4) 4.1 (3.8,4.3) 

Trend p<0.000 p=0.005 p<0.000 p=0.022 

Elevated glucose         

<6.1mmol/L 5.1 (4.9,5.3) 3.6 (3.5,3.8) 5.3 (5.1,5.5) 3.7 (3.6,3.8) 

>6.1mmol/L 6.0 (5.0,7.0) 4.2 (3.3,5.1) 6.6 (5.5,7.7) 3.8 (3.2,4.4) 

P-value p=0.067 p=0.067 p=0.015 p=0.679 

Raised total cholesterol        

<5mmol/L 5.0 (4.7,5.2) 3.6 (3.5,3.8) 5.2 (5.0,5.5) 3.60 (3.5,3.7) 

>5mmol/L 5.6 (5.2,6.0) 3.6 (3.4,3.8) 5.6 (5.3,5.9) 3.90 (3.7,4.1) 

P-value p=0.007 p=0.732 p=0.033 p=0.023 

Activity levels         

Low 5.1 (4.7,5.5) 3.9 (3.6,4.2) 5.6 (5.2,6.0) 4.0 (3.8,4.3) 

Moderate 5.5 (5.1,6.0) 3.9 (3.6,4.2) 5.6 (5.3,5.9) 3.8 (3.6,4.0) 

High 4.9 (4.6,5.2) 3.5 (3.3,3.7) 4.8 (4.6,5.1) 3.4 (3.2,3.6) 

Trend p=0.192 p=0.011 p=0.001 p<0.000 

|ΔSBP| denotes absolute differences between the first systolic blood pressure and second 

systolic blood pressure 

|ΔDBP| denotes absolute differences between the first diastolic blood pressure and second 

diastolic blood pressure
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Table 3.4. Prevalence of hypertension at first BP reading and reclassification using the mean of two BP values, by age group 

 25-34 years 35-44 years 45-54 years 55-64 years Overall 

Systolic BP           

Normal SBP1 93.2%  (2,954/3,168) 87.2% (3,111/3,591) 77.6% (3,031/3,937) 66.8% (2,584/4,010) 84.7% (11,682/14,706) 

High SBP1 6.8% (214/3,168) 12.8% (480/3,591) 22.4% (906/3,937) 33.2% (1,426/4,010) 15.3% (3,024/14,706) 

Reclassification           

From normal SBP1 to high SBP12 0.0% (4/2,954) 0.2%  (10/3,111) 0.9% (24/3,031) 1.7% (35/2,584) 0.4% (73/11,682) 

From high SBP1 to normal SBP12 28.4% (60/214) 26.1% (105/480) 14.2% (108/906) 11.4% (153/1,426) 18.7% (426/3,024) 

Diastolic BP           

Normal DBP1 95.2% (3,022/,3168) 90.0% (3,220/3,591) 82.5% (3,266/3,937) 79.0% (3,146/4,010) 88.8% (12,656/14,706) 

High DBP1 4.8% (146/3,168) 10.0% (371/3,591) 17.5% (671/3,937) 21.0% (864/4,010) 11.2% (2,050/14,706) 

Reclassification           

From normal DBP1 to high DBP12 0.0% (3/30,22) 0.7% (12/3,220) 0.7% (22/3,266) 0.9%  (27/3,146) 0.5% (64/12,656) 

From high DBP1 to normal DBP12 28.0% (47/146) 17.1% (64/371) 15.1% (101/671) 14.4% (118/864) 17.4% (330/2,050) 

Systolic BP/Diastolic BP           

Normal SBP1/DBP1 91.7% (2,904/3,166) 84.5% (3,008/3,587) 74.5% (2,903/3,933) 63.7% (2,476/4,007) 82.2% (11,291/14,693) 

High SBP1 or DBP1 8.3% (262/3,166) 15.5% (579/3,587) 25.5% (1,030/3,933) 36.3% (1,531/4,007) 17.8% (3,402/14,693) 

Reclassification           

From normal SBP1/DBP1 to high 

SBP12/DBP12 
0.1% (6/2,904) 0.3% (8/3,008) 0.7% (22/2,903) 1.4% (28/2,476) 0.4% (64/11,291) 

From high SBP1/DBP1 to normal 

SBP12/DBP12 
31.7% (77/262) 20.6% (117/579) 14.8% (137/1,030) 12.7% (175/1,531) 18.6% (506/3,402) 

SBP1 denotes the first reading of systolic blood pressure; DBP1denotes the first reading of diastolic blood pressure 

SBP12 denotes the average of first and second readings of systolic blood pressure; DBP12 denotes the average of first and second readings of 

diastolic blood pressure 
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3.5 Discussion 

A key finding of this study was that there is considerable bi-directional variability in the 

repeated measures of BP among the population of Vietnam. Around 60% of participants in 

this survey had a lower second-than-first BP reading by automatic monitor, while 30% had a 

higher second-than–first reading. Moreover, around 27% had a reduction of at least 5mmHg 

in systolic BP whilst 10% had an increase of at least 5mmHg. Irrespective of direction of 

change, increased variability in BP was associated with greater age, urban living, greater body 

size and fatness, reduced physical activity levels, elevated glucose, and raised TC. A 

consequence of these changes is that it would be unsafe to diagnose hypertension based on a 

single reading because almost 20% of subjects would receive a different diagnosis based on 

the mean of two readings.  

The overall findings are broadly consistent with those of previous studies. Veloudi at el (26) 

identified bi-directional variability in the BP of the Australian population and found similarly 

that the change from SBP1 to SBP2 was greater at higher levels of SBP1 and particularly for 

younger persons. The proportions with changes greater than 5mmHg were broadly consistent 

also. The point of difference was that the modifying effect of age was less pronounced when 

absolute values of the differences were used as the outcome.  Our finding, and that of Veloudi 

at el (26) that the values of BP were mostly higher for the first measurement, is in line with 

the findings of previous studies (27, 28). Moreover, our mean difference of BP between first 

and second reading was similar to the results of study in northern Japan (29), but lower than 

those of a study in eastern Canada (30) for which the first reading was on average 7mmHg 

higher than the second reading. 

We found that BP decreased on the second occasion for 61.2% of participants, remained 

unchanged for 7.4% of participants, and increased for 31.4% of participants (see Table 3.2). 

These proportions approximate reasonably well those found in clinical studies in Western 

countries. Thus, what was observed is a general phenomenon that has been reported 

previously. This concordance between my results and multiple previous reports offers 

reassurance that my research findings have relevance for clinical practice but does not amount 

to a strong case for including additional discussion of this often-reported aspect of BP 

physiology. 

When BP variability was assessed as change irrespective of direction, the unsigned (absolute) 

differences were positively associated with greater age and several markers or outcomes of 

urbanised lifestyle including cardiometabolic abnormalities. These associations were not 
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apparent with signed changes as the outcome, because the associations with influencing 

factors were in the same direction irrespective of whether the BP change was positive or 

negative, and hence were being offset against each other in the analysis of signed differences. 

The associations found for absolute BP change as a measure of variability is consistent with 

the findings of studies (31, 32) that have used the standard deviation (SD) of BP as an index 

of variability, because the SD is based on a sum of squares that takes the sign of the difference 

out of play. It is consistent also with the findings of a study (33) that used the average of the 

absolute difference between consecutive measurements of BP as the variability index. On the 

other hand, some studies (34, 35) using SD of BP as a measure of variability have failed to 

identify associations with risk factors. Explanation of the inconsistent results may lie in the 

limitations of the SD index. It does not reflect the time series nature of the BP signal, and may 

be more sensitive to the relatively low sampling frequency of the ambulatory BP monitoring 

devices (36).  

The ACC/AHA’s guidelines recommend taking at least two BP readings on at least two 

occasions in diagnosing hypertension (10). The Canadian Hypertension Education Program 

(CHEP) and National Institute for Health and Care Excellence (NICE) guidelines require a 

second BP reading only if the first measurement exceeds the 140/90mmHg threshold (37-39). 

This is the first study in a LMIC to investigate the misclassification of diagnosis of 

hypertension based on the number of BP readings taken. We found that false positives in the 

diagnosis of hypertension from a single BP reading – relative to diagnosis based on two 

readings taken at a single visit – were much more common than false negatives, and that the 

false negatives were really quite rare. These findings are similar to those of some studies in 

developed countries (14-16, 40-42). In the context of a screening test, our results would be 

reassuring if it was the case that every instance of a high initial reading was followed up by 

further investigation involving multiple BP readings. We cannot be certain that this is the case 

in a LMIC in which medical resources are stretched. Doing so is a challenge for clinics and 

hospitals in Vietnam where a single BP measurement is usually used to diagnose hypertension 

because of the pressure of queues of waiting patients, but it should lower cost by improving 

the precision of diagnosis of hypertension.  

This study has several strengths. The participants were a large nationally representative 

sample of the population of Vietnam. All measurements were made by trained staff in 

accordance with standardised protocols designed by the WHO. The BP measurements were 

made by well-calibrated automatic BP monitors not subject to human error if the cuff is 

positioned properly. However, this study has some limitations. First, whilst participation was 
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high for a study with overnight fasting, blood sampling and nearly two hours of onsite 

attendance, the possibility of non-participation bias cannot be discounted. Second, the results 

of this study cannot generalise to the new 2017 protocol of ACC/AHA (9). The data were 

collected in accordance with the WHO STEPS protocol in 2008. Neither protocol is likely to 

be observed in busy clinics and hospitals in Vietnam. Third, the new ACC/AHA protocol 

requires measurement of BP on the arm with the highest reading if there are inter-arm 

differences. The STEPS protocol required measurement on the right arm only, and this may 

have led to underestimation of the BP of some people. Finally, data were collected by a 

different data collection team in each province and inter-team measurement variation cannot 

be excluded. 

3.6 Conclusions 

In conclusion, there was considerable bi-directional BP variability of the Vietnamese 

population, but only absolute differences were positively associated with greater age and 

several markers or outcomes of more affluent lifestyle including cardiometabolic 

abnormalities. These changes would lead to misclassification of participants’ BP in diagnosis 

of hypertension based on a single BP measurement. 

3.7 Postscript 

The key results of this chapter are that there is considerable bi-directional BP variability and, 

irrespective of direction of change, increased variability in BP was associated with markers of 

affluence. A consequence of variability in measurement of BP is that it would lead to 

misclassification in diagnosis of hypertension based on a single reading because almost 20% 

of subjects would receive a different diagnosis based on the mean of two readings. The next 

chapter will present the relationship of BP and BG with measures of obesity and central fat 

distribution and other factors whilst taking account of the inter-dependence between systolic 

BP and BG. It finds statistical evidence for a feedback loop between systolic BP and BG, and 

provides estimates of the contribution of BMI or WC to systolic BP and BG when account is 

taken of their reciprocal relationship. In so doing, it seeks to confirm the co-existence of 

elevated BP and BG in an Asian population.  
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3.9 Appendix 3A:  

Additional Table 3.1. Prevalence of hypertension at first BP reading and reclassification using the mean of two BP values, by age group, based on 

the ACC/AHA guidelines of 2017 (systolic BP > 130mmHg and/or diastolic BP > 80mmHg) 

 25-34 years 35-44 years 45-54 years 55-64 years Overall 

Systolic BP           

Normal SBP1 83.0%  (2,597/3,168) 73.2% (2,589/3,591) 62.7% (2,396/3,937) 50.3% (1,913/4,010) 71.5% (9,495/14,706) 

High SBP1 17.0% (571/3,168) 26.8% (1,002/3,591) 37.3% (1,541/3,937) 49.7% (2,097/4,010) 28.5% (5,211/14,706) 

Reclassification           

From normal SBP1 to high SBP12 0.3% (8/2,597) 0.7%  (15/2,589) 1.9% (35/2,396) 1.4% (37/1,913) 0.8% (95/9,495) 

From high SBP1 to normal SBP12 22.7% (119/571) 19.4% (159/1,002) 11.8% (156/1,541) 8.5% (173/2,097) 15.5% (607/5,211) 

Diastolic BP           

Normal DBP1 80.8% (2,564/,3168) 70.7% (2,509/3,591) 59.5% (2,366/3,937) 54.2% (2,145/4,010) 69.7% (9,584/14,706) 

High DBP1 19.2% (604/3,168) 29.3% (1,082/3,591) 40.5% (1,571/3,937) 45.8% (1,865/4,010) 30.3% (5,122/14,706) 

Reclassification           

From normal DBP1 to high DBP12 0.9% (21/2,564) 1.5% (33/2,509) 1.1% (35/2,366) 2.3%  (45/2,145) 1.3% (134/9,584) 

From high DBP1 to normal DBP12 23.6% (133/604) 16.4% (156/1,082) 12.5% (177/1,571) 11.0% (165/1,865) 15.8% (631/5,122) 

Systolic BP/Diastolic BP           

Normal SBP1/DBP1 75.3% (2,328/3,166) 63.1% (2,222/3,587) 52.8% (2,022/3,933) 42.9% (1,625/4,007) 62.6% (8,197/14,693) 

High SBP1 or DBP1 24.7% (838/3,166) 36.9% (1,365/3,587) 47.2% (1,911/3,933) 57.1% (2,382/4,007) 37.4% (6,496/14,693) 

Reclassification           

From normal SBP1/DBP1 to high 

SBP12/DBP12 
0.6% (10/2,328) 1.0% (20/2,222) 1.2% (29/2,022) 1.5% (28/1,625) 0.9% (87/8,197) 

From high SBP1/DBP1 to normal 

SBP12/DBP12 
22.2% (174/838) 15.6% (195/1,365) 11.0% (190/1,911) 8.8% (179/2,382) 14.6% (738/6,496) 

SBP1 denotes the first reading of systolic blood pressure 

DBP1denotes the first reading of diastolic blood pressure 

SBP12 denotes the average of first and second readings of systolic blood pressure 

DBP12 denotes the average of first and second readings of diastolic blood pressure 
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 Chapter 4: The interdependence of blood pressure 

and glucose in Vietnam 

4.1 Preface 

Modelling of associations of systolic BP and BG with their explanatory factors in separate 

regressions treats them as having independent biological mechanisms. This can lead to 

statistical inferences that are unreliable because the substantial overlap in their etiologic and 

disease mechanisms is ignored. This study aimed to examine the relationship of systolic BP 

and BG with measures of obesity and central fat distribution and other factors whilst taking 

account of the inter-dependence between them.  

4.2 Introduction 

Hypertension and diabetes are common problems in developed countries, and increasingly in 

developing countries. They are two of the leading risk factors for CVD. Their combined 

presence may result in more serious cardiovascular outcomes than expected from either 

hypertension or diabetes alone (1). People with the co-existing hypertension and diabetes have 

75% increased risk of cardiovascular morbidity and mortality (2). Hypertension and diabetes 

share similar common etiological factors, including being overweight, following an unhealthy 

diet, and living an inactive lifestyle (3). These factors are being targets for intervention to 

reduce CVD morbidity and mortality. 

Diabetes is commonly diagnosed among subjects with hypertension, and vice versa (3, 4). In 

the United States, 23.6 million adults have been estimated to be affected by hypertension and 

diabetes with 75% of those having both hypertension and diabetes (4). Among persons with 

type 2 diabetes, hypertension is often present as part of a possible common underlying 

metabolic abnormality such as insulin resistance (5-7). Among persons with type 1 diabetes, 

hypertension is often due to the onset of diabetic nephropathy (5, 7). The presence of one 

increases the chance of developing the other (6). In multiple pathophysiological mechanisms 

– insulin resistance in the nitric-oxide pathway, the stimulatory effect of hyperinsulinaemia on 

sympathetic drive, smooth muscle growth, and sodium–fluid retention,  and the excitatory 

effect of hyperglycaemia on the renin–angiotensin-aldosterone system – may underlie the 

association of hypertension and diabetes  (8).  

Previous studies of hypertension and diabetes have tended to focus on each separately in 

isolation of the other as if they have independent biological mechanisms. This can lead to 

estimates of association with study factors that may not be correct because of the substantial 
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overlap in etiologic and disease mechanisms (3). In addition, many previous studies have 

reduced BP and BG to binary outcomes by classifying their values as  “normal” or 

“abnormal” (9-12), and failing thereby to fully reflect the whole distribution of BP and BG. 

We had the opportunity to investigate this issue in the context of a large nationally 

representative sample of the population of Vietnam. Using methods to estimate the 

relationships simultaneously, this study aimed to examine the relationship of systolic BP and 

BG with measures of obesity and central fat distribution and other factors whilst taking 

account of the inter-dependence between systolic BP and BG. In addition, whilst the co-

existence of hypertension and diabetes is well established in Western populations (13), there 

is some uncertainty about this in Asian populations. Some (12, 14-16) but not all (17, 18) 

studies conducted in Asian countries have suggested that higher BP is associated with 

increased risk of diabetes and that they frequently occur together in an individual. We had the 

opportunity to investigate this unresolved issue in the present study. 

4.3 Methods 

4.3.1 Study participants and sampling 

The data are from a population-based survey of risk factors for non-communicable disease in 

Vietnam in 2009-2010 that was designed in accordance with the STEPS survey methodology 

of the WHO (18). The survey participants (n=14,706, response proportion 64.1%) were 

selected by multi-stage stratified cluster sampling from eight provinces each representative of 

one of the eight geographical regions of Vietnam. The study was approved by the Ethics 

Committee of the Ministry of Health of Vietnam and the Tasmanian Health and Medical 

Human Research Ethics Committee. Written informed consent was obtained from 

participants. The details of this survey have been reported elsewhere (19). 

4.3.2 Measurements 

The STEPS questionnaire was used to collect information on socio-demographic information 

and measurements of four behavioural factors (tobacco smoking, alcohol, fruit/vegetable 

consumption, and physical activity) (18). The questionnaire was translated into Vietnamese 

and back-translated to check the accuracy of wording of each item. Face-to-face interviews 

were conducted with participants by trained staff of each provincial health authority.  

All measurements of behavioural factors were made and categorised according to 

recommendations of the WHO (18), and the details of these measurements have been reported 

elsewhere. Smoking status were categorised as never smokers, ex-smokers, and current 

smokers (19).  Alcohol intake status were categorised as low (< 4 standard drinks for men or 
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<2 standard drinks for women), hazardous (4–6 standard drinks for men or 2–4 standard 

drinks for women), harmful (consuming at least 6 standard drinks for men or 4 standard 

drinks for women) (20). The participants were asked about the number of days they usually 

ate fruit, and the number of days they usually ate vegetables (excluding root plants), in a 

typical week and how many ‘standard serving’ sizes they usually ate of each on those days. A 

‘standard serving’ size of vegetables was defined as a cup of raw vegetables, a half cup of 

cooked or chopped raw vegetables or half cup of vegetable juice. A ‘standard serving’ size of 

fruit was defined as a piece of whole of fruit, a half cup of cooked, chopped or processed fruit 

or half cup of fruit juice and assumed to correspond to 80 gram (21). Physical activity were 

calculated as total time spent on work, transport and leisure time activities of each intensity, 

weighted by The Global Physical Activity Questionnaire-assigned MET energy expenditure 

ratios per kilogram per hour of 4 for moderate and 8 for vigorous intensity activities, and 

aggregated within and over domains (18). Activity levels were categorised as low 

(<600MET/week), moderate (>600MET/week), or high (>3000MET/week) (22).  

Physical measurements included weight (in bare feet without heavy clothing measured using 

NuWeigh B8271 digital scales with the precision of 0.1 kg), height (in bare feet without 

headwear measured using a Seca 214 stadiometer with the precision of 0.1 cm), WC (at the 

narrowest point between the lower costal border and the iliac crest measured horizontally 

using a constant tension tape while standing), and hip circumference (at the greatest posterior 

protuberance of the buttocks measured using a constant tension tape) with the participants 

standing. BMI was calculated as weight (kg)  height2 (m). They were made according to the 

standardised STEPS procedure (18). 

Seated BP was measured by cuff at the midpoint of the right upper arm by trained staff using 

a validated Omron HEM 907 digital automatic BP monitor after participants had rested for at 

least 15 minutes. Two BP readings taken 3 minutes apart were obtained for all participants. A 

third reading was taken if there was a difference between the two readings of more than 25 

mmHg for systolic BP or more than 15 mmHg for diastolic BP. If a third measure was taken, 

the mean of the two closest measures was used; otherwise, the mean of the two measures was 

used. After overnight fasting, BG and TC were measured from capillary whole blood using 

Roche Diagnostics Accutrend Plus glucometers. Measurements of BP, BG and TC were made 

according to the standardised STEPS procedure (18).  
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4.3.3 Data analysis 

Sampling weights were calculated as the inverse probability of selection in the sample, 

calculated as the product of the probability that each cluster was chosen and the probability 

that each person from each selected cluster was chosen. Appropriately weighted and stratified 

estimates of means and proportions, and of regression coefficients, were made using complex 

survey estimation methods provided by Stata version 15.0.  

The response variables were transformed prior to analysis by taking the negative of the 

inverse of systolic BP and the natural logarithm of BG to reduce skewness and 

heteroskedasticity. Because the associations of WC with the logarithm of BG were non-linear, 

the covariate for WC was re-scaled with steps placed at 73 and 78 cms (men) or 76 and 79 

cms (women). For women, the covariate for BMI was re-scaled with steps placed at 19.4, 

20.3, 23.5 and 24.9 kg/m². 

The associations of systolic BP and BG with putative explanatory factors were summarised 

using rank correlation coefficient (Table 4.2) and estimated separately by linear regression 

(results not reported). Though seemingly unrelated, the separate linear regression models 

would be related if – as seems likely – unknown and/or unmeasured factors that contribute to 

systolic BP contribute also to BG. In other words, the errors from each regression are likely to 

be correlated. Structural equation modelling provides a more efficient method of simultaneous 

estimation in these circumstances with the flexibility of allowing some of the otherwise 

exogenous explanatory variables to be explained by other covariates, and enabling modelling 

of complicated relations between endogenous variables including feedback loops. Each of 

these features was made use of in this study. 

The joint estimation of the relationships of measured causal factors with systolic BP and 

glucose were estimated by the method of “structural modelling” (23) using the sem command 

provided in Stata software. The method is described in Chapter 2 of Adcock (23).  

4.4 Results 

Selected characteristics of study subjects stratified by sex are presented in Table 4.1. The 

study sample consisted of 14706 (50.9% female) participants aged 25-64 years. The 

proportion of subjects who smoked tobacco and the proportion who consumed alcohol were 

much higher among men than women. Consumption of fruit and vegetables serves per day 

were generally similar between men and women. Higher proportions of the men had high 

activity levels. The men had greater mean WC than the women, but similar mean BMI. Men 

also had higher mean levels of BP than women, and greater proportions of hypertensive 



Chapter 4 – The interdependence of blood pressure and blood glucose       77 

individuals and of persons with both hypertension and elevated glucose. The differences in 

BG (higher for men on average) and TC (higher from women on average) were not 

substantial. 

Rank correlations between systolic BP, BG, and age, behavioural and pathophysiological 

factors are reported in Table 4.2. The same information is provided in Appendix 4A where, 

acting on the suggestion of a reviewer, the results for men and women are presented in 

vertical block format.  For both men and women, systolic BP and BG were modestly 

correlated with each other and with age, TC, BMI and WC and more strongly so for systolic 

BP than for BG. Among the strongest correlations were those of TC with age, BMI and WC. 

For both men and women, adjustment for BMI or WC reduced markedly the correlations of 

systolic BP with TC whereas adjustment for TC left the correlations of systolic BP with either 

WC or BMI largely unchanged. For men, alcohol intake was modestly associated with 

systolic BP. There was also a modest, inverse association between smoking status (treated as 

an ordered variable) and either BMI or WC. For men more so than women, physical activity 

was inversely associated with BMI and WC.  
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Table 4.1. Characteristics of survey participants 

Characteristic Men Women 

Age (years) 40.5  (10.2) 41.1  (10.5) 

Sex 49.1% (6804/14706) 50.9% (7902/14706) 

Smoking status     

   Never smoker 30.7% (2046/6782) 97.80% (7594/7886) 

   Ex-smoker 14.4% (1190/6782) 0.50% (70/7886) 

   Current smoker 54.9% (3546/6782) 1.70% (222/7886) 

Alcohol intake status     

   Low 59.3% (4148/6804) 97.4% (7643/7902) 

   Hazardous 16.6% (1104/6804) 1.8% (189/7902) 

   Harmful 24.1% (1552/6804) 0.9% (70/7902) 

Fruit and vegetable intake     

   Servings per day (number) 3.2 (2.1) 3.2 (1.9) 

   <5 servings per day 81.6% (5591/6708) 81.7% (6486/7816) 

   >5 servings per day 18.4% (1117/6708) 18.3% (1416/7816) 

Physical activity      

   Total (MET- hours/week) 6946.2 (8480.4) 4667.2 (6753.9) 

   Activity level     

      Low 27.2% (1400/6557) 31.9% (1793/7668) 

      Moderate 20.7% (1253/6557) 28.1% (1918/7668) 

      High 51.7% (3904/6557) 40.0% (3957/7668) 

Body size and fatness     

   BMI (kg/m²) 21.5 (3.1) 21.5 (3.0) 

   WC (cm) 74.8 (8.9) 71.7 (8.6) 

Pathophysiological characteristics     

   Systolic BP (mmHg) 124.2 (16.5) 115.6 (16.4) 

   DBP (mmHg) 75.4 (11.8) 70.7 (10.8) 

   Glucose (mmol/L) 4.2 (0.9) 4.0 (1.1) 

   Total cholesterol (mmol/L) 4.7 (0.7) 4.8 (0.7) 

   Hypertension and elevated glucose  1.3% (130/6804) 0.9% (115/7902) 

The data in this table are means (standard deviations) unless otherwise indicated. 
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Table 4.2. Rank correlations between age, behavioural and pathophysiological factors by sex 

           Women 

Men 
Systolic 

BP 

Blood 

glucose 
Age 

Smoking 

status 

Alcohol 

intake 

Fruit/ve-

getable 

serves 

Physical 

activity 
BMI WC 

Total 

cholesterol 

Systolic BP   0.15 *** 0.37 *** 0.03  0.01  –0.05 ** 0.09 *** 0.26 *** 0.25 *** 0.19 *** 

Blood glucose 0.18 ***   0.19 *** 0.02  0.01  0.05 ** 0.12 *** 0.12 *** 0.12 *** 0.11 *** 

Age 0.25 *** 0.05    0.11 *** –0.03  –0.06 ** 0.06 *** 0.18 *** 0.25 *** 0.30 *** 

Smoking status –0.02  –0.02  0.06 **   0.24 *** –0.04 * 0.01  –0.04 ** –0.01  0.03 * 

Alcohol intake 0.09 *** 0.01  –0.12 *** 0.18 ***   0.01  0.00  –0.01  –0.00  –0.02  

Fruit/vegetable serves 0.00  0.06 ** 0.01  –0.07 *** –0.05 *   0.03  0.11 *** 0.13 *** –0.03  

Physical activity –0.01  0.05 * –0.06 ** 0.07 *** –0.01  0.09 ***   –0.06 ** –0.11 *** –0.12 *** 

BMI 0.25 *** 0.10 *** 0.02  –0.14 *** 0.03  0.08 ** –0.14 ***   0.79 *** 0.27 *** 

WC 0.28 *** 0.11 *** 0.13 *** –0.12 *** 0.02  0.07 ** –0.20 *** 0.83 ***   0.26 *** 

Total cholesterol 0.17 *** 0.08 ** 0.13 *** 0.02  0.02  –0.01  –0.19 *** 0.26 *** 0.28 ***   

* denotes P<0.05, ** denotes P<0.01, *** denotes P<0.001  
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The structural models for systolic BP and BG under two assumptions about their inter-

relationship are presented in Table 4.3 (results for men) and in Table 4.4 (results for women). 

The models are depicted in Figure 1. Correlated errors in the estimation of systolic BP and BG 

have been specified because the variance in systolic BP that is not accounted for by its 

predictors (age, BMI, TC and, additionally for men, WC and alcohol intake) is likely to be 

correlated with the variance in BG that is not accounted for by its predictors (WC and TC). 

Statistical tests of the covariance between the errors in estimation of systolic BP and BG 

provided supporting evidence of this. The results were P<0.001 (men) and P<0.001 (women). 

In general, allowing correlated errors resulted in minor increases, relative to the coefficient 

estimates, in the estimated standard errors of the covariates with direct effects on systolic BP 

and BG. 

A reciprocal relationship between systolic BP and BG was specified to allow for shared 

etiological and pathological mechanisms. In other words, the model allows systolic BP to 

influence BG, and BG to influence systolic BP. Statistical tests of the contribution of each in 

the estimation of the other provided supporting evidence. The results were P=0.036 (men) and 

P<0.001 (women) for Wald tests of the coefficient of systolic BP in the estimation of BG, and 

P<0.001 (men) and P=0.029 (women) for Wald tests of the coefficient of BG in the estimation 

of systolic BP. A non-recursive model of this type can result in instability because BG 

influences systolic BP, which influences BG, which influences systolic BP, and so on. The 

stability indices in the non-recursive model for men (0.466) and women (0.495) were smaller 

than unity, however, indicating that model instability was not an issue. Adding the feedback 

loop increased the overall proportion of variance explained (model R-squared) from 0.270 to 

0.553 for men, and from 0.255 to 0.579 for women. The tests of the covariance between the 

errors in estimation of systolic BP and BG in the non-recursive models yielded P<0.001 (men) 

and P=0.004 (women).  

The feedback loop provided systolic BP with an indirect effect on BG, and BG with an indirect 

effect on systolic BP (data not shown). The indirect effects increased the total effects of systolic 

BP on glucose by 27.7% (men) and of BG on systolic BP by 32.5% (data not shown) but, due 

to the greater imprecision in estimation of these indirect effects, only the total effect of systolic 

BP on BG for women (P=0.003) and the total effect of BG on systolic BP for men (P<0.001) 

remained statistically significant.  

Adding the feedback loop reduced the estimated direct effects of BMI on systolic BP and of 

WC on BG whilst providing offsetting or partially offsetting indirect effects. The estimated 

total effects of BMI on systolic BP were increased by 4.0% (men) or reduced by 25.6% 
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(women), and those of WC on BG were reduced by 25.6% (men) and 45.0% (women).  In 

addition, there were indirect effects of WC on systolic BP (men P=0.005, women P=0.007) and 

BMI on BG (men P=0.061, women P<0.001) in the non-recursive model.  

Other effects of adding the feedback loop was to reduce but not eliminate the estimated direct 

effect of age on systolic BP (men and women), and of hazardous and harmful alcohol 

consumption on systolic BP (men). Adding the feedback loop greatly reduced and rendered 

statistically insignificant the estimated direct effects of TC on systolic BP and BG, but TC 

retained statistically significant estimated total effects (data not shown) by virtue of indirect 

effects on systolic BP and BG via its influence of TC on WC and BMI. Those indirect effects 

accounted for 77.4% (men) and 70.8% (women) of the total effect of TC on systolic BP, and 

62.8% (men) and 70.7% (women) of the total effect of TC on BG. 

Adjusted for age, physical activity and TC, the BMI of current smokers was estimated to be 

less than that of never smokers by 0.8 kg/m² (men) or 1.2 kg/m² (women). For males, the WC 

of current smokers were estimated to be less than that of never smokers by 2.0 cm. In the 

absence of a countervailing direct effect of tobacco smoking on systolic BP or BG for either 

the men or women in this sample, the total effect of tobacco smoking on systolic BP and BG 

(data not shown) was protective.    

  



Chapter 4 – The interdependence of blood pressure and blood glucose      82 

Table 4.3. Structural models for glucose concentrations in peripheral blood and systolic blood 

pressure (BP) under two assumptions about their inter-relationship: results for MEN  

Endogenous variable (EV) 

and the covariates of each 

 Inter–relationship between glucose and systolic BP  

 

Correlated errors   

Correlated errors and a 

reciprocal relationship 

 

beta (95% CI) †  beta (95% CI) †  

EV = Systolic BP (mmHg)       

Glucose (mmol/L)    19.213 (18.123, 20.302) *** 

Age (years) 0.350 (0.294, 0.406) *** 0.278 (0.187, 0.370) *** 

BMI (kg/m²) 0.773 (0.414, 1.132) *** 0.642 (0.384, 0.900) *** 

WC (cm) 0.174 (0.067, 0.282) ** –0.008 (–0.133, 0.116)  

Cholesterol (mmol/L) 1.618 (0.759, 2.477) *** 0.621 (–0.808, 2.05)  

Alcohol intake ‡       

Hazardous 2.385 (1.117, 3.653) *** 1.735 (0.373, 3.098) * 

Harmful 4.308 (2.996, 5.62) *** 3.358 (1.875, 4.841) *** 

EV = Glucose (mmol/L)       

Systolic BP (mmHg)    0.012 (0.001, 0.023) * 

WC (cm) 0.012 (0.008, 0.017) *** 0.007 (0.001, 0.014) * 

Cholesterol (mmol/L) 0.063 (0.003, 0.124) * 0.034 (–0.037, 0.104)  

EV = BMI (kg/m²)       

Cholesterol (mmol/L) 1.113 (0.936, 1.291) *** 1.113 (0.935, 1.291) *** 

Physical activity level ‖ –0.243 (–0.355, –0.130) *** –0.243 (–0.355, –0.130) *** 

Tobacco smoking §       

Ex–smoker –0.223 (–0.551, 0.104)  –0.223 (–0.551, 0.105)  

Current smoker –0.795 (–1.047, –0.544) *** –0.795 (–1.047, –0.544) *** 

EV = WC (cm)       

Age (years) 0.062 (0.033, 0.09) *** 0.062 (0.034, 0.09) *** 

Cholesterol (mmol/L) 2.977 (2.510, 3.445) *** 2.977 (2.510, 3.445) *** 

Physical activity level ‖ –0.929 (–1.215, –0.644) *** –0.929 (–1.214, –0.644) *** 

Tobacco smoking §       

Ex–smoker 0.162 (–0.738, 1.062)  0.162 (–0.738, 1.062)  

Current smoker –2.015 (–2.645, –1.384) *** –2.015 (–2.645, –1.384) *** 

* denotes P<0.05, ** denotes P<0.01, *** denotes P<0.001 

† beta (95% CI) = direct change in the mean value of the endogenous variable per unit change 

in a scaled covariate or accompanying a change to this category from the reference category 

of a categorical covariate (95% confidence interval).  

‡ Baseline category: low risk alcohol intake. 

§ Baseline category: never smoker. 

‖ Scaled covariate taking consecutive integer scores for the ordered categories of total physical 

activity. 
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Table 4.4. Structural models for glucose concentrations in peripheral blood and systolic blood 

pressure (BP) under two assumptions about their inter–relationship: results for WOMEN  

Endogenous variable (EV) 

and the covariates of each 

 
Inter–relationship between glucose and systolic BP 

 

 

Correlated errors   

Correlated errors and a 

reciprocal relationship 

 

beta (95% CI) †  beta (95% CI) † 
 

EV = Systolic BP (mmHg)       

Glucose (mmol/L)    11.283 (0.195, 22.371) * 

Age (years) 0.433 (0.383, 0.483) *** 0.340 (0.211, 0.470) *** 

BMI (kg/m²) 1.153 (0.972, 1.333) *** 0.715 (0.337, 1.092) *** 

Cholesterol (mmol/L) 1.316 (0.618, 2.013) *** 0.618 (–0.331, 1.568)  

EV = Glucose (mmol/L)       

Systolic BP (mmHg)    0.022 (0.014, 0.03) *** 

WC (cm) 0.016 (0.012, 0.021) *** 0.007 (0.002, 0.012) ** 

Cholesterol (mmol/L) 0.099 (0.054, 0.143) *** 0.023 (–0.027, 0.074)  

EV = BMI (kg/m²)       

Age (years) 0.035 (0.026, 0.044) *** 0.035 (0.026, 0.044) *** 

Cholesterol (mmol/L) 0.807 (0.669, 0.946) *** 0.807 (0.668, 0.946) *** 

Total activity (MET-hrs) –0.002 (–0.003, –0.001) ** –0.002 (–0.003, –0.001) ** 

Tobacco smoking ‡       

Ex–smoker –0.912 (–1.732, –0.092) * –0.911 (–1.73, –0.091) * 

Current smoker –1.189 (–1.678, –0.700) *** –1.191 (–1.68, –0.702) *** 

EV = WC (cm)       

Age (years) 0.127 (0.105, 0.148) *** 0.126 (0.105, 0.148) *** 

Cholesterol (mmol/L) 1.650 (1.264, 2.036) *** 1.654 (1.268, 2.040) *** 

Total activity (MET-hrs) –0.007 (–0.009, –0.005) *** –0.007 (–0.009, –0.005) *** 

* denotes P<0.05, ** denotes P<0.01, *** denotes P<0.001 

† beta (95% CI) = direct change in the mean value of the endogenous variable per unit change 

in a scaled covariate or accompanying a change to this category from the reference category 

of a categorical covariate (95% confidence interval).  

‡ Baseline category: never smoker. 
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(A) 

 

(B) 

Figure 4.1. Structural equation modelling of systolic BP and blood glucose 

with (A) Men and (B) Women 

 a statistically significant association   

                                 no statistically significant association   
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4.5 Discussion 

The main finding of this study was statistical evidence that systolic BP influences BG, and 

BG influences systolic BP, via a feedback loop that diminishes the direct influence of other 

factors – including age, body size and fatness – that are known to contribute to metabolic 

abnormalities and irregularities in blood pressure regulation. Other factors that contributed 

directly were BMI, age and alcohol intake (for men) in the estimation of systolic BP, and WC 

in the estimation of BG. Cholesterol, physical activity and tobacco smoking exerted indirect 

effects via their influence on WC and BMI, but not direct effects. 

There were strong associations found between systolic BP and BG that persisted after 

adjustments for the other factors listed. This finding is broadly consistent with those of 

previous studies that have examined the association between BP and BG in both Caucasian 

and Asian populations. In the Hong Kong Cardiovascular Risk Factor Prevalence Study, 23% 

of people with hypertension had diabetes (12), and 46% of people with diabetes had 

hypertension. In Japan, subjects with elevated glucose had 35-39% higher risk of developing 

hypertension than those with normal BG (16). In the USA, people with hypertension had 

1.45–2.03 times increased risk of diabetes than people with normal BP (25). Studies in the 

UK (26) and Korean (15, 17) populations also indicated that people with elevated BP are at 

increased risk of diabetes.  

There is a biological basis for a feedback loop between systolic BP and BG. Diabetes results 

in damage to blood vessels, and requires higher BP to force blood through damaged arteries 

(8). High BG levels can increase BP because the blood vessels lose their ability to stretch, the 

fluid in the body increases especially if diabetes is already affecting the kidneys, and insulin 

resistance may involve processes that increase BP (3, 8). Hypertension can cause insulin 

resistance by altering the delivery of insulin and glucose to skeletal muscle cells, resulting in 

impaired glucose uptake (13). Moreover, uncontrolled high BP is a major risk factor for 

developing heart failure. When pressure in the blood vessels is too high, the heart has to pump 

harder than normal to keep the blood circulating. This takes a toll on the heart, and overtime 

the chambers get larger and weaker. Heart failure may induce diabetes by reciprocally 

augmenting the risk of insulin resistance (27). Insulin resistance and abnormal glucose 

metabolism are commonly seen in heart failure patients, being identified in 43% of these 

patients, and these abnormalities are associated with decreased cardiac function (28).  

The structural models estimated in this study were remarkably similar for men and women, 

and consistent with previous research findings in several respects. First, measures of body 
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size and fatness were found to be strongly associated with systolic BP and BG in concordance 

with considerable research evidence that overweight and obesity are key determinants of 

hypertension and hyperglycaemia. One example of this evidence was provided in a study (29) 

conducted in 9 low- and middle-income countries of four regions (Africa, East Asia, South 

Asia and South America). In that study, each standard deviation increase in BMI was 

associated with a 1.42 (men) or 1.28 (women) times higher probability of hypertension, and a 

1.65 (men) or 1.60 (women) times higher probability of diabetes. Each standard deviation 

increase in WC was associated with a 1.34 (men) or 1.31 (women) times higher probability of 

hypertension, and a 1.48 (men) or 1.74 (women) times higher probability of diabetes. These 

reported results are for subjects aged 40–69 years, who overlap substantially with ours in 

terms of age, and their study populations include ethnically similar persons from Asia who 

tend to develop diabetes at a lesser degree of obesity and at a younger age than Caucasians 

(30-32) While the direct effects of WC or BMI on systolic BP or BG found in this study were 

substantially reduced by specifying a feedback loop, the direct effects were augmented by 

indirect effects due to the putative causal role of body size and fatness in igniting a 

diminishing series of mutually-reinforcing pathological outcomes via the feedback loop.  

Second, after adding the feedback loop to our models, WC contributed directly and 

independently of systolic BP in the estimation of BG, and BMI contributed directly and 

independently of BG in the estimation of systolic BP. Several mechanisms such as 

sympathetic activation associated with obesity, promoting the formation of angiotensin II and 

aldosterone, and effect of renin-angiotensinogen system, may contribute to the increase in BP 

resulting from increasing levels of abdominal adiposity in a manner independent of insulin 

resistance (33-35). Hayashi et al reported that visceral obesity was associated with an 

increased odds of hypertension in Japanese Americans independently of fasting plasma 

insulin (36).  Previous studies have found that obesity and central adiposity directly contribute 

to the development of the cluster of type 2 diabetes with hypertension (35, 37, 38).  Other 

studies have found that obesity is a risk factor for type 2 diabetes independently of 

hypertension (39, 40).  These findings showed that obesity is significantly associated with the 

development of diabetes among subjects irrespective of whether they have hypertension, pre-

hypertension or high normal systolic BP (39, 40). It has been reported that WC was the 

strongest independent predictor (age, gender, BMI, and insulin resistance included) of systolic 

BP and diastolic BP for normoglycemic Chinese (41). Additionally, BMI has been found to 

significantly influence the risk of incident diabetes mellitus among subjects with the same BP 

(17).  
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Third, the factors found to have direct effects (age and harmful or hazardous alcohol intake) 

or indirect effects (age, TC, physical activity and tobacco smoking by men) in the estimation 

of systolic BP and/or BG were factors recognised in previous research. Age and obesity, and 

particularly abdominal obesity, have been identified as determinants of hypertension and 

diabetes (10, 11, 15, 17, 26, 42, 43). A raised level of TC has been identified as the most 

predictive co-morbid risk factor among subjects with hypertension and/or diabetes (15, 26, 

44). A longitudinal study of Japanese men found that additional factors associated with 

hypertension and type 2 diabetes included low levels of leisure-time physical activity, tobacco 

smoking and daily alcohol consumption (43).   

The results in this study for two of those associations warrant further comment. First, TC was 

modelled in this study as an exogenous antecedent of WC and BMI despite conventional 

wisdom that raised TC is an outcome of overweight and obesity (45)  This was motivated by 

the results of mediation analyses of pathways leading to elevated BG and systolic BP. The 

evidence that TC was antecedent to WC or BMI was more compelling than the evidence that 

WC or BMI were antecedent to TC. A plausible explanation may be that, in this population of 

lean adults of relatively low body weight, a raised TC was acting as a marker for unmeasured 

factors that are causally associated with overweight or obesity independently of age, physical 

activity and tobacco smoking. One candidate that springs to mind is dietary intake of saturated 

fat (46, 47), though shared genetic predisposition is another. Reassuringly, TC did not have 

direct effects on systolic BP or BG and dropping TC from the structural models made little 

difference to the coefficient estimates or modelling conclusions for other factors in our 

analyses. Second, the inverse association of tobacco smoking with WC and BMI found in this 

study might be explained by nicotine-induced appetite suppression and increased energy 

expenditure of smokers (48, 49). However, there was no direct effect of tobacco smoking on 

elevated BG and systolic BP for either men or women in this sample and, in consequence, the 

net effect of tobacco smoking on BG and systolic BP consisted entirely of protective indirect 

effects. We are not aware of this possibility having been raised previously. In earlier research 

(50), however, we found the prevalence of hypertension among men in this population to be 

similar for never-smokers and current smokers. Similar mean BP for smokers and non-

smokers, or lower mean BP for smokers than for non-smokers, has been reported in other 

studies (51-53).     

This study has several strengths. The data were collected from a nationally-representative 

survey of the Vietnamese population. The large sample was stratified by sex and rural/urban 

location, and the availability of data on a range of lifestyle risk factors for non-communicable 
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disease made it possible to take account of confounding factors. All measurements were made 

by trained staff in accordance with standardised protocols designed by the WHO. The BP 

measurements were made by well-calibrated automatic BP monitors. All participants were 

required to fast prior to the tests of BG and TC. The structural modelling approach that was 

used in this study allowed account to be taken in a statistically appropriate manner of two 

inferences that have been drawn from the clinical manifestations of elevated BP and 

hyperglycaemia – that they have a shared aetiology with common predisposing factors and 

mutually-reinforcing disease courses. In addition, the flexibility of the structural equation 

modelling approach allowed us to designate WC and BMI as endogenous variables, and 

thereby to draw the inferences that TC, physical activity and tobacco smoking had indirect but 

not direct effects in the estimation of BG and systolic BP.  

However, our study has limitations. First, whilst the response proportion was high for a study 

requiring lengthy clinic attendance with overnight fasting and blood-sampling, the possibility 

of non-participation bias cannot be discounted. Second, the new ACC/AHA protocol requires 

measurement of BP on the arm with the highest reading if there are inter-arm differences (54). 

The STEPS protocol required measurement on the right arm only, and this may have led to 

underestimation of the BP of some people. Third, several of the exposure variables – smoking 

status, alcohol level, fruit/vegetable serves, and physical activity – were self-reported. 

Nevertheless, we used the STEPS standardised questionnaires administered in accordance 

with WHO protocols in an attempt to ensure consistency in measurement and, in our hands, 

the self-reported data had some evidence of construct validity (21, 22, 24, 55). Fourth, the 

maximum likelihood techniques used to estimate the structural equations allow valid 

inferences if customary assumptions about joint normality of all variables and data missing at 

random are valid. To make the distributional assumption more viable, careful attention was 

given to the scaling of variables prior to estimation including by transforming the values of 

systolic BP and BG. It was reassuring that switching to an asymptotic distribution-free 

method of estimation (data not reported) made only minor differences to the estimates. 

Finally, this study cannot establish cause and effect relationship between outcomes and study 

factors because of the cross-sectional nature of the data.  

4.6 Conclusion 

In conclusion, this study provided statistical evidence of a feedback loop between systolic BP 

and BG. Indices of body size and central fat deposition were confirmed to be their primary 

explanatory factors. Saturated fat intake and physical activity were identified as possible 

targets of intervention for overweight and obesity, and indirectly for reducing systolic BP and 
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BG. Harmful/hazardous alcohol intake was identified as a target of intervention for systolic 

BP. 

4.7 Postscript 

The results of this chapter provided statistical evidence that systolic BP influences BG, and 

BG influences systolic BP, via a feedback loop that diminishes the direct influence of other 

factors that are known to contribute to metabolic abnormalities and irregularities in blood 

pressure regulation. The other factors that contributed directly were BMI, age and alcohol 

intake (for men) in the estimation of systolic BP, and WC in the estimation of BG. 

Cholesterol, physical activity and tobacco smoking exerted indirect effects via their influence 

on WC and BMI, but not direct effects. The next chapter will present factors that influence 

sex differences in TC. It investigates whether there is evidence of higher female-than-male 

mean levels of TC in Vietnam and, if so, at what ages it occurs and whether it can be 

explained by ageing, by body size and fatness, or by socio-demographic characteristics and 

behavioural factors.   
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4.9  Appendix 4A 

 

 Table 4.2.1 Rank correlations between age, behavioural and pathophysiological factors by sex  

Systolic 

BP 

Blood 

glucose 
Age 

Smoking 

status 

Alcohol 

intake 

Fruit/ve-getable 

serves 

Physical 

activity 
BMI WC 

Men                   
Blood glucose 0.18 ***                 

Age 0.25 *** 0.05                

Smoking status –0.02  –0.02  0.06 **             

Alcohol intake 0.09 *** 0.01  –0.12 *** 0.18 ***           

Fruit/vegetable serves 0.00  0.06 ** 0.01  –0.07 *** –0.05 *         

Physical activity –0.01  0.05 * –0.06 ** 0.07 *** –0.01  0.09 ***       

BMI 0.25 *** 0.10 *** 0.02  –0.14 *** 0.03  0.08 ** –0.14 ***     

WC 0.28 *** 0.11 *** 0.13 *** –0.12 *** 0.02  0.07 ** –0.20 *** 0.83 ***   

Total cholesterol 0.17 *** 0.08 ** 0.13 *** 0.02  0.02  –0.01  –0.19 *** 0.26 *** 0.28 *** 

Women                   

Blood glucose 0.15 ***                 
Age 0.37 *** 0.19 ***               

Smoking status 0.03  0.02  0.11 ***             

Alcohol intake 0.01  0.01  –0.03  0.24 ***           

Fruit/vegetable serves –0.05 ** 0.05 ** –0.06 ** –0.04 * 0.01          

Physical activity 0.09 *** 0.12 *** 0.06 *** 0.01  0.00  0.03        

BMI 0.26 *** 0.12 *** 0.18 *** –0.04 ** –0.01  0.11 *** –0.06 **     

WC 0.25 *** 0.12 *** 0.25 *** –0.01  –0.00  0.13 *** –0.11 *** 0.79 ***   

Total cholesterol 0.19 *** 0.11 *** 0.30 *** 0.03 * –0.02  –0.03  –0.12 *** 0.27 *** 0.26 *** 

* denotes P<0.05, ** denotes P<0.01, *** denotes P<0.001 
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Chapter 5: Factors that influence sex differences in 

total cholesterol of Vietnamese adults 

5.1 Preface 

The mid-life emergence of higher levels of TC for women than for men has been observed in 

different Caucasian and Asian populations. The aim of this study was to investigate whether 

there is evidence of this in Vietnam and, if so, whether it can be explained by ageing, by body 

size and fatness, or by socio-demographic characteristics and behavioural factors.  

5.2 Introduction 

Raised total cholesterol is an important risk factor for ischemic heart disease and stroke, and 

has been estimated to be responsible for 13% of stroke deaths and 48% of ischaemic heart 

disease deaths [1] that together account for around 2.6 million deaths every year worldwide 

[2]. The global prevalence of high cholesterol, defined as TC equal to or greater than 5.0 

mmol/l, was estimated to be 39% among adults aged 25 years or over in 2008 [3]. Reducing 

cholesterol has preventive and therapeutic benefits. It has been estimated that a 0.6 mmol/l 

(10%) reduction in serum cholesterol would lower the risk of ischaemic heart disease by 50% 

for men aged 40 years and by somewhat less for older men, with the reduction falling to 20% 

for men aged 70 years [4]. In Finland, modelling of data from 5 cross-sectional surveys 

conducted during the period 1972–92 has determined that declines in mortality from 

ischaemic heart disease of 26% (men) or 35% (women) were attributable to the observed 15% 

(men) or 18% (women) decreases in serum cholesterol concentrations that occurred during the 

period [5]. In Ireland, a reduction of almost 30% in the heart disease death rate has been 

attributed to a 4.6% reduction in population TC levels during the period 1985–2000 [6]. 

Comparing men and women, mean levels of TC and LDL cholesterol tend to be higher for 

men than for women in early adulthood but with women catching up in mid-life and typically 

with the difference reversed after age 50. This pattern has been observed in different 

Caucasian [7-11] and Asian populations [12-14]. Consistent with this pattern, the incidence of 

CVD among women typically lags 10 years behind that of men until the sixth or seventh 

decade of life when there is a marked increase in female rates [15]. Follow-up studies have 

suggested that LDL cholesterol rises during the transition to menopause [16-18]. This accords 

with cross-sectional data showing a step-up in mean levels of TC for women in their late 40s 

or early 50s [9, 10, 19]. Longitudinal observations of women during the menopausal transition 

show that changes in TC and LDL cholesterol occurred mainly during the later phases of 
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menopause and were greatest for women who were lightest at baseline [20]. Whilst weight 

gain is a common occurrence for women during the menopausal years [21], weight gain 

appears not to be a consequence of menopause per se [22]. The results of some studies 

suggest that the rise in TC at these ages is independent of any changes in body size and 

fatness occurring at or around the same time [7, 8]. 

We had the opportunity to investigate sex differences in TC in a population (that of Vietnam) 

in which men and women are similar in weight relative to height, and predominately of the 

same ethnic background. Given the research evidence that the mid-life increase in TC is more 

pronounced for women of smaller body weight, the rise in TC may be more clearly 

discernible in a population of women generally smaller than their Western counterparts. 

Additionally, to the extent that treatment with HRT by post-menopaused women can mask 

sex differences in TC, the lack of widespread use of exogeneous hormones in Vietnam was a 

benefit for this study. Furthermore, any contribution of tobacco smoking and alcohol 

consumption would be specific to males in this population because few of the women smoke 

or consume alcohol. Using data from a national survey of risk factors for NCDs in Vietnam, 

the aim of this study was to investigate whether there is evidence of higher female-than-male 

mean levels of TC in Vietnam and, if so, whether it can be explained by ageing, by body size 

and fatness, or by socio-demographic characteristics and behavioural factors. 

5.3 Methods 

5.3.1 Study participants and sampling 

The data are from a population-based survey of risk factors for non-communicable disease in 

Vietnam during 2009–2010 that was designed in accordance with the STEPS survey 

methodology of the WHO [23]. The survey participants (n=14,706, response proportion 

64.1%) were selected by multi-stage stratified cluster sampling from eight provinces each 

representative of one of the eight geographical regions of Vietnam. The study was approved 

by the Ethics Committee of the Ministry of Health of Vietnam and the Tasmanian Health and 

Medical Human Research Ethics Committee. Written informed consent was obtained from 

participants. The details of this survey have been reported elsewhere [24]. 

5.3.2 Measurements 

The STEPS questionnaire was used to collect information on socio-demographic information 

and measurements of four behavioural factors (tobacco smoking, alcohol, fruit/vegetable 

consumption, and physical activity) [23]. The questionnaire was translated into Vietnamese 
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and back-translated to check the accuracy of wording of each item. Face-to-face interviews 

were conducted with participants by trained staff of each provincial health authority.  

Physical measurements included weight (in bare feet without heavy clothing measured using 

NuWeigh B8271 digital scales with the precision of 0.1 kg), height (in bare feet without 

headwear measured using a Seca 214 stadiometer with the precision of 0.1 cm), WC (at the 

narrowest point between the lower costal border and the iliac crest measured horizontally 

using a constant tension tape while standing), and hip circumference (at the greatest posterior 

protuberance of the buttocks measured using a constant tension tape) with the participants 

standing. BMI was calculated as weight (kg)  height2 (m). WHR was calculated as WC (cm) 

 hip (cm). WHtR was calculated as WC (cm)  height (cm).  

After overnight fasting, TC was measured according to the standardised STEPS procedure 

[23]  from capillary whole blood using Roche Diagnostics Accutrend Plus glucometers. 

Raised TC was defined as TC ≥ 5.0 mmol/L.  

5.3.3 Data analysis 

Sampling weights were defined as the inverse probability of selection in the sample, and 

calculated as the product of the probability that each cluster was chosen and the probability 

that each person from each selected cluster was chosen. Appropriately weighted and stratified 

estimates of means and proportions, and of regression coefficients, were made using complex 

survey estimation methods provided by Stata version 15.0.  

The effects of fat distribution, sociodemographic, and behavioural factors on the sex 

differences in TC were examined by linear regression with TC as dependent variables and 

body fatness including BMI, WC, WHR, WHtR, socio-demographic and behavioural factors 

as independent variables. TC was transformed to reduce skewness.  

The change-point analyses reported in this study were designed to allow the slope of the  

relationships of TC with age to change if necessary from any age onwards, and/or for the 

relationships to shift upwards (“step-up”) or downwards (“step-down”) if necessary at any 

age. Candidate change-points were identified by trial-and-error, and confirmed by Bayesian 

change-point analysis. The final models included a quadratic (increasing before decreasing) 

fit in age to the TC data for men, without any discrete change in slope or location, and a step-

up at age 50 years in the otherwise consistently increasing linear-in-age relationship for 

women. 
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For Table 5.3, a linear regression model with age and a binary (0/1) term as covariates was 

fitted to the TC data for women.  The binary term took the value 0 for women aged less than 

50 years or 1 for women aged 50 years or greater. The coefficient of the binary term 

represents the estimated vertical displacement of the relationship and being positive, is 

referred to as the “step-up”. The estimated mean value of TC not including (without) and 

including (with) the step-up is reported, together with the step-up expressed as a percentage 

increase. To examine whether the step-up in cholesterol at age 50 years remained after 

adjustment for other factors including indices of body size and fatness, socio-demographic 

characteristics and behavioural attributes, a covariate for each of these factors was added in 

turn and the adjusted value of the step-up was used to recalculate these quantities (mean TC 

without step-up, mean TC with step-up, percentage increase). 

The Blinder-Oaxaca decomposition technique [24, 25] was used to partition the measured 

difference in TC between males and females commencing at age 50 years into two 

components. This first component is the “explained” part that arises because the two groups, 

on average, have different values for the measured factors adjusted for in the regression 

analyses. The second component is the “unexplained” part that is attributed to the differential 

effects that the measured factors have on each group and/or to other unmeasured factors not 

included in the regression model. The factors adjusted for were body fatness (including BMI, 

WC, WHR, WHtR), socio-demographic characteristics and behavioural attributes. 

Decomposition results were computed employing the “Oaxaca” command for Stata with the 

“pooled” and the “regress” options specified. The “pooled” option uses the coefficients from a 

pooled model over both groups (including a group indicator) as the reference coefficients. The 

“regress” option causes a linear decomposition based on linear regression to be computed, as 

proposed by Jann [26]. Sampling weights that take into account the selection probability of 

each participant were included in the analysis.  

5.4 Results 

Table 5.1 presents selected characteristics of study subjects, stratified by sex. The sample 

consisted of 14706 (50.9% female) participants aged 25-64 years, with generally higher 

participation proportions among older people. Approximately 70% of the sample lived in 

rural areas and most participants were of Kinh ethnicity. Men had higher average of years of 

schooling and were more active than women. The proportion of subjects who smoked tobacco 

and the proportion who consumed alcohol were much higher among men than women. There 

was a modest difference in mean WC between men and women but mean BMI, WHR and 

WHtR were similar.  
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Table 5.2 presents rank correlation coefficients to summarise the associations of TC with 

measures of body size and fatness, socio-demographic characteristics and behavioural factors 

for men and women. The anthropometric indices most strongly associated with TC were WC 

or measures based on girths for men, and weight or measures based on weight (particularly 

BMI) for women. Other factors associated with TC were age and physical activity (both men 

and women). 

The sex-specific means of TC stratified by 5-year age group are depicted in Figure 5.1. The 

mean TC of men increased with age group until reaching a plateau commencing with the 45–

49 years of age group. The mean TC of women increased throughout the entire age range 

rising from concentrations similar to those of men in young adulthood to higher values from 

age group 50–54 years onwards, and with a noticeable step-up occurring for the 50–54 years 

of age group. Commencing with that age group, the mean values of TC of middle-aged 

women exceeded markedly those of their male counterparts, whereas in younger age groups 

the mean TC levels for women were comparable to men. 

The sex-specific means of two measures of body size and fatness – BMI and WC – stratified 

by 5-year age group are depicted in Figure 5.2. The relationships with age group are mildly 

curvilinear in each case, with the mean values initially increasing before decreasing with 

advancing age group, and without visual evidence of a mean shift in the grouped data such as 

that in mean TC for women. 
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Table 5.1. Characteristics of survey participants 

    Men    Women  

  (n=6,804) (n=7,902) 

Age: mean (SD) 40.5 (10.2) 41.1  (10.5) 

Age groups     

   25-29 years 16.2% (637/6804) 15.7% (831/7902) 

   30-34 years 19.6% (786/6804) 18.4% (914/7902) 

   35-39 years 14.9% (813/6804) 13.6% (945/7902) 

   40-44 years 15.6% (853/6804) 15.6% (980/7902) 

   45-49 years 11.4% (900/6804) 12.0% (1100/7902) 

   50-54 years 11.5% (891/6804) 12.1% (1046/7902) 

   55-59 years 6.0% (1060/6804) 7.0% (1207/7902) 

   60-64 years 4.8% (864/6804) 5.6% (879/7902) 

Ethnicity     

   Kinh 94.1% (5626/6787) 94.6% (6606/7889) 

   Non-Kinh 5.9% (1161/6787) 5.4% (1283/7889) 

Residential areas     

   Urban 29.8% (2370/6804) 30.8% (2823/7902) 

   Rural 70.2% (4434/6804) 69.2% (5079/7902) 

Year of schooling: mean (SD) 8.7 (4.0) 7.6 (4.1) 

Monthly income: mean (SD) 76.9 (103.2) 71.8 (80.2) 

Smoking status     

   Never smoker 30.7% (2046/6782) 97.8% (7594/7886) 

   Ex-smoker 14.4% (1190/6782) 0.50% (70/7886) 

   Current daily smoker 54.9% (3546/6782) 1.70% (222/7886) 

Alcohol intake status     

   Low 59.3% (4148/6804) 97.4% (7643/7902) 

   Hazardous 16.6% (1104/6804) 1.8% (189/7902) 

   Harmful 24.1% (1552/6804) 0.9% (70/7902) 

Standard drinks/day: 

 mean (SD) 4.5 (3.6) 1.6 (1.7) 

Fruit/vegetable intake: mean (SD) 3.2 (2.1) 3.2 (1.9) 

Physical activity (mins) 1323.7 (1473.9) 1003.9 (1311.5) 

Weight: mean (SD) 56.8 (9.3) 50.0 (7.7) 

BMI*: mean (SD)  21.5 (3.1) 21.5 (3.0) 

WC: mean (SD) 74.8 (8.9) 71.7 (8.6) 

WHR†: mean (SD) 0.9 (0.9) 0.8 (0.8) 

WHtR‡: mean (SD) 0.5 (0.5) 0.5 (0.5) 

Total cholesterol (mmol/L) 4.7 (0.7) 4.8 (0.7) 

Raised total cholesterol (> 5 mmol/L)  30.1% (1759/5974) 34.0% (2580/7140) 

* Weight-to-(height)² ratio  

† Waist-to-hip ratio 

‡ Waist-to-height ratio 
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Table 5.2. Rank correlations of TC with measures of body size and fatness, socio-

demographic characteristics and behavioural factors by sex 

    Men    Women  

Age 0 .13*** 0 .30*** 

Year of schooling 0 .04 –0 .08*** 

Monthly income 0 .06** 0 .00 

Smoking status 0 .08** 0 .19 

Alcohol intake status 0 .04 0 .02 

Fruit/vegetable intake –0 .01 –0 .03 

Physical activity  –0 .19*** –0 .13*** 

Weight 0 .22*** 0 .22*** 

BMI† 0 .26*** 0 .27*** 

WC 0 .28*** 0 .26*** 

WHR‡ 0 .25*** 0 .23*** 

WHtR§ 0 .29*** 0 .27*** 

*** denotes p<0.00, ** denotes p<0.01, * denotes p<0.05 

† Weight-to-(height)² ratio  

‡ Waist-to-hip ratio 

§ Waist-to-height ratio 
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Figure 5.1. Mean of total cholesterol by age group and sex 

 

Figure 5.2. Means of body mass index and waist circumference by age group and sex  
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In analyses of single year of age data, a quadratic (increasing before decreasing) fit in age to 

the TC data was statistically significant (p=0.002) for men. The maximum fitted mean value 

of TC was reached at age 56 years. For women, there was a step-up (p<0.001) of 3.5% (95% 

CI 1.9%, 5.1%) at age 50 years in the otherwise consistently increasing linear-in-age 

relationship.  

In respect of the relationships of age with BMI or WC in single year of age data, quadratic 

(increasing before decreasing) fits in age were statistically significant for men (BMI p=0.002, 

WC p<0.001) and women (BMI p<0.001, WC p<0.001). The maximum fitted mean values 

for men were 44 years for BMI, and 52 years for WC.  The maximum fitted mean values for 

women were 47 years for BMI, and 57 years for WC. There were not material mean shifts for 

either men or women: the largest found for women were 0.7% (95% CI –1.2%, 2.6%) at age 

47 years in BMI, and 0.9% (95% CI –0.5%, 2.3%) at age 48 years in WC. 

To examine whether the step-up in cholesterol and age at age 50 years for women was 

eliminated by adjustment for other factors including indices of body size and fatness, socio-

demographic characteristics and behavioural factors, the estimated value of the step-up is 

reported in Table 5.3 after adjustment for these factors. The column headings “TC without 

step-up” and “TC with step-up” refer to the mean value of TC for women at age 50 years 

estimated without the step-up and the mean value of TC for women at age 50 years with the 

step-up. For example, if the mean value of TC for women at age 50 years without the step-up 

was estimated to be (say) 5.00 mg/dl and the step-up was estimated to be 0.16 mg/dl, then the 

estimated mean value of TC for women at age 50 years with the step-up would have been 

estimated to be 5.00 + 0.16 = 5.16 mg/dl. In general, if the mean value of TC for women at 

age 50 years without the step-up was estimated to be X mg/dl and the step-up was estimated 

to be 0.16 mg/dl, then the estimated mean value of TC for women at age 50 years with the 

step-up would have been estimated to be X + 0.16 mg/dl. In the unadjusted analysis of the 

data in this study, the mean value of TC for women at age 50 years without the step-up was 

estimated to be 4.73 mg/dl, and the step-up was estimated to be 0.16 mg/dl. Hence the 

estimated mean value of TC for women at age 50 years with the step-up was estimated to be 

4.73 + 0.16 = 4.89 mg/dl. Adjusted for body weight, the mean value of TC for women at age 

50 years without the step-up was estimated to be 4.70 mg/dl and the step-up was estimated to 

be 0.20 mg/dl. The estimated mean value of TC for women at age 50 years with the step-up 

was estimated to be 4.70 + 0.20 = 4.90 mg/dl.  

Table 5.3 presented results for women because the analyses of single year of age data did not 

identify a step-up for men. It would have been pointless to reproduce the results for men. The 
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sample size for Table 5.3 is based on those 7140 women. The sample size for each specific 

analysis is a little smaller than 7140 because a small number of women had missing data on 

factors such as BMI. As an example, the sample size for the regression of TC on age adjusted 

for BMI was 7133. Instead, Table 5.3 shows that the estimate was increased by adjustment for 

weight or BMI. That increase on adjustment requires the step-up to be greatest, on average, 

for women of lesser weight or BMI. Adjusting instead or adjusting additionally for indices 

based on girth produced only minor reductions in the estimated step-up. Adjustment for socio-

demographic characteristics and behavioural factors for women that were associated with TC 

levels had limited impact also (see Table 5.3).  

Also shown in Table 5.3 are estimates of the step-up within strata of weight for age. In this 

sample, the greatest step-up was that estimated for women in the middle third of weight for 

age. The estimated step-up was least for women in the highest third, and intermediate for 

women in the lowest third. At age 50 years, the range of weights for women in this sample 

were 34.0–46.7 kgs (lowest third), 46.8–53.6 kgs (middle third) and 53.7–70.7 kgs (highest 

third). The results (not shown) for stratifications by BMI or girths resembled very closely 

those for stratification by weight. 
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Table 5.3. Estimates of the step-up in the mean value of TC occurring at around 50 years of age for women in Vietnam  

 
Estimate of 

age at step-up 

 TC without step-up   TC with step-up   Percentage increase  

 Mean (95% CI) Mean (95% CI) Step-up (95% CI) 

Unadjusted 50 4.73 (4.68, 4.77) 4.89 (4.85, 4.93) 3.5% (1.9%, 5.1%) 

Adjusted for        

Weight 50 4.70 (4.65, 4.75) 4.90 (4.86, 4.94) 4.2% (2.6%, 5.8%) 

BMI 50 4.70 (4.65, 4.75) 4.88 (4.84, 4.93) 4.0% (2.4%, 5.6%) 

WC 50 4.72 (4.67, 4.77) 4.88 (4.84, 4.93) 3.5% (1.9%, 5.1%) 

WHR 50 4.73 (4.68, 4.78) 4.88 (4.84, 4.93) 3.3% (1.6%, 4.9%) 

WtHR 50 4.72 (4.67, 4.77) 4.87 (4.83, 4.92) 3.3% (1.7%, 4.9%) 

BMI and WC 50 4.70 (4.65, 4.75) 4.88 (4.84, 4.92) 3.9% (2.3%, 5.5%) 

BMI and WHR 50 4.70 (4.65, 4.75) 4.88 (4.84, 4.92) 3.8% (2.2%, 5.4%) 

BMI and WtHR 50 4.70 (4.65, 4.75) 4.88 (4.84, 4.92) 3.8% (2.2%, 5.4%) 

BMI and years of schooling 50 4.70 (4.65, 4.75) 4.87 (4.83, 4.92) 3.7% (2.1%, 5.4%) 

BMI and monthly income 50 4.70 (4.65, 4.75) 4.88 (4.83, 4.93) 3.9% (2.1%, 5.7%) 

BMI and smoking 50 4.69 (4.48, 4.89) 5.00 (4.79, 5.21) 6.7% (-1%, 14.4%) 

BMI and alcohol 50 4.62 (4.50, 4.73) 4.85 (4.74, 4.97) 5.1% (1.2%, 9.0%) 

BMI and fruit/vegetable intake 50 4.70 (4.65, 4.74) 4.88 (4.83, 4.92) 3.9% (2.2%, 5.5%) 

BMI and physical activity 50 4.76 (4.71, 4.82) 4.94 (4.89, 4.99) 3.7% (2.0%, 5.4%) 

Stratified by weight category*        

Lowest third of weight for age 48 4.53 (4.44, 4.61) 4.70 (4.62, 4.78) 3.9% (0.6%, 7.1%) 

Middle third of weight for age 50 4.62 (4.54, 4.71) 4.93 (4.86, 5.01) 6.7% (3.8%, 9.7%) 

Highest third of weight for age 50 4.91 (4.82, 5) 5.05 (4.98, 5.12) 2.9% (0.1%, 5.6%) 

* For women of age 50 years, the weight tertiles were 46.7, 53.6 and 70.7 kgs, and the thirds were 34.0–46.7 kgs, 46.8–53.6 kgs and 53.7–70.7 

kgs. 

† Weight-to-(height)² ratio  

‡ Waist-to-hip ratio 

§ Waist-to-height ratio 
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Table 5.4 present the decomposition of the difference in mean TC between men and women 

aged 50 years or older. The component explained by differences in mean values of the 

anthropometric indices, socio-demographic characteristics and behavioural factors in each 

case was only a small part of the total difference. This was true even in those cases that the 

explained part was statistically significant due to the large sample size. Much the largest part 

of the difference in TC was left unexplained.  

Table 5.4. Decomposition of difference in TC between men and women aged 50 and older* 

(mean TC of men: 4.84 mmol/L and mean TC of women: 5.16 mmol/L) 

 Explained  Unexplained 

 beta  (95% CI)  beta  (95% CI) 

Adjusted for      

Weight 0.11 (0.09, 0.14)  –0.31 (–0.75, 0.13) 

BMI –0.03 (–0.04, –0.01)  –0.24 (–0.73, 0.25) 

WC 0.03 (0.02, 0.05)  0.12 (–0.41, 0.66) 

WHR 0.03 (0.02, 0.05)  0.72 (–0.28, 1.72) 

WHtR –0.06 (–0.08, –0.04)  0.19 (–0.36, 0.74) 

BMI and WC 0.01 (–0.02, 0.03)  0.07 (–0.49, 0.62) 

BMI and WHR –0.01 (–0.03, 0.02)  0.65 (–0.33, 1.64) 

BMI and WHtR –0.05 (–0.07, –0.03)  0.11 (–0.46, 0.69) 

BMI and years of schooling –0.02 (–0.05, 0.00)  –0.17 (–0.67, 0.34) 

BMI and monthly income –0.03 (–0.05, –0.01)  –0.14 (–0.69, 0.39) 

BMI and smoking 0.05 (–0.00, 0.10)  0.27 (–0.86, 1.41) 

BMI and alcohol –0.00 (–0.06, 0.05)  0.02 (–1.09, 1.13) 

BMI and fruit/vegetable intake –0.03 (–0.04, –0.01)  –0.21 (–0.70, 0.28) 

BMI and physical activity –0.04 (–0.06, –0.01)  –0.22 (–0.73, 0.29) 

*Data in bold denote statistically significant results. 

 

5.5 Discussion 

The key finding of this cross-sectional study was that the mean TC of women increased more 

of less continuously across the age range but with a step-up at age 50 years to reach higher 

concentrations than those of their male counterparts in a reversal of the male-female 

difference at lesser adult ages. The estimated step-up was not eliminated by adjustment for 

anthropometric indices including BMI or WC, or for socio-demographic characteristics or 

behavioural factors. The estimated step-up was least for women with greatest weight or 

greatest weight relative to height or WC.   

Higher concentrations of TC among young adult men than among young adult women, and 

the reversal of the sex difference at mid-life that we observed, have been described previously 

in published reports of studies conducted in Wisconsin in the north-central United States [7] 

and Denmark [8]. The reversal can be identified in summary data from cross-sectional 
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surveys conducted in Australia [9, 10, 28]. In Asian populations, the same has been observed 

in Korea [19, 29] and China [12, 30].  

There is general consensus that the increases in TC across the young to middle-aged adult 

lifespan are related to increasing body size and fatness. The distribution of body fat may be an 

important determinant of sex differences in lipids, but possibly more so for triglycerides and 

HDL cholesterol than for TC [7, 31-33]. In our cross-sectional data, the women reached 

higher peak values of BMI and similar peak values of WC in their mid-50s, around 3 to 5 

years of age later than the men. For this reason, it might be expected that the higher male-

than-female mean values of TC found among younger subjects would be reversed among 

those subjects who had reached mid-life. On the other hand, our cross-sectional data on body 

size and fat distribution provided no reason to expect the step-up in TC for women that was 

found at age 50 years. In consequence, adjusting for anthropometric indices of body size and 

fatness attenuate the estimate of the step-up suggesting it was not due to increases in that 

factor. 

Ageing, menopause, and increased risk of CVD for women occur concurrently [34]. Lipid 

profiles change around the time of menopause, in part related to chronologic aging and in part 

related to the menopausal transition itself [34]. Changes in TC during the menopausal 

transition for middle-aged women have been observed in both cross-sectional and longitudinal 

studies. A cross-sectional analysis of 9309 Italian women free from hormonal treatment 

demonstrated significant differences in TC for women grouped by menopausal stage, with TC 

being 6.9% higher (4.4% higher after adjustment for related covariates) post-menopause than 

pre-menopause [35]. The menopausal transition has been linked with an accelerated increase 

in TC of women in longitudinal studies conducted in the United States [20, 36], Australia [37]  

and  China [13, 14]. The estimated step-up in this study occurred at an age by which many or 

most women would have completed or nearly completed the menopausal transition. The 

average age of menopause in Vietnam has been reported to be 48 or 49 years [38], and this 

coincides remarkably closely with the pronounced increases in mean levels of TC at age 50 

years we observed. Biologically, estrogens are a group of sex hormones that promote the 

development and maintenance of female characteristics in the human body [39]. Estrogen can 

reduce triglycerides synthesis, increase liver uptake of LDL-cholesterol and secretion of 

cholic acid, accelerate cholesterol removal in vivo, and thereby reduce the serum 

triglycerides, TC and LDL-cholesterol levels [40, 41]. Reduced estrogen levels at menopause 

dampen the metabolic activity of macrophages, and thereby contribute to lipid accumulation.  
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A consideration in this study was whether weight modifies the relationship between TC and 

estrogen levels during the menopausal transition. In the Study of Women’s Health Across the 

Nation (SWAN), a large prospective study conducted in 7 sites in the USA, the heaviest 

women had the smallest increases in TC while the lightest women experienced the greatest 

increases in TC during the menopausal transition [20]. In this population sample also, the 

estimated step-up in TC was markedly lower for women of greatest weight or greatest weight 

relative to height, or greatest WC. The lightest Vietnamese women did not have the greatest 

step-up, however. Those women were much lighter in weight than any in the SWAN, and it 

may be that the SWAN finding does not extend to the lower end of the range of body weights 

that exists for women in the Vietnamese population.  

Sociodemographic characteristics and lifestyle factors may have an effect on lipid profiles 

[42], and associations of these factors with TC have been observed in some studies [43-46]. 

Nevertheless, these factors did not explain the step-up in TC among middle-age Vietnamese 

women. This is consistent with the findings of longitudinal studies of mainly Caucasian 

women  in the United States [20], Italy [33], and Melbourne [37].  

The results of the decomposition analysis confirmed the inference that the higher female-than-

male mean TC concentrations from age 50 years onwards were not due to differences in mean 

levels of measured factors such as age, body fatness including its distribution, socio-

demographic characteristics, and behavioural factors. The decomposition analysis raised two 

possibilities without resolution of which of those possibilities is most likely. First, the higher 

female-than-male concentrations of TC may be due to differential effects of the measured 

factors on TC for men and women. Second, the higher levels for women may be due to 

unmeasured factors. In respect of the first possibility, no differential effects were identified in 

the single factor interaction analyses that I performed. The dataset of 14,706 participants that 

was analysed in this study should have been large enough to identify small differences had 

they been present. Nevertheless, it is possible that the higher female-than-male TC 

concentrations from age 50 years are due to a complex interplay of multiple factors that may 

require very large datasets to disentangle. In respect of the second possibility, the timing of 

the step-up at age 50 years supports the inference that, if an unmeasured factor is responsible, 

it might be the decrease in the production of estrogen by the ovaries of women that occurs at 

the time of menopause.  

This study has several strengths. The data were collected from a nationally-representative 

survey of the Vietnamese population. The large sample was stratified by sex and rural/urban 

location, and the availability of data on range of lifestyle risk factors for non-communicable 
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disease made it possible to take account of potential confounding factors. All measurements 

were made by trained staff in accordance with standardised protocols designed by the WHO. 

All participants fasted in preparation for the test of TC. That the Vietnamese population is 

relatively slim in comparison to Western populations, and naïve in respect of HRT, arguably 

provided greater opportunity to observe increases in the TC concentrations of the middle-aged 

women in this study. That few of the women smoked or drank alcohol might have been an 

advantage also.    

However, this study has some limitations that need to be taken into account. First, whilst the 

response proportion was high given the demands of participation in the study, the possibility 

of non-participation bias cannot be discounted. Second, some environmental factors such as 

years of smoking, alcohol consumption, fruit/vegetable serves, and physical activity were 

self-reported. Nevertheless, we used the STEPS standardised questionnaires administered in 

accordance with WHO protocols in an attempt to ensure consistency in measurement and, in 

our hands, the self-reported data had some evidence of construct validity [47-50]. Third, study 

participants contributed a single blood sample for cholesterol assessment, and hence 

intraindividual variation in cholesterol level could not be assessed or taken into account. 

Fourth, information was not collected on the menopausal status of our female participants. 

Those aged 50 years would have been in a mixture of stages of menopause, and this is likely 

to have obscured partially the true step-up that occurred. In addition, we did not have 

information on use of HRT, though it is thought to be limited in Vietnam and confined to 

women of higher wealth. Fifth, we did not have detailed measurements of some important risk 

factors for NCD including diet. Failing to adjust for such factors may have influenced the 

findings. Finally, we cannot discount cohort effects in this study given that these are cross-

sectional data. 

5.6 Conclusion 

In conclusion, there is a marked step-up in TC at age 50 years for Vietnamese women that 

cannot be explained by their age, or by their body fatness or its distribution, or by their socio-

demographic characteristics or behavioural factors, and which results in greater mean levels 

of TC for middle-aged women than for their male counterparts in Vietnam. 

5.7 Postscript 

The research presented in this chapter has shown that the mean TC of Vietnamese women 

increased more of less continuously across the age range studied (25-64 years) but with an 

increase of 3.5% in mean TC at age 50 years to reach higher concentrations than those of their 



Chapter 5– Factors influence sex differences in total cholesterol of Vietnamese adults  111 

male counterparts in a reversal of the male-female difference at lesser adult ages. This “step-

up” in TC at age 50 years was estimated using the data for all 7140 female participants in the 

sample, and could not be explained by their age, or by their body fatness or its distribution, or 

by their socio-demographic characteristics or behavioural factors. The next chapter will 

summarise all of the findings, discuss their implications, and identify future directions for 

research. 
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5.9 Appendix 5A 

 

Means of body mass index by age group and sex 

 

Means of waist circumference by age group and sex 
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Chapter 6. Summary, implications, future directions 

and conclusions 

6.1 Preface 

This chapter draws together the main findings and conclusions, summarizes the collective 

contribution of studies reported in the thesis, and presents recommendation for future 

research. 

6.2 Background 

Non-communicable diseases such as CVD, cancer, chronic respiratory disease and diabetes 

are leading causes of mortality [1]. They are collectively responsible for almost 70% of all 

deaths worldwide [2]. NCDs not only cause premature death but also have major adverse 

effects on the quality of life of affected individuals and have large adverse economic 

consequence for families, communities and societies. The rise of NCDs has been driven by 

forces that include rapid urbanization, unhealthy lifestyles and population ageing. Unhealthy 

diets (those high in fat, free sugars and salt) and a lack of physical activity are examples of 

unhealthy lifestyle factors that have repercussions in terms of overweight/obesity, raised BP, 

elevated BG, and raised TC that can lead to CVD, the leading NCD in terms of premature 

deaths. In terms of attributable deaths, the leading biological risk factor globally is raised BP 

(to which 19% of global deaths are attributed), followed by overweight and obesity, elevated 

BG and raised TC [2].  

In Vietnam, data aggregated from hospital records have indicated that there was a 30% 

increase in NCD morbidity and mortality rates between 1976 and 2015 [3]. As part of a 

comprehensive strategy to reduce NCD morbidity and mortality, public health actions and 

primary care improvements are among the health system responses required to reduce the 

prevalence and impact of the risk factors for NCDs. Monitoring the occurrence and trends in 

prevalence of NCDs and their risk factors is important for guiding policy and priorities, and 

for evaluating the impact of interventions.  

Using data from a national survey of NCD risk factors, the main aim of the research reported 

in this thesis was to study the occurrence of four pathophysiological risk factors - overweight 

and obesity, raised BP, elevated BG, and raised TC – and their relationships with each other 

and with relevant socio-demographical and lifestyle factors. A particular focus was to 

investigate sex-differences in the mean levels or prevalence of NCD risk factors and their 

relationships with predisposing factors. 
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6.3 Methods 

A population-based survey was conducted during 2009−10 using the WHO STEPS 

methodology [4]. Participants (n=14 706, response proportion 64.1%) aged 25 to 64 years 

from eight provinces (Thai Nguyen, Hoa Binh, Ha Noi, Hue, Binh Dinh, Dak Lak, Ho Chi 

Minh and Can Tho) representative of the eight geographical regions of Vietnam, were 

selected by multi-stage stratified cluster sampling. The four studies reported in this thesis 

provide detailed information on findings in relation to four physiological risk factors for 

NCDs. The risk factors were obesity and overweight, high BP or hypertension, elevated BG, 

and raised TC. All measurements were performed in accordance with the STEPS protocols. 

All analyses were performed using complex survey methods provided by Stata version 15.0. 

6.4 Summary of main findings 

The key findings from this thesis are summarised as follows:  

The importance of waist circumference and body mass index in cross-sectional 

relationship with risk of cardiovascular disease  

Study 1 evaluated the separate and relative importance of WC and BMI in cross-sectional 

relationships with BP, BG and TC. The measurements of WC and BMI were highly correlated 

(men r=0.80, women r=0.77) with each having lesser but statistically significant correlations 

with BP, BG and TC. For men, the strongest and predominant associations with BP, glucose, 

and TC were for WC or an index based on WC. For women, this was true for BG, but BMI 

was more important for BP and TC. WC or an index based on WC provided better 

discrimination than BMI of hypertension and elevated BG, and of raised TC for men. 

Information on four new anthropometric indices – Body Adiposity Index, Abdominal Volume 

Index, Conicity Index, and A Body Shape Index – did not improve model fit or subject 

discrimination. 

Misclassification of blood pressure of Vietnamese adults when only a single 

measurement is used  

Study 2 examined the potential misclassification of blood pressure when only a single 

measurement is used. For systolic BP, 62.7% of participants had a higher first reading whilst 

30.0% had a lower first reading, and 27.3% had a reduction of at least 5mmHg whilst 9.6% 

had an increase of at least 5mmHg. Irrespective of direction of change, increased variability in 

BP was associated with greater age, urban living, greater body size and fatness, reduced 

physical activity levels, elevated BG, and raised TC. As the consequence of reading-to-
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reading variability in BP measurements, almost 20% of subjects would receive a different 

diagnosis of hypertension based on the mean of two readings than they would when the 

diagnosis is based on a single reading. The results of this study do not generalise to the 

international protocols which recommend taking at least two BP measurements on two visits, 

but they do shed light on the consequences of taking a single reading with an automatic BP 

monitor and indirectly on the practice of taking a single reading with a sphygmomanometer. 

The interdependence of blood pressure and glucose 

Study 3 examined the relationship of systolic BP and BG with measures of obesity and central 

fat distribution and other factors whilst taking account of the inter-dependence between 

systolic BP and BG. Structural modelling identified direct effects for systolic BP (men 

P=0.036, women P=0.000) and WC (men P=0.032, women P=0.009) in the estimation of BG, 

and for BG (men P=0.000, women P=0.029), age (men P=0.000, women P=0.000) and BMI 

(men P=0.000, women P=0.000) in the estimation of systolic BP. There were indirect effects 

for age, cholesterol, physical activity and tobacco smoking via their influence on WC and 

BMI. The errors in estimation of systolic BP and BG were correlated (men P=0.000, women 

P=0.004), the stability indices (men 0.466, women 0.495) showed that the non-recursive 

models were stable, and the proportion of variance explained was solid (men 0.553, women 

0.579). 

Factors that influence sex differences in total cholesterol of Vietnamese adults 

Study 4 investigated whether there is evidence of higher female-than-male mean levels of TC 

in Vietnam and, if so, whether it can be explained by ageing, by overweight and obesity, or by 

socio-demographic characteristics and behavioural factors. Men and women had similar mean 

levels of BMI, and men had modestly higher mean levels of WC, in each 5-year age category. 

Whilst the mean TC of men increased with age until age 56 years, the mean TC of women 

increased more of less continuously across the age range but with a step-up at age 50 years to 

reach higher concentrations in a reversal of the male-female difference at lesser ages. The 

estimated step-up was not eliminated by adjustment for anthropometric indices including BMI 

or WC, or by adjustment for socio-demographic characteristics or behavioural factors. The 

estimated step-up was least for women with greatest weight. 

6.5 Implications of the research  

The research findings presented in this thesis provide novel information on sex differences in 

four NCD risk factors (overweight or obesity, high BP, elevated BG and raised TC) and on 

the associations of overweight and obesity with other three pathophysiological risk factors. 
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The factors identified have high importance as potential targets for interventions to reduce 

CVD risk. The findings have relevance for Vietnam as for other countries, and possibly more 

consequence for Vietnam because it is a country in the early stages of industrialisation and 

urbanisation. The findings add to conviction about the causal pathways leading to NCDs and 

provide confirmation that early intervention to restrict the looming rise in obesity and 

overweight is required. They also add to knowledge about pathophysiological factors of 

NCDs and make a significant contribution to the development of an evidence base for public 

health policy-making in response to increasing NCD morbidity and mortality in Vietnam. The 

results provide novel information on major risk factors for CVD in Asian populations. The 

findings of the thesis have several important public health implications that are discussed in 

the following section. 

6.5.1. Implications of sex differences in NCD risk factors and their 

associations. 

The cross-sectional research findings presented in Chapter 2 of this thesis suggest that for 

Vietnamese men, who are on average taller and heavier than Vietnamese women but have 

similar body fatness and central fat deposition as assessed by BMI and waist-to-height ratio,  

the most sensitive indicator of increased CVD risk (hypertension, elevated BG, and raised 

TC) is any increase in central fat deposition as indicated by an expansion of their waistlines. 

For women, both BMI and WC were important suggesting that any increase in body fatness is 

detrimental. Alternative anthropometric indices did not provide improved prediction or 

improved subject discrimination of CVD risk. These findings are consistent with those of 

studies conducted in Japanese [5], Chinese [6], and Pima Indian [7] populations. They are in 

accordance with the findings of a study that showed women with type 2 diabetes have 

significantly higher BMI irrespective of body shape than women without type 2 diabetes [8]. 

Some trials have indicated that women lose less weight than males including the more 

harmful visceral fat mass [9]. Lifestyle intervention programs are effective in the prevention 

of CVDs in high risk populations, and these interventions need to pay attention to gender 

effectiveness. Sex differences were found in the Prevention of Diabetes and Obesity in South 

Asians study between Pakistani and Indian male and female migrants [10]. Asian men in the 

intervention arm (culturally adapted diet and physical activity) had higher weight loss 

compared to Asian women [10]. This finding was corroborated by a study investigating 

lifestyle effects on Asian Indian migrants older than 50 years. Asian Indian men had 

significant reductions in body weight, body fat, waist circumference, and abdominal fat, 

whereas for women these changes were not observed after 5 months of intervention [11]. Men 
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may have higher benefit of a low-fat diet and defined physical activity interventions. In 

contrast, pharmacological approaches are more successful in reducing and maintaining weight 

in women.  

These results have potential implications for public health strategies and indicate that sex-

specific preventive measures may be needed. For men, increased emphasis on protein-rich 

and low-carbohydrate foods and aerobic exercise may be required in an effort to minimise 

central fat deposition as part of a healthy diet and active lifestyle. Based on NHANES III data, 

99.9% of men and 98.49% of women would have received the same treatment 

recommendations proposed by the National Heart, Lung, and Blood Institute Expert Panel by 

evaluating BMI and other cardiovascular risk factors, without an assessment of WC [12]. 

Waist circumference in men and BMI in women should be given more importance in the 

screening of and guidelines on hypertension and metabolic abnormalities in Asians. The 

waist-to-height ratio would also be useful for assessing hypertension risk among populations 

with various body sizes. Our conclusion is that both BMI and WC are important in delineating 

risk of CVD in Vietnam, and that both BMI and WC are necessary to define risk in a 

population with lower mean levels of body size and fatness than found in Western countries. 

The findings verify that increases in risk commence from lower levels of body size and 

fatness than generally seen in a Western country. In Asian populations, diabetes screenings 

are recommended to begin at lower BMI’s than in other ethnicities (23 vs 25 kg/m2 ), due to 

differences in body composition (higher amount of visceral fat), higher insulin resistance, and 

lower second phase insulin secretion [13].  Men appear to be more susceptible to diabetes all 

over the world; they are diagnosed at younger age and at lower levels of overweight/obesity. 

The results of this study strengthen the case for intervention to promote healthy eating and 

physical activity in order to prevent future increases in overweight/ obesity even though the 

mean levels of BMI or WC are not at alarming levels at present. It places more importance on 

the emerging problem of obesity and related chronic diseases in Vietnam. WC may also be 

added to nuance estimation of CVD risk when indicated.  

The findings presented in Chapter 3 of this thesis that men also had higher mean levels of BP 

(SBP, DBP, PP and MAP) than women, and greater proportions of hypertensive individuals, 

were consistent with the findings of other studies. The mean values and hypertensive 

proportions were similar to values reported for other Southeast Asian nations, but lower than 

those for Western nations [14]. In all other respects, the observable manifestations of the 

physiology of BP and BP variability for the male participants in this study appeared to be 

virtually identical to that of female participants of similar age. The summary information 
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presented on socio-demographic, behavioural and pathophysiological factors reflects the 

changing NCD risk factor profile of a country undergoing rapid industrialization and 

urbanisation. For example, previous studies found that greater schooling and income were 

associated with reduced PA and higher BMI [15, 16]. Increased adiposity and hypertension 

are a predicted consequence of the urbanisation that Vietnam has experienced in the recent 

past [17]. Our findings in respect of the sex differences in the mean levels of systolic BP and 

diastolic BP or prevalence of hypertension provide valuable information that could help 

public health authorities in planning and evaluating NCD intervention strategies. For instance, 

the sex difference in proportions with raised blood pressure highlights the need for sex-

specific interventions to address risk factors. Reducing prevalence of tobacco smoking and 

alcohol consumption by men, an established risk factor for hypertension, should be a priority. 

Chapter 4 of this thesis presented statistical evidence of a feedback loop between systolic BP 

and BG that needs to be taken into account in their estimation. There were no major sex 

differences in the factors found to be associated with systolic BP and BG.  The exceptions to 

this were alcohol intake (a primary explanatory factor for systolic BP of men) and some minor 

difference in action of tobacco smoking. Previous studies using these data have shown that 

any contribution of tobacco smoking and alcohol consumption was specific to males in 

Vietnamese population because few of the women smoke or consume alcohol [18, 19]. This 

may reflect the cultural practice in Vietnam and in other Asian countries that smoking and 

drinking by women is considered by Asian people to be inappropriate and associated with 

“loose morals” [20]. Although alcohol use and harmful consumption is less pronounced in 

Vietnam than in Western countries [21], these behaviours are much more common among 

Vietnamese men than women. TC (possibly as a marker of saturated fat intake) and physical 

activity were identified as targets of intervention for overweight and obesity, and indirectly 

for BG and systolic BP. Moreover, females were found to be significantly more inactive than 

males. One study has shown that lifestyle interventions effectively reduced diabetes risk by 

almost 60% [22]. In another study, a CVD risk reduction of nearly 40% was observed after 1 

and 3 years accompanied by a significant weight loss of nearly 2.5 kg after 3 years [23]. 

Promotion of healthy behaviour is important with special attention to those aspects of lifestyle 

changes which are healthy nutrition in men and physical activity in women [24, 25]. In a 

cluster randomised trial study, the female risk of cardiovascular mortality and all-cause 

mortality after 23 years of follow up was reduced by more than 50% in the intervention group 

compared to usual care, whereas no intervention effect was found for men [26]. Part of this 

might be explained by a high prevalence of smoking in men compared to low prevalence in 
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women [26]. Given that there are strong links between hazardous/harmful, binge drinking, 

smoking, and physical activity and chronic disease outcomes such as hypertension [27] and 

CVD [28], our findings indicate that culturally appropriate public health strategies to reduce 

hazardous/harmful drinking  and smoking behaviour particularly for men, physical activity in 

women are needed.  

A marked increase in TC at age 50 years for Vietnamese women, which results in greater 

mean levels of TC among middle-aged women than their male counterparts in Vietnam, was 

identified in Chapter 5. The step-up could not be explained by their age, or by their body 

fatness or its distribution, or by their socio-demographic characteristics or behavioural 

attributes. Cholesterol reduction is effective in reducing morbidity and mortality from CVD, 

and there may be a case for the Government of the Socialist Republic of Vietnam to invest in 

HRT. Standard clinic guidelines on HRT in Vietnam have not been developed or issued. 

Research conducted by Vietnamese doctors show that the country's average age of menopause 

is 48 or 49 years [29] and this coincides remarkably closely with the pronounced increases in 

mean levels of TC that occurs at around 50 years of age for women in Vietnam. The gender 

and age differences in TC levels found in this study suggest that middle-aged Vietnamese 

women should be the prioritized target for better control of dyslipidaemia and early 

prevention of cardiovascular disease. 

6.5.2. Implications of the findings on measurement issues 

Our findings indicated that BMI and WC were independently associated with CVD risk 

factors. There were differences in the gender-specific relevance of measures of body size and 

fat distribution in assessing the risk of CVD in Vietnam. Therefore, WC should be measured 

in addition to BMI to assess CVD risk accurately and implement efficient treatment strategies. 

Although BMI is ideally suited for population-level studies, describing obesity by BMI can 

result in inaccurate assessment of adiposity, because the numerator (weight) in the calculation 

of BMI does not distinguish lean muscle from fat mass [30]. Given that the body fat increases 

and muscle mass decreases with age [31], changes in height, weight, and BMI may not 

correspond to proportional changes in body fat or muscle mass. Thus, a person with central 

obesity (with excessive visceral fat) can have a normal BMI and yet will have a high mortality 

risk [32]. This is consistent with our finding that, for men, WC is a more sensitive indicator of 

CVD risk than BMI.  BMI also does not take sex differences in the distribution of fat or age-

related decline in muscle mass into consideration. In contrast, adiposity measurements such as 

WC and WHR were strongly associated with CVD, even after adjustment for other risk 

factors [33]. This compelling evidence shows that fat distribution may be critical in 
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determining the cardiovascular risk associated with obesity. The main drawback of WC seems 

to be its lack of ability to differentiate subcutaneous from visceral fat deposition [34]. Both 

WC and WHR seem to be useful measures of adiposity for population-level studies, but WHR 

is not a specific indicator of abdominal visceral fat accumulation. Moreover, WHR, like BMI, 

is a ratio metric that will be high in individuals with a large waist or narrow hips [30]. 

Consideration of all the above features suggests that quantification of obesity using 

measurement of WC could solve the mystery of the obesity paradox. The recently reported 

concept of ‘normal weight obesity’ and its association with high mortality risk in patients with 

CVD [35] suggests that other adiposity measures, alone or in combination with BMI, may be 

more appropriate to predict CVD risks [36]. 

The findings reported in Chapter 3 of this thesis demonstrated that almost 20% of the 25-64 

year- old population of Vietnam would receive a different diagnosis of hypertension based on 

the mean of two readings than they would when the diagnosis is based on a single reading. 

This is a consequence of reading-to-reading variability in BP measurements. These findings 

are consistent with those of other studies that have concluded hypertension diagnosis based on 

a single clinic measurement would misclassify potentially a large proportion of patients [37-

39]. As far as I can tell from measurements made at a single visit with an automated device, 

the international protocols for the measurement of BP would improve diagnostic accuracy in 

Vietnam also. Irrespective of direction of change, increased variability in BP was associated 

with greater age, urban living, greater body size and fatness, reduced physical activity levels, 

elevated glucose, and raised TC. The factors associated with BP variability suggest that the 

variability will become more pronounced as Vietnam transitions to more urbanised and 

affluent lifestyles, in which case arguments for adoption of the international protocols will 

grow stronger. The use of newer technology, adoption of international protocols, and better 

training of community-based medical staff are steps that can be taken to improve to the 

monitoring of BP and hypertension. There is a need also for quality assurance programs in BP 

measurement to ensure that hypertension is properly diagnosed. 

For definition of raised TC, using the general guidelines, raised TC is defined as having TC 

equal to or greater than 6.2 mmol/L (or 240 mg/dL) [40] while the definition of raised TC 

used in the STEPS survey protocols designed by WHO is TC greater than 5.0 mmol/L [4]. 

The WHO definition of non-ideal cholesterol has the advantage of retaining useable numbers 

of subjects in the at-risk category. The cut-point of total cholesterol > 5 mmol/L classified 

30% of this sample (men 28%, women 32%) as having elevated cholesterol. Had WHO 

chosen a higher cut-point, the at-risk category would have been sparsely populated. For 



Chapter 6 – Summary, implications, future directions and conclusions 126 

example, a cut-point of 6.2mmol/L would have classified just 3.14% (men 2.74%, women 

3.51%) as having very high cholesterol. Nevertheless, had we used the cut point 6.2mmol/L, 

the results would have been unchanged qualitatively (WC or an index based on WC continues 

to the strongest associations and discrimination for men and for glucose of women, whilst 

BMI or weight provides the strongest associations with BP and total cholesterol for women). 

These results suggest that those using STEPS protocols need to consider the definition of 

raised TC that is appropriate for their population. Furthermore, although the validity of the 

summary estimates for inter-country comparisons was tested through the prism of inter-

province comparisons within one country, and to the extent that the results can be generalised 

in this way, the findings hint that the STEPS methodology is appropriate for the intended 

purpose of cross- cultural comparisons. 

6.5.3. Implications for NCD intervention policy 

The studies reported in this thesis have identified a central role for body size and fatness in 

contributing to pathophysiological outcomes more proximal to CVD. Many of the causes of 

overweight and obesity are preventable and reversable. However, no country has been able to 

reverse the growth of this epidemic. Future worsening of NCD risk factors in Vietnam can be 

expected in consequence of an aging population, rapid urbanization, increasingly sedentary 

lifestyles and more energy-dense diets [42]. Lowering the risk of overweight and obesity 

includes reducing the number of calories consumed from fats and sugars, increasing the 

portion of daily intake of fruit, vegetables, legumes, whole grains and nuts, and engaging in 

regular physical activity. Specifically intervening to reduce central obesity may require focus 

to be placed on diets high in protein and low in carbohydrates, and on aerobic exercise. The 

development and implementation of obesity prevention strategies should target factors 

contributing to obesity (food, physical activity, and the broader socioeconomic environments) 

and barriers to lifestyle change at personal (directly influence behaviour aiming at improving 

eating and physical activity behaviour). 

The findings revealed widespread use of tobacco and alcohol consumption in men, low 

consumption of fruits and vegetables, low physical activity levels in women, and a high 

proportion of raised BP in men. The cost-effective policies and interventions to reduce the 

prevalence of raised BP required a comprehensive set of population-wide and individual 

interventions and policies to address the modifiable risk factors such as reducing harmful use 

of alcohol, smoking and physical inactivity, population intake of salt/ sodium, and increasing 

the consumption of fruits and vegetables. 
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Given the demographic and economic transition underway in Vietnam, the findings in 

Chapter 4 strengthens the case for physical activity and dietary interventions in the prevention 

of hypertension and diabetes in Vietnam. Moreover, this result has important implications in 

the clinical setting and the delivery of care. Patients with either elevated BG or high BP may 

need to be identified early and treated promptly for the precursor of the other condition. The 

UK Prospective Diabetes Study showed that each 10 mmHg decrease in mean systolic BP 

was associated with 12% reduction in the risk for any complication related to diabetes, 15% 

reduction in deaths related to diabetes, 11% reduction in myocardial infraction and 13% 

reduction in microvascular complications [43]. 

The findings in this thesis suggest a need for the adoption of population-based approaches to 

prevention, and the need for information on which to base cost-effective interventions to 

reduce individual risk. This needs appropriate tailoring to the particular context of low-

income countries like Vietnam. A life-cycle approach to preventive interventions such as 

reducing salt intake and controlling tobacco use and alcohol consumption at the population 

level may forestall the cumulative effects of multiple risk factors over time. At the individual 

level, interventions should target vulnerable groups such as older age groups. Even so, our 

study suggests that gains in efficiency could follow from identifying a smaller group of 

individuals – such as people with either elevated BG or high BP (Chapter 3), or middle-aged 

women (Chapter 5) – who could benefit from individual intervention. 

6.6 Strengths and limitations of this research 

This research has several strengths. First, the participants were a nationally-representative 

population-based sample selected by multi-stage stratified sampling with probabilities 

proportional to cluster size at the penultimate stage and with equal probabilities at the final 

stage. The large sample was stratified by sex and rural/urban location, and availability of data 

on a range of lifestyle risk factors for NCD made it possible to take account of confounding, 

modifying, and mediating factors that were able to be – and were – investigated in the 

analytical process. Second, data collection was made by trained staff in accordance with 

standardised protocols designed by the WHO to minimise random error and bias and using a 

culturally-sensitive instrument that had been translated and back-translated. Third, the BP 

measurements were made by well-calibrated automatic BP monitors, and all participants had 

fasted prior to having tests of BG and TC in capillary blood by a sophisticated device feasible 

in large-scale fieldwork. Fourth, the investigations undertaken and reported in this thesis 

benefited from several factors that made Vietnam an excellent setting for this research. These 
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factors include high ascertainment of eligible subjects due to access we had to comprehensive 

administrative records, the lean body size of the population that allowed testing of 

associations at the lower end of the distribution of body size and fatness that is not well-

represented in Western studies, the similarities in the distribution of weight and BMI (but not 

waist circumference) of men and women in the population that helped to eliminate 

confounding by those factors, the very low prevalence of tobacco smoking and alcohol intake 

by Vietnamese women that minimised the causal influence of those factors on the outcomes 

investigated for women, the use of single measurements of BP in usual clinical practice that 

enabled inferences to be drawn of misclassification of BP, and the non-use of HRT in the 

female population. 

There are some limitations that need to be considered when interpreting the findings from this 

research. First, whilst the response proportion was high for a study requiring lengthy clinic 

attendance with overnight fasting and blood-sampling, the possibility of non-participation 

bias cannot be discounted. Second, despite anthropometric, and automated measurements of 

BP, BG and TC, with automated equipment in accordance with strict protocols in this survey, 

measurement errors could have occurred for other reasons (such as faulty recall of medication 

use in treatment of hypertension or elevated BG). Third, BP measurements in accordance with 

STEPS protocols were made on the right arm only while the new ACC/AHA protocol 

requires measurement of BP on the arm with the highest reading if there are inter-arm 

differences [5], and this may have led to underestimation of the BP of some people. Fourth, 

many of the exposure variables – including smoking status, alcohol level, fruit/vegetable 

serves, and physical activity – were self-reported, and liable therefore to random and possibly 

systematic errors of recall. Nevertheless, we used the STEPS standardised questionnaires 

administered in accordance with WHO protocols in an attempt to ensure consistency in 

measurement and, in our hands, the self-reported data had some evidence of construct validity 

[19, 43-45]. Fifth, information was not available on HRT use. In consequence, it was not 

possible to confirm the relationship between TC and menopause status in women. However, 

the use of HRT in Vietnam is believed to be minimal and confined to women of higher 

wealth. Finally, the cross-sectional nature of the data limits the causal inferences that can be 

drawn about the relationship between exposures and the outcome of each studies. 

6.7 Directions of future research 

Reporting of the work undertaken in this thesis has broadened the knowledge of 

pathophysiological risk factors of NCDs and contributed significantly to the understanding of 



Chapter 6 – Summary, implications, future directions and conclusions 129 

the NCD risk profile of the Vietnamese population. Furthermore, it has brought to light 

several gaps that need to be filled by further research. These gaps are listed in the following 

paragraphs. 

The second study in this thesis suggests that a single BP measurement is inadequate in 

monitoring patients with hypertension. To comply with the international protocols, several 

measurements are needed to assess the status of BP. Further work is needed to identify the 

best strategy in respect of BP measurement in order to maximize patient outcomes in a 

developing country with limited medical resources. The findings contribute to an evidence-

base for changes in clinical practice that, whilst resource intensive, should lower costs in the 

longer run because the precision of diagnosis of hypertension would be improved. 

Longitudinal studies are needed to confirm the cross-sectional findings reported in this thesis. 

First, these studies would investigate the contribution of BMI and WC to elevation in levels of 

BP, BG and TC to confirm my findings that there are no differences by sex in the contribution 

of body size and fatness to CVD risk factors. Second, they would enable investigation of the 

interdependence of BP and BG and the contributions made by other factors to confirm the 

feedback loop found in association with BP and BG and verify the relationships represented 

in the structural models estimated. Third, they would help to confirm that the age-related 

increases in mean levels of TC are not attributable to cohort or period trends that cannot be 

disentangled in purely cross-sectional data. These findings will provide strong evidence for 

establishing policy responses for CVD management. 

The investigations reported in this thesis suggested a central role for body size and fatness in 

contributing to pathophysiological outcomes more proximal to CVD. Future investigations 

are needed to better quantify the specific burdens of morbidity and mortality, and the impacts 

on quality of life, associated with obesity across these relationships. It is important to estimate 

the impacts of obesity on the burdens of CVD morbidity and mortality and assess the 

reduction in these burdens that may be possible if interventions to control obesity were 

implemented. It will require either cohort studies with a very large sample, or intervention 

studies, to investigate whether there are reciprocal relationships between obesity and quality 

of life such that obesity negatively affects quality of life, and improvements in quality of life 

have positive impacts on obesity.  

It is speculated that increases in TC may be related to unhealthy food consumption by the 

Vietnamese population. Recent societal changes and rapid urbanisation in Vietnam have sped 

up this change in lifestyle, particularly in urban areas. Consequently, in comparison with the 
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rural people, people living in urban areas can more easily access junk food, oily-preserved 

foods and already-cooked meals in the streets of the cities. In contrast, the poor economic 

situation in rural areas causes people to reuse cooking oils and store prepared foods in oil to 

keep them edible for a longer period without needing to be refrigerated. The ingestion of 

saturated fats used in cooking or as oil-rich foods or ingredients can lead to abnormal lipid 

levels of members of the population. Unfortunately, the data used in this thesis did not 

provide information on diet other than servings of fruit and vegetables. Further studies of the 

relationships of dietary intake and patterns with TC levels are recommended to investigate 

whether there is a relationship between unhealthy food consumption and TC levels in 

Vietnamese population and, if so, what the pattern of this relationship is. 

6.8 Conclusions 

Taken together, the results of this research have important implications for the prevention and 

management of chronic disease in Vietnam and for the health system of the country. The 

findings verify the need to measure both WC and BMI when monitoring prevalence of, and 

trends in, overweight and obesity. They are consistent with overweight and obesity playing a 

primary aetiological role in elevations of BP, BG and TC that are precursors to chronic 

disease. This project has produced novel population-based findings that suggest a contributing 

role for overweight and obesity in BP variability, and demonstrated the appropriateness and 

benefits of adopting international protocols in the measurement of BP. Additionally, by 

providing statistical evidence of a feedback loop between elevated BG and raised BP, there is 

new understanding of the contribution that overweight and obesity makes to igniting a 

cascading spiral of mutually-reinforcing pathological outcomes. This reinforces the 

importance of intervention targeting body size and fatness. The results identify physical 

activity and tobacco smoking – and suggest saturated fat intake – as targets of intervention 

designed to restrict the growth in overweight and obesity leading to elevated BG and raised 

BP, and pinpoint harmful/hazardous alcohol intake as an additional target of intervention for 

BP reduction. For TC, the findings provide evidence of a sudden elevation in TC for 

Vietnamese women at around 50 years of age, and which is of potential consequence because 

– in Western countries – similar elevations are a portent of the marked increase in female 

rates of cardiovascular disease that occurs in the sixth or seventh decade of life. The results 

show that this sudden elevation in TC for women, which occurs at about the same time in life 

as the menopausal transition, cannot be accounted for by coincident sudden increases in 

overweight and obesity or by demographic characteristics or lifestyle factors. The findings are 

valuable for planning cost-effective preventive strategies and developing interventions, and 
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for strengthening the implementation of the National Strategy on Prevention and Control of 

Certain Non-communicable Diseases for the Period 2015-2025 in Vietnam. 
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Appendix 6A 

 

 

 

 

 

STEPS instrument for the Vietnam NCD Risk Factor 

Survey 2009-2010 (back translated version)   

 

 

 

 

Following is the English translation of the STEPS instrument used to conduct 

the Vietnam NCD Risk Factor Survey 2009−2010 
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WHO STEPS INSTRUMENT 
FOR CHRONIC DISEASE RISK FACTOR SURVEILLANCE 

VIET NAM 2009-2010 

 

General information  Code 

I6 Consent has been read and obtained Yes    1 

 No    2   

If no, read the consent 

 

I7 Participant agree to participate (verbal or 

written) 

Yes   1 

 No    2   

If No, END 

 
  

I8 Interview language English   1  

 

   

Vietnamese   2 

Other (Specify ............................)    3 

I9 
Time of interview (24 hour clock) 

        __ __  :     __ __ 

        Hour         minute      

I10 Participant’s full name ........................................................................... 

XI10 Participant’s common name ........................................................................... 

XI11 Address  

- For urban area: specify street number, 

street name, ward 

- For rural area: specify village/hamlet 

 

Street number............................................................... 

Street/village/hamlet.......................................... 

Commune........................................................ 

District...................................................... 

Province…….......................................................... 

I12 Contact phone number (if any) .......................................................................... 

XI13 Whose phone (work/home/neighbour’s) .......................................................................... 

Contact person when required  

XI14a Full name .......................................................................... 

XI14b Common name  .......................................................................... 

XI14c Relationship with participant .......................................................................... 

XI14d Address (If not living in the same house) 

- For urban area: specify street number, 

street name, ward 

- For rural area: specify village/hamlet 

......................................................................................

......................................................................................

........................................................... 

XI14e Phone number (if any) ..................................................................... 

XI15 Do you agree to continue to participate in 

this study in the future? 

Yes 1 

No 2 
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Location and time of clinic   Code 

XI0a Province........................................ XI0b Code of province  

XI1 District ............................................ I1 Code of district 00 

I2 Commune ................................. I3 Code of commune  

I5 Date of interview: dd..../mm...../yyyy......... I4 Interviewer ID  

 

Step 1 Thông tin về nhân khẩu học   
Question Answer Code 

C1 

 

Sex  (as observe)  

 

Male  1 

 
Female  2 

C2 
What is your date of birth (western 

calenddar)? If not known, write 77/77/7777 

                                                    ____/ ____/ ______    

       Day   month     year  

If known, go to C4 

C3 

How old are you?   

(interviewer use the horoscope converter if 

necessary) 

Year   __ __ 

C4 

In total, how many years have you spent at 

school or in full-time study (excluding pre-

school)? 

Year  __ __ 

C6 

 

 

 

What is the highest level of education you 

have completed?  

 

No formal schooling 

  

1 

 

Less than primary school 2 

Primary school completed 3 

Secondary school completed 4 

Highschool completed 5 

College/University completed 

 

6 

Post graduate degree  7 

C5 
 

What is your ethmic group?  

Kinh 1 
 

Other (specify) …............................ 2 

 

 

C7 

 

 

 

 

Which of the following best describe your 

main work status in the last 12 months? 

Government employee 1 

 

Non-governement employee 2 

Self-employed 3 

Non-paid  

 

4 

Student 5 

Homemaker  

 

6 

Retired  7 

Unemploy (able to work) 8 
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Unemploy (unable to work) 9 

Other.............................................. 10 

XC7a 

 

What is your main work in the last 12 

months?  

(Interviewer reads the options) 

 

Farmer  

 

1 

 

Industrial worker 

 

2 

Trader  

 

3 

Unstably employed 4 

Homemaker   5 

Office work 6 

Other (Specify ............................) 7 

Refuse  8 

 

XC7b 
Do your work activities vary by season? Yes 

No 
1 

2 
 

XC8 

 

Please tell me the average earning of the 

household in the last 12 months (in VND) 

Per week .............. 

Per month .............. 

Per year .............. 

XC9 
How many people older than 18, including 

yourself, live in the household? 
Number of people 

__ __ 

 

Step 1 Behavioural measurements  
 

Tobacco use 

Now I am going to ask you some questions about various health behaviours. This includes things like 

smoking, drinking alcohol, eating fruits and vegetables and physical activity. Let's start with tobacco. 

Question Answer Code 

XT0 

 

Have you ever used tobacco in your life? 

Yes 

No 

 If no, go to T9 

1 

2   

 

 

T1 

Do you currently smoke any tobacco 

products, such as cigarettes, cigars or 

pipes?  

Yes 1 

 No  

If no, go toT6 

2     

T2 

If Yes 

Do you currently smoke tobacco daily? 

Yes  1 

 No 

 If no, go to  T6   

2     

 

T3 

How old were you when you first started 

smoking daily?  
Age (Year) 

If known, go to T5 
__ __ 

 

T4 

Do you remember how long ago it was?  

 

(RECORD ONLY 1, NOT ALL 3) 

in year 
__ __ 

OR in month  __ __ 

OR in weeks __ __ 
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T5 

On average, how many of the following do 

you smoke each day?  

Record for each type 

 

 

Manufactured cigarettes __ __ 

 Hand-rolled cigarettes __ __ 

Water pipe __ __ 

Pipes full of tobacco __ __ 

Cigars __ __ 

 Other (specify... .......................) 

Go to T9 
__ __ 

T6 

For those who currently do not smoke 

daily: have you ever smoked daily? 

Yes  1 

 No 

If no, go to T9  

2   

  XT7 

If yes, how old were you when you started 

smoking daily?  

 

Age (Year)  

If yes, go to TX9 

__ __ 

 

 

XT8 

Do you remember how long ago it was? Years ago __ __ 

 OR months ago __ __ 

Or weeks ago __ __ 

 

 

XT9 

When you smoked, on average, how many 

of the following do you smoke each day?  

 

Record for each type 

 

 

Manufactured cigarettes __ __ 

 Hand-rolled cigarettes __ __ 

Water pipe __ __ 

Pipes full of tobacco __ __ 

Cigars __ __ 

 Other (specify... .......................) __ __ 

  T7 

How old were you when you stopped 

smoking daily?  
Tuổi ( Năm)  

 If known goto T9  

__ __ 

T8 

How long ago did you stop smoking daily? 

(Record 1, not ALL)  

 

Years ago 

 

__ __ 

OR months ago   
__ __ 

Or weeks ago 
__ __ 

T9 

 

Do you currently use chewing tobacco? 

Yes  

No 

If no, go to XT11 

1 

2  

T10 

If yes,  

Do you use chewing tobacco daily? 
Yes  1 

 No 

 

2 

XT11 

Do you currently live/work with a smoker?  

Yes 

No 

If no, go to XA0 

1 

2 
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XT12 

If yes, how long have you been 

living/working with that person?  

Record 1, not ALL 

 

Years __ __ 

OR months  __ __ 

OR weeks __ __ 

 

Alcohol consumption 

The next questions ask about the consumption of alcohol. 

Question Answer  Code 

XA0 

Have you ever consumed an alcoholic 

drink such as beer, wine, spirits, fermented 

cider?  

Yes 

No 

If no, go to D1 

1 

2  

 

A1 

Have you consumed an alcoholic drink 

within the past 12 months?  

Yes 1 

 No  

If no, go to D1 

2  

A2 

During the past 12 months, how 

frequently have you had at least one 

alcoholic drink?  

(interviewer explain and read the options) 

Daily 1 

 

5-6 days/week 2 

1-4 days/week 3 

1-3 days/month 4 

Less than once/month 5 

A3 

When you drank alcohol, on average, how 

many standard alcoholic drinks did you 

have in one day? 

(interviewer use SHOWCARD, ask for 

each type of alcohol and report in standard 

drinks) 

 

Number of standard drink 

 

 

 

__ __ , __  

A4 

Have you consumed an alcoholic drink 

within the past 30 days?  
Yes 

No 

1 

2  

 If no, go to A6  

 

 

 

A5 

 

During each of the past 7 days, how many 

standard alcoholic drinks did you have 

each day?  

(interviewer use SHOWCARD, ask for 

each type of alcohol and report in standard 

drinks)  

Monday  __ __ , __  

Tuesday  __ __ , __  

Wednesday  __ __ , __  

Thusday  __ __ , __  

Friday   __ __ , __  

Saturday   __ __ , __  

Sunday  __ __ , __  

 

 

A6 

In the last 12 months, what was the largest 

number of standard alcoholic drinks you 

had on a single occasion, counting all types 

of alcoholic drinks together?  

(interviewer use SHOWCARD, ask for 

each type of alcohol and report in standard 

drinks) 

Số lượng lớn nhất 

(Đơn vị chuẩn)  
 __ __ , __  
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Diet  

The next questions ask about the fruits and vegetables that you usually eat. I have a nutrition card here 

that shows you some examples of local fruits and vegetables. Each picture represents the size of a 

serving. As you answer these questions please think of a typical week in the last year.  

Question  Answer Code  

D1 

In a typical week, on how many 

days do you eat fruit? (USE 

SHOWCARD) 

 
Number of days  

If zero day, go to D3  

__ __ 

D2 

How many servings of fruit do you 

eat on one of those days? 

(interviewer use showcard to 

calculate and record) 

 

Number of servings  

 

__ __ , 

__  

D3 

In a typical week, on how many 

days do you eat vegetable? (USE 

SHOWCARD) 

 

Number of days  

 If zero day, go to XD5 

__ __ 

D4 

How many servings of vegetable 

do you eat on one of those days? 

(do not count potatos)  

(interviewer use showcard to 

calculate and record)  

 

 

Number of servings  

 

__ __ , 

__  

XD5 

How salty do you eat compare to 

other members of the family? 

Saltier    1 

Less salty   2 

Similar    3 

 

  



Participant’s ID                                                                                                                                                                      144 

                                                                       Province  commune        participant                    

Note: write 77 if don’t know/can’t remember 88 if refuse.

 

  

1. When you eat at home, at the dinner table, how often do you add salt into your food (write in 

relevant box) 

2. When you eat out (restaurant or social gathering occasions), how often do you add salt into your 

food (write in relevant box) 

  Frequency   Breakfast Lunch Dinner 

 

XS1 

Fish sauce, soy sauce, 

manufactured sauce 

Very often        

Sometimes      
Rarely               

Never      

1 

2 
3 

4 

   

 

XS2 

Home made sauce from 

salt 

Very often        

Sometimes      
Rarely               

Never      

1 

2 
3 

4 

   

 

XS3 

 

Salt  

Very often        

Sometimes      
Rarely               

Never      

1 

2 
3 

4 

   

 

XS4 

 

MSG 

Very often        
Sometimes      

Rarely               

Never      

1 
2 

3 

4 

   

 

XS5 

 

Fermented prawn 

Very often        
Sometimes      

Rarely               

Never      

1 
2 

3 

4 

   

 

XS6 

 

Others 

Very often        
Sometimes      

Rarely               

Never      

1 
2 

3 

4 

   

  Frequency   Breakfast Lunch Dinner 

 

XS7 

Fish sauce, soy sauce, 

manufactured sauce 

Very often        

Sometimes      
Rarely               

Never      

1 

2 
3 

4 

   

 

XS8 

Home made sauce from 

salt 

Very often        
Sometimes      

Rarely               

Never      

1 
2 

3 

4 

   

 

XS9 

 

Salt  

Very often        
Sometimes      

Rarely               

Never      

1 
2 

3 

4 

   

 

XS10 

 

MSG 

Very often        
Sometimes      

Rarely               

Never      

1 
2 

3 

4 

   

 

XS11 

 

Fermented prawn 

Very often        

Sometimes      

Rarely               

Never      

1 

2 

3 

4 
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Physical activity 

Next I am going to ask you about the time you spend doing different types of physical activity in a 

typical week. Please answer these questions even if you do not consider yourself to be a physically active 

person.  

Question  Answer  Code  

Work activity  
 In the last 12 months, you may have only one main work or have work that varies with seasons or month 

of the year. Please think about the main work activies in the last 12 months and answer the following 

questions.  

XP0 

Please tell me the main types of work you did in 

the last 12 months and the number of months 

spent for each type 

 

 

XP0a 
Work 1: .................................................... 

Number of months in a 

year  
__ __ 

 
If there is more than one type, ask the second 

types and number of months sepnt on that work 

 
 

XP0b 
Work 2: .................................................... 

Number of months in a 

year 
__ __ 

P1 

Now I will ask you about the first main work 

you did in the last 12 months (use name of work 

1) 

Does your work involve vigorous-intensity 

activity that causes large increases in breathing 

or heart rate (like carrying or lifting heavy loads, 

digging or construction work) for at least 10 

minutes continuously? 

(give examples, use SHOWCARD) 

 

 

 

 

Yes  1   

No  2 

If no,go to P4 

 

P2 

In a typical week, on how many days do you do 

vigorous-intensity activities as part of your 

work?  

Number of days  ____ 

P3 
How much time do you spend doing vigorous-

intensity activities at work on a typical day?  

Duration   

  

___ ___ 

Hour min 

P4 

Does your work involve moderate-intensity 

activity that causes small increases in breathing 

or heart rate such as brisk walking or carrying 

light loads for at least 10 minutes continuously?  

 (give examples, use SHOWCARD) 

Yes   1   

No   2  

If no, go to XP1    

P5 

In a typical week, on how many days do you do 

moderate-intensity activities as part of your 

work?  

Số ngày  ____ 

P6 
How much time do you spend doing moderate-

intensity activities at work on a typical day? 

Duration   

  

___ ___ 

Hour min 

 

XS12 

 

Others 

Very often        

Sometimes      
Rarely               

Never      

1 

2 
3 

4 
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XP1 

If participant gives 2 types of work for P0, 

interviewer continue to ask question XP1. 

Otherwise, go to P7 

 

Beside the months you spent on the type of work 

that we already discussed, now I will ask you 

about the other main type of work you did in the 

rest of the year (use name of work 2) 

Does your work involve vigorous-intensity 

activity that causes large increases in breathing 

or heart rate (like carrying or lifting heavy loads, 

digging or construction work) for at least 10 

minutes continuously? 

(give examples, use SHOWCARD)  

 

 

 

 

 

 

Yes  1   

No  2             

 

  

If no, go to XP4 

 

 

 

 

XP2 

In a typical week, on how many days do you do 

vigorous-intensity activities as part of your 

work? 

Number of days  ____ 

XP3 
How much time do you spend doing vigorous-

intensity activities at work on a typical day? 
Duration   

  

___ ___ 

Hour min 

XP4 

Does your work involve moderate-intensity 

activity that causes small increases in breathing 

or heart rate such as brisk walking or carrying 

light loads for at least 10 minutes continuously?  

 (give examples, use SHOWCARD) 

Yes  1   

No  2     

 If no, go to P7   

XP5 

In a typical week, on how many days do you do 

moderate-intensity activities as part of your 

work?  

Number of days ____ 

XP6 
How much time do you spend doing moderate-

intensity activities at work on a typical day? 

Duration   

  

___ ___ 

Hour min 

Travel to and from places 

Beside the activities already mention above, now I will ask you about your usual way of traveling from 

place to place, in the last 12 months, such as to work, for shopping, to market, to place of workship. 

P7 

 

Do you walk or use a bicycle (pedal cycle) for at 

least 10 minutes continuously to get to and from 

places? 

Yes  1 

 No  2 

If no, go to X P10 
 

P8 In a typical week, on how many days do you 

walk or bicycle for at least 10 minutes 

continuously to get to and from places? 

Number of days  __ __ 

P9 How much time do you spend walking or 

bicycling for travel on a typical day? 
Duration   

  

___ ___ 

Hour min 

Recreational activities 

Now I would like to ask you about your recreational activities in the last 12 months. The following 

questions exclude the work and transport activities that you have already mentioned.  
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XP1

0 

In your free time, do you do any recreational 

physical activity? (such as running, walking, 

dancing, Yoga, football, badminton, etc)? 

  (Give examples, use SHOWCARD)  

 

Yes  1   

No  2  

 

If no, go to P16                           

 

P10 

 

Do you do any vigorous-intensity sports, fitness 

or recreational (leisure) activities that cause 

large increases in breathing or heart rate like 

(running or football for at least 10 minutes 

continuously?  

(Give examples, use SHOWCARD) 

 

Yes  1   

No  2  

 

If no, go to P13                             

 

P11 

In a typical week, on how many days do you do 

vigorous-intensity sports, fitness or recreational 

activities?  

Number of days  ___ 

P12 

 

How much time do you spend doing vigorous-

intensity sports, fitness or recreational activities 

on a typical day? 

Duration   

  

___ ___ 

Hour min 

P13 Do you do any moderate-intensity sports, fitness 

or recreational (leisure) activities that cause a 

small increase in breathing or heart rate such as 

brisk walking (cycling, swimming, volleyball) for 

at least 10 minutes continuously?  

 (Give examples, use SHOWCARD) 

Yes   1   

 No   2   

 

If no, go to P16 
 

P14 

In a typical week, on how many days do you do 

moderate-intensity sports, fitness or recreational 

activities? 

Number of days ___ 

P15 

 

How much time do you spend doing moderate-

intensity sports, fitness or recreational (leisure) 

activities on a typical day? 

Duration   

  

___ ___ 

Hour min 

Sedentary behaviour 

The following question is about sitting or reclining in the last 12 months at work, at home, getting to and 

from places, or with friends including time spent sitting at a desk, sitting with friends, traveling in car, 

bus, train, reading, playing cards or watching television, lunch nap, but do not include time spent 

sleeping at night.   

 

P16 

How much time do you usually spend sitting or 

reclining on a typical day?  

Duration   

  

___ ___ 

Hour min 

 

History of Raised Blood Pressure  
Question  Answer  Code  

H1 

 

When was the last time your blood pressure 

was measured by a health worker? 

In the last 12 

months 

1-5 years ago 

Not in the last 5 

years 

1 

2 

3  

H2 

In the last 12 months, have you been told by a 

health worker that you had high blood 

pressure?  

Yes  

No 

If no, go to XH5a 

1 

2  
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 Are you currently receiving any of the following treatments/advice for high blood pressure 

prescribed by a doctor or other health worker?  

H3a 
Drugs (medication) that you have taken in the 

past two weeks? 

Yes 

No 

1 

2 
 

H3b 
Advice to reduce salt intake? Yes 

No 

1 

2 
 

H3c 
Advice or treatment to lose weight Yes 

No 

1 

2 
 

H3d 
Advice or treatment to stop smoking Yes 

No 

1 

2 
 

H3e 
Advice to start or do more exercise Yes 

No 

1 

2 
 

H4 

In the last 12 months, have you visited a 

traditional healer for raised blood pressure or 

hypertension?  

Yes 

No 

1 

2 
 

H5 

Are you currently taking any herbal or 

traditional remedy for your raised blood 

pressure?  

Yes 

No 

1 

2 
 

XH5a 

In your family, is there any person who has 

been diagnosed with hypertension 

(grandparents, parents, siblings, children)? 

Yes 

No 

Nếu No, go to câu H6 

1 

2  

XH5b If yes, specify who .............................................

.............. 
 

 

History of diabetes   

Question  Answer  Code  

H6 
In the last 12 months, have you had your blood 

sugar level measured?   
Yes  

No 

1 

2 
 

H7 
I have ever been told by a health worker that 

you have diabetes? 

Yes  

No 

If no, go to XH11 

1 

2  

XH8 
Are you currently receiving any treatment for 

diabetes? 

Yes  

No 

Nếu No, go to câu XH11 

1 

2  

 
Are you currently receiving any of the following treatments/advice for diabetes prescribed by a 

doctor or other health worker?  

H8a 
Insulin  Yes  

No 

1 

2 
 

H8b 
Drugs (medication) that you have taken in the 

past two weeks 
Yes  

No 

1 

2 
 

 

H8c 

Special prescribed diet Yes  

No  

1 

2 
 

H8d 
Advice or treatment to lose weight Yes  

No  

1 

2 
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H8e 
Advice or treatment to stop smoking Yes 

No  

1 

2 
 

H8f 
Advice to start or do more exercise Yes  

No  

1 

2 
 

H9 In the last 12 months, have you visited a 

traditional healer for diabetes? 
Yes  

No  

1 

2 
 

H10 Are you currently taking any herbal or 

traditional remedy for your diabetes? 

Yes  

No 

1 

2 
 

XH11 In your family, is there any person who has 

been diagnosed with diabetes (grandparents, 

parents, siblings, children)? 

Yes  

No 

 

Nếu No, go to câu XO1 

1 

2 
 

XH12 If yes, specify: ......................................

............... 

 
 

 

 Other information     

XO1 For women only: are you currently taking any 

oral contraceptive pill? 

Yes   1  

No   2 
 

XO2 Are you currently taking any other medication? Yes   1  

No   2 

If no, go to XI9. 

 

XO3 If yes: specify name of medication and 

condition treated (exclude oral contraceptive 

pill)? 

Tên thuốc 

…………………

…………………

…………………

…………………

…….. 

Bệnh điều trị 

…………………………

…………………………

………………………. 

XI9 Time finish interview 
   __ __  :   __ __                      

  Hour     minute     
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Step 2 Physical measurement 
 

Height and weight Answer Code  
M1 Technician ID ID  __ __ 

M2a Stadiometer ID ID  __ __ 

M2b Scale ID ID  __ __ 

M3 Height   cm  __ __ __ , __ 

M4 
Weight  

If too big for scale: write 666.6  

kg  
__ __ __ , __ 

Waist / hip circumference 

M5 

For women only: are you pregnant? Yes   1 

No   2 

 If yes, go to M8 

 

M6 Tape measure ID   ID __ __ 

M7 Waist circumference  cm __ __ __ , __ 

XM7 Hip circumference  cm __ __ __ , __ 

Blood pressure   

M8 Techinician ID  ID __ __ 

M9 Blood pressure machine ID  ID __ __ 

XM10 Arm circumference _____cm  

M10 Cuff size 

Small (17-21cm)   1  

Medium (22-31cm)   2 

Large (32-42cm)   3  

 

M11a Reading 1  Systolic (mmHg) __ __ __ 

M11b  Diastolic (mmHg) __ __ __ 

M12a Reading 2  Systolic (mmHg) __ __ __ 

M12b 
 

 
Diastolic (mmHg) 

__ __ __ 

M13a Reading 3  Systolic (mmHg) __ __ __ 

M13b  

 
Diastolic (mmHg) __ __ __ 

M14 

During the past two weeks, have you 

been treated for raised blood pressure 

with drugs (medication) prescribed by 

a doctor or other health worker? 

Yes   1 

No   2 
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Step 3  Biochemical measurements  
 

Blood glucose  Answer   Code  

B1 

During the past 8 hours have you had 

anything to eat or drink, other than 

water?  

Yes   1  

No   2 
 

B2 
Technician ID ID 

 __ __ __ 

B3 
Glucometer ID ID 

 __ __ __ 

B4 
Time of day blood specimen taken (24 

hour clock) 

 
 

__ __ : __ __ 

 hour minute  

B5 Fasting blood glucose mmol/l  __ __ , __ __ 

XB5 

If glucose meter shows reading as low 

or high, report the reading 

Low 

High 

Unable to measure 

1 

2 

3 

 

Lipid máu  

B6 Glucometer ID Mã số  __ __ 

B7 Total cholesterol mmol/l  __ __ ,  __ __ 

XB7 

If glucose meter shows reading as low 

or high, report the reading 

Low 

High 

Unable to measure 

1 

2 

3 

 

Unrine sample collection 

XU1 Urine collection required  
Yes     

No    

1 

2 
 

 

Full name, signature of data collection staff 

Interviewer  

 

 

 

 

 

Anthropometry 

technician 

Blood pressure 

technician 

Blood chemistry 

technician 

Urine collector 

                                                   Field supervisor 

 



Appendix – WHO STEP instrument                     152 

 

  

 

 

Appendix 6B 

 

 

 

 

 

WHO STEPS instrument  
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WHO STEPS Instrument 
 (Core and Expanded) 

 

 

 

 

 

 

 

 

The WHO STEPwise approach to 
noncommunicable disease risk factor 
surveillance (STEPS) 
 

World Health Organization 

20 Avenue Appia, 1211 Geneva 27, Switzerland 

 

  

For further information: www.who.int/chp/steps 

 

http://www.who.int/chp/steps


 

STEPS Instrument 
 

Overview 

Introduction This is the generic STEPS Instrument which sites/countries will use to 

develop their tailored instrument.  It contains the: 

 

• CORE  items (unshaded boxes)  

• EXPANDED items (shaded boxes). 

 
Core Items The Core items for each section ask questions required to calculate basic 

variables. For example: 

 

• current daily smokers 

• mean BMI. 
  

Note: All the core questions should be asked, removing core questions will 

impact the analysis. 

 
Expanded items The Expanded items for each section ask more detailed information. 

Examples include: 

 

• use of smokeless tobacco 

• sedentary behaviour. 

 

Guide to the 

columns 

The table below is a brief guide to each of the columns in the Instrument. 

 

Column Description Site Tailoring 

Question Each question is to be read to the participants   • Select sections to use. 

• Add expanded and optional 

questions as desired. 

Response This column lists the available response 

options which the interviewer will be circling 

or filling in the text boxes.  The skip 

instructions are shown on the right hand side 

of the responses and should be carefully 

followed during interviews. 

• Add site specific responses 

for demographic responses 

(e.g. C6). 

• Change skip question 

identifiers where necessary. 

Code The column is designed to match data from 

the instrument into the data entry tool, data 

analysis syntax, data book, and fact sheet. 

This should never be changed 

or removed.  The code is used 

as a general identifier for the 

data entry and analysis. 
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Participant Identification Number             └─┴─┴─┘└─┴─┴─┘└─┴─┴─┘ 

 

 

 

 
WHO STEPS INSTRUMENT 

FOR NONCOMMUNICABLE DISEASE  

RISK FACTOR SURVEILLANCE 

 

<INSERT COUNTRY/SITE NAME> 

 

Survey Information 

 

Location and Date Response Code 

Cluster/Centre/Village ID 
 

└─┴─┴─┴─┴─┴─┘ 
I1 

Cluster/Centre/Village name 
 
 

I2 

Interviewer ID 
 

└─┴─┴─┘ 
I3 

Date of completion of the instrument 

 
└─┴─┘ └─┴─┘ └─┴─┴─┴─┘ 

dd             mm             year 
I4 

 

 

Consent, Interview Language and Name Response Code 

Consent has been read and obtained 
Yes 1 

I5 
No 2       If NO, END 

Interview Language [Insert Language] 

English 1 

I6 
[Add others] 2 

[Add others] 3 

[Add others] 4 

Time of interview  
(24 hour clock) 

 
└─┴─┘: └─┴─┘ 

             hrs                mins 
I7 

Family Surname  I8 

First Name  I9 

Additional Information that may be helpful 
Contact phone number where possible  I10 
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Step 1   Demographic Information 

 

CORE: Demographic Information 
Question Response Code 

Sex (Record Male / Female as observed) 
Male 1 

C1 
Female 2 

What is your date of birth?     
 
Don't Know 77 77 7777 

 
└─┴─┘ └─┴─┘ └─┴─┴─┴─┘ If known, Go to C4 
     dd              mm                year 

C2 

How old are you?  Years 
 

└─┴─┘ 
C3 

In total, how many years have you spent at school and in full-
time study (excluding pre-school)? 

Years 

└─┴─┘ 
C4 

 

EXPANDED: Demographic Information 

What is the highest level of education you have completed? 
 
 
 
[INSERT COUNTRY-SPECIFIC CATEGORIES] 

No formal schooling 1 
 

C5 

Less than primary  school 2 

Primary school completed 3 

Secondary school completed 4 

High school completed 5 

College/University completed 6 

Post graduate degree 7 

Refused 88 

What is your [insert relevant ethnic group / racial group / cultural 
subgroup / others] background? 

[Locally defined] 1 

C6 
[Locally defined] 2 

[Locally defined] 3 

Refused 88 

What is your marital status? 

Never married 1 

C7 

Currently married 2 

Separated 3 

Divorced 4 

Widowed 5 

Cohabitating 6 

Refused 88 

Which of the following best describes your main work status 
over the past 12 months? 
 
 
[INSERT  COUNTRY-SPECIFIC CATEGORIES] 
 
 
(USE SHOWCARD) 

Government employee 1 

C8 

Non-government employee 2 

Self-employed 3 

Non-paid 4 

Student 5 

Homemaker 6 

Retired 7 

Unemployed (able to work) 8 

Unemployed (unable to work) 9 

Refused 88 

How many people older than 18 years, including yourself, live in 
your household? 

Number of people 
└─┴─┘ 

C9 
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EXPANDED: Demographic Information, Continued 

Question Response Code 

Taking the past year, can you tell me what the average 
earnings of the household have been? 
(RECORD ONLY ONE, NOT ALL 3) 
 

Per week └─┴─┴─┴─┴─┴─┴─┘    Go to T1 C10a 

OR per month └─┴─┴─┴─┴─┴─┴─┘    Go to T1 C10b 

OR per year └─┴─┴─┴─┴─┴─┴─┘    Go to T1 C10c 

Refused 88 C10d 

If you don’t know the amount, can you give an estimate of the 
annual household income if I read some options to you? Is it  
[INSERT QUINTILE VALUES IN LOCAL CURRENCY] 
 
(READ OPTIONS)   
 

 Quintile (Q) 1 1 

C11 

More than Q 1,  Q 2 2 

More than Q 2,  Q 3 3 

More than Q 3,  Q 4 4 

More than Q 4 5 

Don't Know 77 

Refused 88 
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Step 1    Behavioural Measurements 

 

CORE:  Tobacco Use 
Now I am going to ask you some questions about tobacco use. 

Question Response Code 

Do you currently smoke any tobacco products, such as 
cigarettes, cigars or pipes? 
(USE SHOWCARD) 

Yes 1 
T1 

No 2      If No,  go to T8 

Do you currently smoke tobacco products daily?  
Yes 1 

T2 
No 2 

How old were you when you first started smoking? 
Age (years) 

└─┴─┘ If Known, go to T5a/T5aw 

T3 
Don’t know  77 

Do you remember how long ago it was? 
 
(RECORD ONLY 1, NOT ALL 3) 
 
Don’t know 77 

In Years 
└─┴─┘ If Known, go to T5a/T5aw 

T4a 

OR       in Months 
└─┴─┘ If Known, go to T5a/T5aw 

T4b 

 
OR        in Weeks └─┴─┘ T4c 

On average, how many of the following products do you 
smoke each day/week? 
 
(IF LESS THAN DAILY, RECORD WEEKLY) 
 
(RECORD FOR EACH TYPE, USE SHOWCARD) 
 
Don’t Know  7777 

                          DAILY↓                 WEEKLY↓ 

Manufactured cigarettes └─┴─┴─┴─┘└─┴─┴─┴─┘ T5a/T5aw 

Hand-rolled cigarettes └─┴─┴─┴─┘└─┴─┴─┴─┘ T5b/T5bw 

Pipes full of tobacco └─┴─┴─┴─┘└─┴─┴─┴─┘ T5c/T5cw 

Cigars, cheroots, 
cigarillos 

└─┴─┴─┴─┘└─┴─┴─┴─┘ T5d/T5dw 

Number of Shisha 
sessions 

└─┴─┴─┴─┘└─┴─┴─┴─┘ T5e/T5ew 

Other 

  

└─┴─┴─┴─┘└─┴─┴─┴─┘                                                          
If Other, go to T5other, else go to T6 

T5f/T5fw 

Other (please specify): 
└─┴─┴─┴─┴─┴─┘ 

T5other/ 
T5otherw 

During the past 12 months, have you tried to stop 
smoking?  

Yes 1  
T6 

No 2       

During any visit to a doctor or other health worker in the 
past 12 months, were you advised to quit smoking 
tobacco? 

Yes 1     If T2=Yes, go to T12; if T2=No, go to T9 

T7 No 2     If T2=Yes, go to T12; if T2=No, go to T9 

No visit during the past 12 
months 

3     If T2=Yes, go to T12; if T2=No, go to T9                

In the past, did you ever smoke any tobacco products?  
(USE SHOWCARD) 

Yes 1 
T8 

No 2      If No,  go to T12 

In the past, did you ever smoke daily? 
Yes 1  If T1=Yes, go to T12, else go to T10 

T9 
No 2  If T1=Yes, go to T12, else go to T10 
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EXPANDED: Tobacco Use 

Question Response Code 

How old were you when you stopped smoking? 
Age (years) 

└─┴─┘ If Known, go to T12 
T10 

Don’t Know  77 

How long ago did you stop smoking? 
 
(RECORD ONLY 1, NOT ALL 3) 
 
Don’t Know  77 

Years ago └─┴─┘ If Known, go to T12 T11a 

OR       Months ago └─┴─┘ If Known, go to T12 T11b 

OR        Weeks ago └─┴─┘ T11c 

Do you currently use any smokeless tobacco products 
such as [snuff, chewing tobacco, betel]? (USE 
SHOWCARD) 

Yes 1 
T12 

No 2       If No, go to T15 

Do you currently use smokeless tobacco products daily?  
Yes 1  

T13 
No 2       If No, go to T14aw      

On average, how many times a day/week do you use …. 
 
(IF LESS THAN DAILY, RECORD WEEKLY) 
 
(RECORD FOR EACH TYPE, USE SHOWCARD) 
 
Don’t Know  7777 

                          DAILY↓                 WEEKLY↓ 

Snuff, by mouth └─┴─┴─┴─┘└─┴─┴─┴─┘ 
T14a/ 
T14aw 

Snuff, by nose └─┴─┴─┴─┘└─┴─┴─┴─┘ 
T14b/ 
T14bw 

Chewing tobacco └─┴─┴─┴─┘└─┴─┴─┴─┘ 
T14c/ 
T14cw 

Betel, quid └─┴─┴─┴─┘└─┴─┴─┴─┘ 
T14d/ 
T14dw 

Other 

  

└─┴─┴─┴─┘└─┴─┴─┴─┘                                                          
If Other, go to T14other, if T13=No, go 
to T16, else go to T17 

T14e/ 
T14ew 

Other (please specify): └─┴─┴─┴─┴─┴─┘ 
If T13=No, go to T16, else go to T17 

T14other/ 
T14otherw 

In the past, did you ever use smokeless tobacco products 
such as [snuff, chewing tobacco, or betel]? 

Yes 1   
T15 

No 2     If No, go to T17 

In the past, did you ever use smokeless tobacco products 
such as [snuff, chewing tobacco, or betel] daily? 

Yes 1   
T16 

No 2 

During the past 30 days, did someone smoke in your 
home? 

Yes 1   
T17 

No 2 

During the past 30 days, did someone smoke in closed 
areas in your workplace (in the building, in a work area or 
a specific office)? 

Yes 1   

T18 
No 2 

Don't work in a closed area 3 
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CORE:  Alcohol Consumption 
The next questions ask about the consumption of alcohol. 

Question Response Code 

Have you ever consumed any alcohol such as beer, wine, spirits 
or [add other local examples]? 
(USE SHOWCARD OR SHOW EXAMPLES) 

Yes 1 

A1 
No 2    If No, go to A16 

Have you consumed any alcohol within the past 12 months? 

Yes 1    If Yes, go to A4 

A2 
No 2 

Have you stopped drinking due to health reasons, such as a 
negative impact on your health or on the advice of your doctor or 
other health worker? 

Yes 1    If Yes, go to A16 

A3 
No 2    If No, go to A16 

During the past 12 months, how frequently have you had at 
least one standard alcoholic drink? 
 
(READ RESPONSES, USE SHOWCARD) 

Daily 1 

A4 

5-6 days per week 2 

3-4 days per week 3 

1-2 days per week 4 

1-3 days per month 5 

Less than once a month 6 

Have you consumed any alcohol within the past 30 days? 

Yes 1 

A5 
No 2    If No, go to A13 

During the past 30 days, on how many occasions did you have 
at least one standard alcoholic drink? 

Number  
Don't know 77 

└─┴─┘ 
A6 

During the past 30 days, when you drank alcohol, how many 
standard drinks on average did you have during one drinking 
occasion? 
(USE SHOWCARD) 

Number  
Don't know 77 

└─┴─┘ 

A7 

During the past 30 days, what was the largest number of 
standard drinks you had on a single occasion, counting all types 
of alcoholic drinks together? 

Largest number 
Don't Know 77 

└─┴─┘ 

A8 

During the past 30 days, how many times did you have  
six or more standard drinks in a single drinking occasion? 

Number of times 
Don't Know 77 

└─┴─┘ 

A9 

During each of the past 7 days, how many standard drinks did 
you have each day?  
 
(USE SHOWCARD) 
 
 
Don't Know 77 

Monday └─┴─┘ A10a 

Tuesday └─┴─┘ A10b 

Wednesday └─┴─┘ A10c 

Thursday └─┴─┘ A10d 

Friday └─┴─┘ A10e 

Saturday └─┴─┘ A10f 

Sunday └─┴─┘ A10g 
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CORE:  Alcohol Consumption, continued 
I have just asked you about your consumption of alcohol during the past 7 days. The questions were about alcohol in general, while the next 
questions refer to your consumption of homebrewed alcohol, alcohol brought over the border/from another country, any alcohol not intended 
for drinking or other untaxed alcohol. Please only think about these types of alcohol when answering the next questions. 

Question Response Code 

During the past 7 days, did you consume any homebrewed 
alcohol, any alcohol brought over the border/from another 
country, any alcohol not intended for drinking or other 
untaxed alcohol? 
[AMEND ACCORDING TO LOCAL CONTEXT] 
(USE SHOWCARD) 
 

Yes 1 

A11 

No 2    If No, go to A13 

On average, how many standard drinks of the following did 
you consume during the past 7 days? 
 
[INSERT COUNTRY-SPECIFIC EXAMPLES] 
(USE SHOWCARD) 
 
Don't Know 77 

Homebrewed spirits, e.g. 
moonshine └─┴─┘ A12a 

Homebrewed beer or wine, 
e.g. beer, palm or fruit wine └─┴─┘ A12b 

Alcohol brought over the 
border/from another country └─┴─┘ A12c 

Alcohol not intended for drinking, 
e.g. alcohol-based medicines, 

perfumes, after shaves └─┴─┘ 
A12d 

Other untaxed alcohol in the 
country └─┴─┘ A12e 

 

EXPANDED:  Alcohol Consumption 

During the past 12 months, how often have you found that you 
were not able to stop drinking once you had started? 

Daily or almost daily 1 

A13 

Weekly 2 

Monthly 3 

Less than monthly 4 

Never 5 

During the past 12 months, how often have you failed to do 
what was normally expected from you because of drinking? 

Daily or almost daily 1 

A14 

Weekly 2 

Monthly 3 

Less than monthly 4 

Never 5 

During the past 12 months, how often have you needed a first 
drink in the morning to get yourself going after a heavy drinking 
session? 

Daily or almost daily 1 

A15 

Weekly 2 

Monthly 3 

Less than monthly 4 

Never 5 

During the past 12 months, have you had family problems or 
problems with your partner due to someone else’s drinking? 

Yes, more than monthly 1 

A16 

Yes, monthly  2 

Yes, several times but less than 
monthly 

3 

Yes, once or twice  4 

No 5 
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CORE: Diet 
The next questions ask about the fruits and vegetables that you usually eat. I have a nutrition card here that shows you some examples of 
local fruits and vegetables. Each picture represents the size of a serving. As you answer these questions please think of a typical week in the 
last year. 

Question Response Code 

In a typical week, on how many days do you eat fruit? 
(USE SHOWCARD) 

Number of days 
Don't Know 77 └─┴─┘     If Zero days, go to  D3 

D1 

How many servings of fruit do you eat on one of those days?  
(USE SHOWCARD)  

Number of servings 
Don't Know 77 └─┴─┘ 

D2 

In a typical week, on how many days do you eat vegetables? 
(USE SHOWCARD) 

Number of days 
Don't Know 77 └─┴─┘     If Zero days, go to  D5 

D3 

How many servings of vegetables do you eat on one of those 
days?  (USE SHOWCARD) 

Number of servings  
Don’t know 77 └─┴─┘ 

D4 

 

EXPANDED: Diet 

What type of oil or fat is most often used for meal preparation 
in your household?  
 
(USE SHOWCARD) 
(SELECT ONLY ONE) 
 

Vegetable oil 1 

D5 

Lard or suet 2 
Butter or ghee 3 

Margarine 4 
Other 5      If Other, go to D5 other 

None in particular 6 
None used 7 
Don’t know 77 

Other 
 

└─┴─┴─┴─┴─┴─┴─┘ D5other 

On average, how many meals per week do you eat that were 
not prepared at a home? By meal, I mean breakfast, lunch and 
dinner. 

Number 
Don’t know 77 

└─┴─┘ 

D6 
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 CORE:  Physical Activity 
Next I am going to ask you about the time you spend doing different types of physical activity in a typical week. Please answer these questions 
even if you do not consider yourself to be a physically active person.  
Think first about the time you spend doing work.  Think of work as the things that you have to do such as paid or unpaid work, study/training, 
household chores, harvesting food/crops, fishing or hunting for food, seeking employment. [Insert other examples if needed].  In answering the 
following questions 'vigorous-intensity activities' are activities that require hard physical effort and cause large increases in breathing or heart 
rate, 'moderate-intensity activities' are activities that require moderate physical effort and cause small increases in breathing or heart rate. 

Question Response Code 

Work 

Does your work involve vigorous-intensity activity that causes 
large increases in breathing or heart rate like [carrying or lifting 
heavy loads, digging or construction work]  for at least 10 
minutes continuously?  
[INSERT EXAMPLES]  (USE SHOWCARD) 

Yes 1 

P1 

No 2     If No, go to P 4 

In a typical week, on how many days do you do vigorous-
intensity activities as part of your work? 

Number of days 
└─┘ 

P2 

How much time do you spend doing vigorous-intensity activities 
at work on a typical day? 

Hours : minutes 
└─┴─┘: └─┴─┘ 
    hrs                mins 

P3 
(a-b) 

Does your work involve moderate-intensity activity, that causes 
small increases in breathing or heart rate such as brisk walking 
[or carrying light loads]  for at least 10 minutes continuously?   
 [INSERT EXAMPLES]   (USE SHOWCARD) 

Yes 1 

P4 

No 2      If No, go to P 7 

In a typical week, on how many days do you do moderate-
intensity activities as part of your work?  

Number of days 
└─┘ 

P5 

How much time do you spend doing moderate-intensity activities 
at work on a typical day? 

Hours : minutes └─┴─┘: └─┴─┘ 
    hrs                mins 

P6 
(a-b) 

Travel to and from places 

The next questions exclude the physical activities at work that you have already mentioned. 
Now I would like to ask you about the usual way you travel to and from places.  For example to work, for shopping, to market, to place of 
worship. [Insert other examples if needed] 

Do you walk or use a bicycle (pedal cycle) for at least 10 
minutes continuously to get to and from places? 

Yes 1 

P7 
No 2      If No, go to P 10 

In a typical week, on how many days do you walk or bicycle for 
at least 10 minutes continuously to get to and from places? 

Number of days 

└─┘ 

P8 

How much time do you spend walking or bicycling for travel on a 
typical day?  

Hours : minutes └─┴─┘: └─┴─┘ 
     hrs               mins 

P9 
(a-b) 
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CORE:  Physical Activity, Continued 

Question Response Code 

Recreational activities 

The next questions exclude the work and transport activities that you have already mentioned. 
Now I would like to ask you about sports, fitness and recreational activities (leisure), [Insert relevant terms]. 

Do you do any vigorous-intensity sports, fitness or recreational 
(leisure) activities that cause large increases in breathing or 
heart rate like [running or football]  for at least 10 minutes 
continuously?  
[INSERT EXAMPLES]   (USE SHOWCARD) 

Yes   1 

P10 

No 2      If No, go  to P 13 

In a typical week, on how many days do you do vigorous-
intensity sports, fitness or recreational (leisure) activities? 

Number of days 

└─┘ 

P11 

How much time do you spend doing  vigorous-intensity sports, 
fitness or recreational activities on a typical day? 

Hours : minutes └─┴─┘: └─┴─┘ 
    hrs                mins 

P12 
(a-b) 

Do you do any moderate-intensity sports, fitness or recreational 
(leisure) activities that cause a small increase in breathing or 
heart rate such as brisk walking, [cycling, swimming, volleyball] 
for at least 10 minutes continuously? 
 [INSERT EXAMPLES]   (USE SHOWCARD) 

Yes   1 

P13 

No 2      If No, go to P16 

In a typical week, on how many days do you do moderate-
intensity sports, fitness or recreational (leisure) activities?  

Number of days 
 
└─┘ 

P14 

How much time do you spend doing moderate-intensity sports, 
fitness or recreational (leisure) activities on a typical day? 

Hours : minutes 
└─┴─┘: └─┴─┘ 
    hrs                mins 

P15 
(a-b) 

 

EXPANDED:  Physical Activity 
Sedentary behaviour 

The following question is about sitting or reclining at work, at home, getting to and from places, or with friends including time spent sitting at a 
desk, sitting with friends, traveling in car, bus, train, reading, playing cards or watching television, but do not include time spent sleeping. 
[INSERT EXAMPLES]   (USE SHOWCARD) 

How much time do you usually spend sitting or reclining on a 
typical day? 

Hours : minutes 
└─┴─┘: └─┴─┘ 
    hrs                mins 

P16  
(a-b) 
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CORE: History of  Raised Blood Pressure 

Question Response Code 

Have you ever had your blood pressure measured by a doctor 
or other health worker? 

Yes 1 
H1 

No 2       If No, go to H6 

Have you ever been told by a doctor or other health worker that 
you have raised blood pressure or hypertension? 

Yes 1 
H2a 

No 2       If No, go to H6 

Have you been told in the past 12 months? 
Yes 1 

H2b 
No 2  

In the past two weeks, have you taken any drugs (medication) 
for raised blood pressure prescribed by a doctor or other health 
worker? 

Yes 1 
H3 

No 2 

Have you ever seen a traditional healer for raised blood 
pressure or hypertension? 

Yes 1 
H4 

No 2 

Are you currently taking any herbal or traditional remedy for your 
raised blood pressure? 

Yes 1 
H5 

No 2 

 

CORE: History of  Diabetes 

Have you ever had your blood sugar measured by a doctor or 
other health worker? 

Yes 1 
H6 

No 2       If No, go to H12 

Have you ever been told by a doctor or other health worker that 
you have raised blood sugar or diabetes? 

Yes 1 
H7a 

No 2       If No, go to H12 

Have you been told in the past 12 months? 
Yes 1 

H7b 
No 2  

In the past two weeks, have you taken any drugs (medication) 
for diabetes prescribed by a doctor or other health worker? 

Yes 1 
H8 

No 2 

Are you currently taking insulin for diabetes prescribed by a 
doctor or other health worker? 

Yes 1 
H9 

No 2 

Have you ever seen a traditional healer for diabetes or raised 
blood sugar? 

Yes 1 
H10 

No 2 

Are you currently taking any herbal or traditional remedy for your 
diabetes? 

Yes 1 
H11 

No 2 
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CORE:  History of Raised Total Cholesterol 

Question Response Code 

Have you ever had your cholesterol (fat levels in your blood) 
measured by a doctor or other health worker? 

Yes 1 
H12 

No 2      If No, go to  H17 

Have you ever been told by a doctor or other health worker that 
you have raised cholesterol? 

Yes 1 
H13a 

No 2        If No, go to H17 

Have you been told in the past 12 months? 
Yes 1 

H13b 
No 2 

In the past two weeks, have you taken any oral treatment 
(medication) for raised total cholesterol prescribed by a doctor 
or other health worker? 

Yes 1 
H14 

No 2 

Have you ever seen a traditional healer for raised cholesterol? 
Yes 1 

H15 
No 2 

Are you currently taking any herbal or traditional remedy for 
your raised cholesterol? 

Yes 1 
H16 

No 2 

 

CORE: History of Cardiovascular Diseases 

Have you ever had a heart attack or chest pain from heart 
disease (angina) or a stroke (cerebrovascular accident or 
incident)? 

Yes 1 
H17 

No 2 

Are you currently taking aspirin regularly to prevent or treat heart 
disease? 

Yes 1 
H18 

No 2 

Are you currently taking statins 
(Lovastatin/Simvastatin/Atorvastatin or any other statin) 
regularly to prevent or treat heart disease? 

Yes 1 
H19 

No 2 

 

CORE:  Lifestyle Advice 
During the past three years, has a doctor or other health worker advised you to do any of the following? 
(RECORD FOR EACH) 

Quit using tobacco or don’t start 
Yes 1 

H20a 
No 2 

Reduce salt in your diet 
Yes 1 

H20b 
No 2 

Eat at least five servings of fruit and/or vegetables each day 
Yes 1 

H20c 
No 2 

Reduce fat in your diet 
Yes 1 

H20d 
No 2 

Start or do more physical activity 
Yes 1 

H20e 
No 2 

Maintain a healthy body weight or lose weight 
Yes 1      If C1=1 go to M1 

H20f 
No 2      If C1=1 go to M1 
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CORE (for women only): Cervical Cancer Screening 
The next question asks about cervical cancer prevention. Screening tests for cervical cancer prevention can be done in different ways, 
including Visual Inspection with Acetic Acid/vinegar (VIA), pap smear and Human Papillomavirus (HPV) test. VIA is an inspection of the 
surface of the uterine cervix after acetic acid (or vinegar) has been applied to it. For both pap smear and HPV test, a doctor or nurse uses a 
swab to wipe from inside your vagina, take a sample and send it to a laboratory. It is even possible that you were given the swab yourself and 
asked to swab the inside of your vagina. The laboratory checks for abnormal cell changes if a pap smear is done, and for the HP virus if an 
HPV test is done. 

Question Response Code 

Have you ever had a screening test for cervical cancer, using 
any of these methods described above? 

Yes 1 

CX1 No 2 

Don’t know 77 
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Step 2    Physical Measurements 

 

CORE:  Blood Pressure 

Question Response Code 

Interviewer ID 
 

└─┴─┴─┘ 
M1 

Device ID for blood pressure  └─┴─┘ M2 

Cuff size used 

Small 1 

M3 Medium 2 

Large 3 

Reading 1 

                   Systolic ( mmHg) 
└─┴─┴─┘ 

M4a 

Diastolic (mmHg) 
└─┴─┴─┘ 

M4b 

Reading 2 

Systolic ( mmHg)  
└─┴─┴─┘  

M5a 

Diastolic (mmHg) 
└─┴─┴─┘ 

M5b 

Reading 3 

Systolic ( mmHg) 
└─┴─┴─┘ 

M6a 

Diastolic (mmHg) 
└─┴─┴─┘ 

M6b 

During the past two weeks, have you been treated for raised 
blood pressure with drugs (medication) prescribed by a doctor or 
other health worker? 

Yes 1 
M7 

No 2 

CORE:  Height and Weight 

For women: Are you pregnant? 
Yes 1  If Yes, go to M 16 

M8 
No 2   

Interviewer ID  
└─┴─┴─┘ 

M9 

Device IDs for height and weight 
Height └─┴─┘ M10a 

Weight └─┴─┘ M10b 

Height in Centimetres (cm) 
└─┴─┴─┘. └─┘ 

M11 

Weight   
If too large for scale 666.6 

in Kilograms (kg) 

└─┴─┴─┘.└─┘ 
M12 

CORE:  Waist 

Device ID for waist 
 

└─┴─┘ 
M13 

Waist circumference    in Centimetres (cm) 
└─┴─┴─┘.└─┘ 

M14 

 

EXPANDED: Hip Circumference and Heart Rate 

Hip circumference 
  in Centimeters (cm) └─┴─┴─┘.└─┘ M15 

Heart Rate   

Reading 1 Beats per minute └─┴─┴─┘ M16a 

Reading 2 Beats per minute └─┴─┴─┘ M16b 

Reading 3 Beats per minute └─┴─┴─┘ M16c 
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Step 3    Biochemical Measurements 

 

CORE:  Blood Glucose 

Question Response Code 

During the past 12 hours have you had anything to eat or drink, 
other than water? 

Yes 1 
B1 

No 2 

Technician ID  
 

└─┴─┴─┘ 
B2 

Device ID  
 

└─┴─┘ 
B3 

Time of day blood specimen taken (24 hour clock) Hours : minutes 
└─┴─┘: └─┴─┘ 
      hrs            mins 

B4 

Fasting blood glucose 
[CHOOSE ACCORDINGLY: MMOL/L OR MG/DL] 

mmol/l └─┴─┘. └─┴─┘ 

B5 
mg/dl 

└─┴─┴─┘.└─┘ 

Today, have you taken insulin or other drugs (medication) that 
have been prescribed by a doctor or other health worker for 
raised blood glucose? 

Yes 1 
B6 

No 2 

CORE: Blood Lipids 

Device ID   └─┴─┘ B7 

Total cholesterol 
[CHOOSE ACCORDINGLY: MMOL/L OR MG/DL] 

mmol/l └─┴─┘. └─┴─┘ 

B8 
mg/dl 

└─┴─┴─┘.└─┘ 

During the past two weeks, have you been treated for raised 
cholesterol with drugs (medication) prescribed by a doctor or 
other health worker? 

Yes 1 
B9 

No 2    

 

EXPANDED:  Triglycerides and HDL Cholesterol 

Triglycerides 
[CHOOSE ACCORDINGLY: MMOL/L OR MG/DL] 

mmol/l └─┴─┘. └─┴─┘ 
B10 

mg/dl 
└─┴─┴─┘.└─┘ 

HDL Cholesterol 
[CHOOSE ACCORDINGLY: MMOL/L OR MG/DL] 

mmol/l 
└─┘. └─┴─┘ 

B11 
mg/dl 

└─┴─┴─┘.└─┘ 

 

 

 

 

 




