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SUMMARY 
 

 

Rationale of the study 

 

This research study was undertaken to bring to light the extent of obesity in an 

‘apparently healthy’ adult population living in an urban locality in Sri Lanka. The 

rationale for this study was based on three facts drawn from an extensive 

literature survey. One was the mounting evidence that urban dweller, world over, 

is predisposed to obesity. The second was that the urban dweller in particular, 

succumbs to a spectrum of comorbidities associated with obesity that degrade the 

quality of life. The third was, paucity of information pertinent to the urban dweller 

in Sri Lanka, with regards to obesity and obesity related comorbidities. 

 

Overall objective 

 

The overall objective was to determine the degree of obesity and abdominal obesity 

by BMI and WHR, respectively, in an adult urban population and to find 

associations with relevant socio-economic conditions and also, determine the 

impact of obesity and abdominal obesity on hypertension, hyperglycaemia and 

dyslipidaemias. 

 

Study locality 

 

This study was based in the author’s practice (a single-handed family practice) 

which is situated in a Gramaseva Division (smallest administrative unit in the 

country). This Gramaseva Division of Wattegedara, which has an adult population 

of 3700 people approximately, is situated in the District of Colombo, Sri Lanka. 

 

Study population and study sample 

 

At the commencement of the study, the author invited all persons between the ages 

20 to 70 years in Wattegedara to participate in the study. 1620 persons responded 
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giving consent and participated in the initial screening for selection of ‘apparently 

healthy’ persons. 1241 persons were found to be apparently healthy and out of 

them a study sample of 414 persons (=study subjects) was randomly selected. 

 

Methods used to obtain data  

 

In the study proper, socio-economic data was gathered according to a structured – 

validated information-gathering questionnaire. General obesity was determined 

with the body mass index (weight in kg / [height in meter]2 ) and truncal or 

abdominal obesity with the waist to hip circumference ratio (waist circumference 

in centimetres / hip circumference in centimetres).  

 

Physical activity level was obtained by summing up physical activities, 

occupational, leisure-time and household chores (PARs  time in hours). Familial 

predisposition was determined by ‘figural stimuli relating to BMI’ method. Blood 

pressure was determined using the authentic techniques. Plasma glucose 

concentration and the lipid profile were determined using enzymatic methods 

(pages 72, 73). Statistical analyses were done with a SPSS software package.  

 

Data collected 

 

Data obtained from the study subjects were, 

(i) Demographic data such as age, sex, occupation and monthly    

income. 

(ii) Familial predisposition. 

(iii) Data on physical activity level (PAL). 

(iv) Anthropometric measurements such as body weight, 

  standing height, waist circumference and hip circumference.  

(v) Clinical measurements such as blood pressure. 

(vi)  Biochemical estimations such as plasma glucose 

 (fasting and 2-hour-post-glucose-load) and serum lipids. 
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Results and interpretation 

 

In conformity with the objective stated above, results obtained in the study and the 

interpretations are presented below. 

 

Characteristics of the study subjects 

 

The mean age of study subjects was 39.66 ( 11.02) years. There were 173 (42.8%) 

male and 237 (57.2%) female subjects in the study sample. Nearly 89% of the 

subjects have had education beyond Grade VIII. Monthly incomes in rupees < Rs 

5000, > Rs 5000 to Rs 10,000, >Rs 10,000 to Rs 20,000, >Rs 20,000 were drawn by 

81 (20%), 154 (37%), 100 (24%), 50 (12%), respectively. 

 

BMI categories 

 

Sixty subjects (14.5%) with a BMI 30 kg.m-2 were obese, 152 (36.7%) were 

preobese (BMI 25 – 29.99 kg.m-2), 169 (40.8%) subjects had a desirable BMI (BMI 

18.5 – 24.99 kg.m-2) and 33 (8%) of subjects underweight (BMI <18.5 kg.m-2). 

 

BMI according to age 

 

BMI of the ten-year age groups, 20-29, 30-39, 40-49, 50-59, 60-69 were 22.7  4.8, 

25.7  4.1, 26.6  4.5, 25.6  4.3, 25.2  4.7 kg.m-2, respectively. In all age groups 

obese subjects were found. Preobesity and obesity was at the highest in the forties. 

Correlation between BMI and age was significant (p = 0.01). 

 

BMI according to sex 

 

According to BMI, 7.4% of males and 20.0% of females were obese, 37% of males 

and 37% of females were preobese and, 45% of males and 37% of females 

maintained a desirable BMI. Also, underweight was found in 10% of male and % 

of female subjects. Obesity was nearly threefold higher in the female. Preobesity 

was identical in males and females. 
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BMI and familial predisposition 

 

Familial predisposition analysis revealed an association of study subject’s BMI 

with the BMI of father (ANOVA, F=4.8, p=0.01), mother (ANOVA, F=4.8, p=0.01) 

and siblings (correlation, p=0.01). 

 

BMI in relation to physical activity 

 

Physical activity level (PAL), that includes physical activities, occupational, 

leisure-time and household chores, was 1.57  0.25 (mode 1.55; SEM  0.001) but 

below 1.75, implying a lifestyle sedentary or limited activity. A negative 

correlation, between PAL and BMI was found to be significant at p = 0.01. Age 

had a significant effect on PAL (beta 0.227, significant at p = 0.01). Even after 

controlling the age, the impact of PAL on the BMI was significant (beta 0.18, 

significant at p = 0.01). 

 

Waist to hip circumference ratio 

 

A waist to hip circumference ratio (WHR) <1.0 and >1.0 were found in 127 (72%) 

and 50 (28%) male subjects, respectively. And a WHR <0.88 and 0.88 was found 

in 40 (23%) and 137 (77%) male subjects, respectively. Computations revealed a 

WHR cut-off value of 0.95 would have been most appropriate for the male. A 

WHR <0.85 and 0.85 was found in 87 (37%) and 150 (63%) female subjects, 

respectively. More females (63%) had an undesirable WHR in comparison with 

the males (28%) with a WHR >1.0. 

 

WHR – according to age 

 

Age-wise variation of the WHR was studied by determining the mean WHR of 

subjects (mixed gender) in age categories, 20 – 29, 30 – 39, 40 – 49, 50 – 59, 60 – 69 

years. The mean ± SD of the WHR for the respective age categories were 0.86 ± 

0.08, 0.91 ± 0.08, 0.93 ± 0.09, 0.94 ± 0.08 and 0.96 ± 0.04. The findings revealed a 
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steady increase of WHR with advancing age ,with a correlation significant at 

p=0.01. 

 

Waist to hip circumference ratio – according to occupation  

 

An undesirable WHR was seen in pensioners (100%), administrators / 

professionals (>94%), large-scale businessmen (75%), skilled labourers and junior 

executives (63%), small-scale businessmen (61%) and housewives (88%). 

 

WHR and BMI 

 

WHR correlated significantly with the BMI (p = 0.01). A statistically significant 

negative correlation was found between the WHR and PAL in the male (p = 0.01). 

The association was lesser in the female (p = 0.06). The WHR increased as the 

monthly income increased. 

 

Influence of BMI on blood pressure 

 

Blood pressures, systolic, of BMI categories, <18.5, 18.5 – 24.99, 25.0 – 29.99, >30 

kg.m-2 were 103.3  12.3, 111.9  14.2, 119.9  16.3, 123.3  15.5 and diastolic were 

67.4  7.6, 73.2  10.5, 79.1  11.1, 83.1  13.0, respectively. The association of both 

systolic and diastolic blood pressures with the BMI was statistically significant 

(p=0.01). Of the 414 subjects, 71 (17%) had hypertension. 

 

BMI and hypertension 

 

In overweight subjects (BMI >25 kg.m-2), systolic and diastolic hypertension was 

present in 15.1% and 25.0% of subjects, respectively. Among those with the BMI 

<25 kg.m-2, systolic and diastolic hypertension was present in 4% and 5.9 %, of 

subjects, respectively. The odds ratio, 4.3 for systolic blood pressure and 5.3 for 

diastolic blood pressure implied that overweight subjects were 4-times more likely 
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to develop systolic hypertension and 5-times more likely to develop diastolic 

hypertension than those subjects with a desirable BMI. 

 

Influence of WHR on blood pressure 

 

At a WHR 0.88 in the male and a WHR 0.85 in the female, systolic hypertension  

(>140 mmHg) was 8% and 14%, respectively and diastolic hypertension (>90 

mmHg) was 19% and 20.7%, respectively. The female was more vulnerable to 

abdominal obesity related hypertension than the male and diastolic hypertension 

exceeded systolic hypertension. 

 

Glycaemic status of the study sample by fasting and 2-hour post-glucose-load 

plasma glucose concentration 

 

According to the fasting plasma glucose concentration (FPG), of 157 subjects, 

normoglycaemic (<6.1 mmol.l-1), impaired fasting glycaemic (IFG; 6.1 – 6.9 

mmol.l-1) and diabetic ( 7.0 mmol.l1) were present to the extents, 89.8%, 5.6% and 

4.5%. According to the plasma glucose concentration at two hours following oral 

glucose challenge (75g), of 128 subjects, normoglycaemic (<7.8 mmol.l1), impaired 

glucose tolerant (7.8 – 11.0 mmol.l1) and diabetic ( 11.1 mmol.l1) were found to be, 

78%, 13.3% and 8.6%, respectively. In comparison with fasting plasma glucose, 

plasma glucose concentration at 2 hours following 75g oral glucose detected more 

marginal glucose intolerant and diabetic individuals. 

 

BMI and hyperglycaemia 

 

FPG and PPG increased with increasing BMI. Correlation was significant at p = 

0.05 (FPG) and p = 0.01 (PPG), respectively. Overweight (BMI > 25 kg.m-2) were 

more likely to have elevated plasma glucose concentrations, fasting and post-

glucose-load, than those with a desirable BMI (odds ratios, FPG = 2.4 and PPG = 

1.7). 
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WHR and hyperglycaemia 

 

All male and female subjects with a WHR <0.88 and <0.85 were normoglycaemic. 

At a WHR 0.88 and  0.85, impaired glycaemia (FPG, >6.1) was found in 17.4% 

of male and 7.3% female subjects. With WHR, FPG and PPG had a positive 

significant correlation (p>0.01) in the male. The odds ratio 3.0, implied that the 

risk of elevation of plasma glucose concentration in subjects with a higher WHR 

was 3-times that in subjects with a desirable WHR. 

 

Serum total cholesterol 

 

Serum total cholesterol concentration (TC) of study subjects (n=162) was 5.58  

1.03 mmol.l-1, male and female having 5.49  1.06 mmol.l-1and 5.66 1.00 mmol.l-1, 

respectively. TC, desirable (<4.39 mmol.l-1), borderline high (4.40 – 5. 14 mmol.l-1) 

and undesirable high (5.15 mmol.l-1), were found in 12%, 23.5% and 64% of the 

study population, respectively. Accordingly, 88% of subjects were 

hypercholesterolaemic. 

 

BMI and serum total cholesterol 

 

BMI categories, <18.5, 18.5 - 24.99, 25 – 29.99, >30 kg.m-2 had serum TC values 

5.18, 5.71, 5.47 and 5.68 mmol.l-1. The increase of TC with BMI increase was not 

significant. 

 

WHR and serum total cholesterol 

 

Hypercholesterolaemia (>4.4 mmol.1-1) was found in 90% of the males with an 

undesirable WHR of 0.88 and in 50% males with a desirable WHR of <0.88. In 

females, 92% with a desirable WHR (<0.85) and also, 88% with an undesirable 

WHR (0.85) had hypercholesterolaemia. In the male, undesirable WHR was 

associated with hypercholesterolaemia (odds ratio = 8.8. correlation p = 0.01). In 

the female, serum TC had no relationship with the WHR. 
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Serum triacylglycerol 

 

Serum triacylglycerol concentration (TAG) in 157 study subjects was 1.59  0.80 

mmol.l-1. TAG <1.71 mmol.l-1 (desirable), 1.71 mmol.l-1 (undesirable) were 67.5% 

and 32.5%, respectively. Males (n = 81) and females (n = 76) subjects had TAG 

concentrations, 1.78  0.91, 1.42  0.65 mmol.l-1, respectively. 

 

BMI and serum triacylglycerol 

 

In the desirable BMI (<25 kg.m-2) category 68% had a desirable TAG (<1.17 

mmol.l-1) and in the undesirable BMI (25 kg.m-2) category, 31.7% had an 

undesirable TAG concentration (1.17 mmol.l-1). Correlation between serum TAG 

and BMI was not significant. 

 

WHR and serum triacylglycerol 

 

In the male, with a desirable WHR (<0.88) and an undesirable WHR (0.88), TAG 

1.17 mmol.l-1 was found to the extents, 12.5% and 47%, respectively. In the 

female, with a desirable WHR (<0.85) and an undesirable WHR (0.85), TAG 

>1.17 mmol.l-1 was found to the extents, 8% and 28% respectively. Only in the 

female, WHR had a significant association with serum TAG concentration (p = 

0.01). 

 

Desirable / undesirable LDL-cholesterol, HDL-cholesterol 

and total cholesterol/HDL-cholesterol ratio 

 

Of 154 subjects, LDL-cholesterol concentration desirable, (2.32 m.mol.l-1 - 

desirable upper limit), borderline high (2.33 – 2.81 mmol l-1) and high (>2.82 mmol 

l-1) were found in 14 subjects (9%), 27 subjects (17.5%) and 113 (73%), 

respectively. HDL-cholesterol concentration (HDL-C) undesirable (<0.90) and 

desirable (>0.90) were found in 3 (1.9%) subjects and 153 (98%) subjects, 
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respectively. TC/HDL-C ratio, <5 (favourable) and >5 (unfavourable), were found 

in 119 (76%) and 37 (24%) subjects, respectively. 

 

Serum total cholesterol and blood pressure 

 

Systolic and diastolic blood pressures in the cholesterol categories, <4.39, 4.40 – 

5.14 and 5.15 mmol.l-1 were, 114.3  17.1, 115.3  14.0, 120.3  16.1 and 74.2  

13.3, 77.7  10.8, 78.6  12.0 mmHg, respectively. Systolic and diastolic blood 

pressure correlated significantly with the TC (p = 0.01 and p = 0.05, respectively). 

Systolic and diastolic blood pressures increased relative to serum TC elevation. 

 

This study established that preobesity, obesity and truncal obesity were influenced 

by age, sex, inheritance, income and physical activity. Also, preobesity, obesity and 

truncal obesity had undesirable influences on, blood glucose and blood pressure. 

Truncal obesity in addition had an undesirable influence on serum lipids. 
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CHAPTER  1 

 

INTRODUCTION 

 

 

1.1. Background 

 

Ensuring the maintenance of health of individuals and families is one of the most 

important tasks of a Family Physician. This task involves early detection of 

disorders, monitoring progress and prevention. The task also involves applying 

selective screening tests and identifying those individuals who are at risk. 

Identification and modulation of risk factors is a task of the consultation in a 

Family Practice (1).  

 

Obesity is one of the disease conditions associated with a high risk of coronary 

heart disease in Asians including the Sri Lankans (2). The effective control of the 

epidemic of coronary heart disease in Sri Lanka depends on identification and 

care of people at high risk, as well as treatment of those with the disease. Thus, 

primary prevention strategies for individuals and populations need to be given 

high priority. In this study with the main focus on obesity, the researcher makes 

an attempt to uncover certain cardiovascular risk factors that may be present in 

an apparently healthy urban adult population in Sri Lanka. 

 

1.2. Sri Lanka and its adult population 

 

Sri Lanka is situated in the Indian Ocean close to the southern end of the Indian 

peninsula. Situated from 6 – 10 North Latitude and from 80 – 82 East Longitude, it 

has a maximum length of 435 kilometres and a maximum width of 225 kilometres 

and an area of 65525 sq. km.  The geographical features are central highlands 

surrounded by an intermediate zone of upland ridges and valleys at a lower 

elevation. This in turn is surrounded by an outer and a lower zone of lowlands. A 
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coastal fringe consisting of sand bars and lagoons skirt the island. From the sea 

level the land appears to ascend in steps of three planes to a maximum height of 

2500 meters.  

 

Sri Lanka is a tropical country with a warm climate and sunshine throughout the 

year. The hours of light and darkness are nearly equal everyday. The average 

temperature varies from 26C to 28C in the lowlands, while in the upcountry it 

varies between 14C to 24C. 

 

For purposes of administration, Sri Lanka is divided in to 8 provinces, 25 districts, 

and 321 Divisional Secretary areas. Divisional secretary areas are further divided 

in to Grama Niladari Divisions. Colombo district is the most densely populated 

district in the country with 3303 persons/sq.km according to census in 2001. 

Colombo district is divided in to 557 Grama Niladari Divisions (3). The current 

study was conducted in one of these Grama Niladari Divisions in the Colombo 

district. 

 

The country gained political independence in 1948 and became a Democratic 

Socialist Republic in 1972. It now has a democratic rule under an executive 

president and a parliamentary system.  

 

The population of Sri Lanka for the year 2001 was estimated as 18.7 million. The 

adult population above 18 years of age was 67.1% in 2001.The population studies 

showed a slight excess of females to males. In 2001, sex ratio, females to males was 

1: 0.979 (3). 

 

Sri Lanka is a developing country in the South East Region with a GNP per capita 

of Rs. 73,528/= (US$ 735.28) in 2001. It had a high literacy rate of around 90.1% in 
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1994. The unemployment rate was 7.9 % in 2001. The life expectancy computed 

during 1996 to 2001 was 73 years (3). 

 

There are four major ethnic groups in Sri Lanka. Sinhalese comprise the majority 

(74%). The Sri Lankan Tamils are the largest minority group (12.7%). The Moors, 

Indian Tamils and Burghers account for the rest. Each ethnic group is a strong 

community and possess unique features such as language, religion, literature, 

history, traditions, and customs. People practice one of the four main religions, 

Buddhism, Hinduism, Islam and Christianity. Most of the Sinhalese are Buddhists, 

and most of the Tamils are Hindus. Almost all Muslims practice Islam. Christians 

are found in all ethnic groups. 

 

Rice is the staple food. A major portion of the land under cultivation is utilised to 

grow paddy and tea, the latter being consumed as a herbal drink by almost all Sri 

Lankans. Tea is also a major income earning export product. A variety of 

vegetables, legumes and fruits are grown throughout the country. Fish, poultry, 

cattle, pigs and are the main providers of animal protein. 

 

The traditional Sri Lankan meal consists of a plate of rice served with spiced 

vegetable curry cooked in coconut milk and likely to contain legumes, fish or meat. 

This meal is rich in fibre and basically low in fat. In the recent past, food habits of 

urban communities have shown a change mainly due to their busy work schedules 

and the availability of take-away fast foods. As a result people are cutting down 

cooking in their homes and are getting used to eating from fast food outlets. Fast 

foods contain less fibre, refined starch and an increased amount of fat. Gradually 

the staple food rice is being replaced with bread in urban and semi-urban 

communities (2, 4). 
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1.3. The problem of Obesity - An overview 

 

Obesity can be seen as one among many of the non-communicable diseases now 

observed in both the developed and the developing countries including Sri Lanka. 

It is a chronic disease that requires long-term strategies for effective prevention 

and management. Since this disease is increasing at a rapid rate across the world, 

the World Health Organization declared obesity as a major public health 

problem (5). Obesity has been recognized to contribute to a number of adverse 

health problems including hypertension, diabetes and hyperlipidaemia (5). These 

are the major vascular risk factors causing ischaemic heart disease and 

cerebrovascular disease (5). 

 

According to the United States Department of Health and Human Services Centre 

for Disease Control, during 1999 – 2000, 64% of the United States adults were 

preobese and obese (body mass index  25 kg.m-2) (6). 

 

There is only one study, on the body mass index of Sri Lankan adults published up 

to now. In 2002, Wijewardena et al (7) conducted a national survey. The survey 

included 6664 adults, of ages 30 years to 65 years, from four provinces of Sri 

Lanka. The prevalence of obesity was 6.3% in females and 2.1% in males. A study 

on obesity encountered in general practice had been conducted by Jayawardena in 

1992 (8). He studied the BMI profiles of all adult patients attending his General 

Practice Clinic during a period of three months and found overweight in 22% and 

obesity in 8%. 

 

According to the Annual Health Bulletin of the Department of Health Services of 

Sri Lanka (2001), ischaemic heart disease was the first leading cause of 

hospitalised deaths amounting to about 18 per 100,000. Ischaemic heart disease 
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had been on the increase from 1980 (3). A dramatic increase, over the years, in 

the number of cases hospitalised due to diabetes mellitus also had been reported 

in the Annual Health Bulletin of the Department of Health Services (2001) (3). In 

1980, 66 per 100,000 population and in 2001, 245 per 100,000 population had been 

hospitalised due to diabetes mellitus (3). 

 

The above stated increases in hypertension and diabetes mellitus could have been 

due to overweight and obesity. But anthropometric data is not available on 

overweight. The increase of hypertension and diabetes mellitus point to the 

importance of establishing, whether or not, and to what degree, these diseases are 

associated with overweight and obesity in Sri Lankan adults. Therefore study of 

the body mass index and waist-to-hip circumference ratio as indices of general 

obesity and central obesity, respectively, and their association, if any, with the 

above mentioned cardiovascular risk factors, in a Sri Lankan population, was 

thought to be very appropriate. 

 

Central obesity, high circulating insulin, abnormalities in triglyceride metabolism 

and low HDL levels have been implicated in the aetiology of CHD in Asians, 

including Sri Lankans (2). Since insulin resistance is thought to play a role in the 

causation of CHD (9), methods to reverse it need to be looked into. The only 

known methods of improving insulin sensitivity at present are controlling obesity 

by increasing the level of physical activity and diet control. Therefore, promotion 

of healthy eating habits and motivation of people to increase their physical 

activity could be used as prime strategies for primary prevention of the CHD. 

 

Because a family physician has ready access to people in the community, 

identifying predisposing risk factors in apparently healthy populations can be 
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carried out by him / her at the consultation. A family physician who has a good 

doctor-patient relationship could play a key role in disseminating information 

about healthy life styles and implementing screening procedures in ones practice. 

 

This intervention is easier because people of Sri-Lanka are becoming increasingly 

conscious of their figure. This inference was made based on the questions they ask 

their family physician regarding obesity and associated risk factors, methods that 

could be adopted to reduce weight and about favourable food habits. One of the 

reasons for an increased awareness of obesity now-a-days is health education of the 

public through media. In addition, people seem to have become more conscious 

about their physical appearance now-a-days, more than in the past and also there 

is a belief in our society that obese people are unhealthy. 

 

1.4. Relationships between obesity and vascular disease 

 

Atherosclerosis is one of the outstanding diseases of developed communities. 

Atherosclerosis causes narrowing of arterial lumen leading to occlusive 

thrombosis. Atherosclerosis is the major cause of disability and death from 

ischaemic heart disease, cerebral infarction and ischaemia of lower limbs. 

Atherosclerosis is almost always present to some degree in the middle-aged and old 

people (10). 

 

The lesions of atheroma consist of plaques of intimal thickening of arteries, due 

mainly to deposition of lipids and formation of fibrous tissue subsequently. 

Atherosclerotic lesion has  soft lipid-rich and a hard fibrous components (10). 

 

Studies in man with labelled-cholesterol showwed that most of the cholesterol in 

the human aortic intima is derived from blood plasma. Since the arterial 

vasavasorum supplies only the outer part of the vessel wall, plasma lipid must 
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enter the intima from the lumen via the endothelial lining. Animal studies have 

shown that plasma proteins and certain lipids normally pass in to the intima via 

this route, particularly around the mouths of arterial branches. This observation 

indicates increased endothelial permeability at sites where atheroma tends to occur 

in man, and where lesions resembling human atheroma can be induced 

experimentally by feeding animals on a cholesterol-rich diet. Such a focal increase 

in permeability is associated with an increased rate of endothelial cell-turnover 

and it has been suggested that the endothelium at certain sites, including the 

vicinity of arterial branching, is subject to increased shearing stress which may 

account for its greater permeability and high cell turnover rate (10). 

 

Obesity is known to be associated with dyslipidaemia, hypertension and diabetes 

all of which promote endothelial damage and atheroma formation (10). 

 

1.5. The present study and justification for the study 

 

In this present study, simple anthropometric measurements, body weight (kg) and 

standing height (m), of a healthy adult population living in an urban locality 

(Colombo District, Wattegedara Grama Niladari Division) were obtained to 

calculate the body mass index (BMI). The study looked for a familial link on the 

BMI and an association of physical activity with the BMI. Once the body mass 

index profile of the study population was established, the study went on to 

categorise the population into body mass index subgroups, ‘ideal or normal BMI 

category’, ‘underweight BMI category’, ‘preobese BMI category’ and the ‘obese 

BMI category’. Sub-grouping of the study population would be by using the cut-off 

points in ‘Classification of adults according to BMI’ recommended by the World 

Health Organization (5) and also using the cut-off values  proposed for Asian 

populations by Singh et al.(11). 
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There are many reasons to justify a study BMI profile of Sri Lankan adults. It is 

well documented that apparently healthy populations of adults are having BMI 

profiles spanning from underweight, through ideal weight and preobesity to 

obesity (5). It is worth mentioning that, determination of BMI profile of a Sri 

Lanka adult population has been a much-ignored subject. The necessity to 

maintain periodic BMI registers at a national level (as done in some Western 

countries) appears to be a requirement in the light of undesirable health 

consequences due to fluctuations of the BMI owing to political, financial, social, 

and environmental causes. This study therefore would serve as a catalyst to initiate 

further studies on the BMI and BMI-related health studies in Sri Lanka, in the 

future. 

 

Publications too numerous to summarise, including the various World Health 

Organization Expert Committee Technical Reports published from time to time, 

revealed that subjects within the undesirable BMI categories harbour clinical 

ailments or are predisposed to future debilitating illnesses. Subjects at the lower 

end of the BMI scale (<18.5 kg.m-2) are prone to illnesses associated with 

undernutrition. But, debilitating illness also may have precipitated a lower BMI. 

Those at the preobese BMI scale (25.0 kg.m-2– 29.99 kg.m-2) hold more 

comorbidities when compared with the normal BMI category (18.5 kg.m-2 – 24.99 

kg.m-2). Risk of comorbidities becomes increasingly higher in the obese category 

(>30.0 kg.m-2) than in the preobese category (5). 

 

A study confined only to the determination of BMI, in the context of the data 

available currently, fails to achieve the desired outcomes if comorbidities 

associated with the BMI extremes are unexplored. 
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In the light of a vast amount of research on BMI, especially on urban populations 

across the globe (5) that highlight comorbidities associated in varying degrees 

across the spectrum of BMI, this study aimed to study associations: 

anthropometrically; BMI with the WHR, physiologically; BMI with both systolic 

and diastolic blood pressure, biochemically; BMI with the glycaemic status and 

BMI with lipid profile. In this study, subjects living in an urban area, subjected to 

exclusion criteria, were selected. And, the findings were compared with those on 

BMI and BMI-related comorbidities that have been reported globally. 

 

It is hoped, that findings of this study would be useful in devising programmes 

aiming at better health and the well-being of people, and also, would set the pace 

for similar BMI-related studies in Sri Lanka. Because this study employs 

universally accepted cut-off values in all its interpretations, it would enrich the 

global data bank, though in a small way, at a time when there is a need to have 

BMI-related data input to the global data bank from Sri Lanka. It is also hoped 

that the finding of this study would interest the health policy planners and decision 

makers, health care delivery agencies and health care delivery personnel including 

the family physicians of Sri Lanka, at a time when the World Health Organization 

and researchers in the field are concerned about a global epidemic of obesity and 

escalation of obesity related disorders even in the economically developing 

countries. 
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1.6. Objectives 

 

To study the relationship of body mass index and waist-to-hip circumference ratio 

to selected physical and biochemical parameters, 

 

The specific objectives are to determine 

1. The proportion of overweight in an apparently healthy population. 

 

2. The relationship of body mass index and the waist-to-hip circumference ratio 

to blood pressure. 

 

3. The relationship of body mass index and the waist-to-hip circumference ratio 

to plasma glucose. 

 

4. The relationship of body mass index and the waist-to-hip circumference ratio 

to serum lipids. 

 

5. The influence of physical activity on the body mass index and the waist-to-hip 

circumference ratio. 

 

6. The influence of familial predisposition on body mass index. 
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CHAPTER  3 

 

 
METHODS 

 

 

3.1. Written documents 

 

3.1.1. Invitation to participate – the letter 

 
Letter of invitation for the prospective participants of the study, i.e. the target 

population is given in Appendix I. 

 

3.1.2. Data collection form 

 

Data gathered at the commencement of study (socio-economic status, medical 

history - both personal and family, dietary habits and physical activity) and within 

the study (anthropometric, physiological and biochemical) were recorded in 

individual’s data collection form (Appendix II). 

 

3.1.3. Medical advice to participant on observations made during the study 

 

Observations, and results of examination and investigations made during the study 

and advice given to the subject (where relevant) were written as a report and 

handed to the study subjects (Appendix III). 

 

3.2. Equipment for measurement of 

 
3.2.1. Body weight 

 

For body weight measurement, a beam balance with movable weights, graduated 

in kilograms (kg) and grams (g), calibrated for accuracy was used. 

  

3.2.2. Standing height 

 

For standing height measurement, a vertical pillar to which a metric rule (cm) has 

been fixed and also with an attached horizontal headboard that can be moved up 

or down to touch the (most superior part of the) head was used. 
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3.2.3. Waist circumference 

 

For waist circumference measurement, a narrow (0.75 cm wide), flexible non-

stretch fibreglass tape graduated in centimetres and subdivided in millimetres was 

used. 

 

3.2.4. Hip circumference 

 

For hip circumference measurement, a narrow (0.75 cm wide), flexible non-stretch 

fibreglass tape graduated in centimetres and subdivided in millimetres was used. 

 

3.2.5. Blood pressure 

 

For blood pressure measurement, a mercury sphygmomanometer (pre-calibrated) 

with an attachable inflatable cuff 12 cm diameter, and a stethoscope (Litman) was 

used. 

 

3.3. Implements for assessment of familial predisposition 

 
For familial predisposition assessment, colour photographs of the whole body of 

people clad in their usual clothing were used. Each photograph carried a note of 

the BMI on each photograph. 

 

3.4. Chemicals 

 
3.4.1. Glucose GOD/PAP reagents 

 

For plasma glucose concentration determination, Diagnostic Kit - GOD-PAP 

(Randox Laboratories Ltd., UK) was used. The kit included; phosphate buffer (pH 

7.0) also containing phenol, 4-aminophenazone, glucose oxidase, peroxidase and a 

standard glucose solution of concentration 5.55 mmol.l-1. 

 

3.4.2. Cholesterol enzymatic endpoint reagents 

 

For the determination of serum cholesterol concentration, Diagnostic Kit - 

Cholesterol Enzymatic Endpoint Method (Randox Laboratories Ltd., UK) was used. 
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The kit included; Pipes buffer (pH 6.8), 4-aminoantipyrine, phenol, cholesterol 

esterase, cholesterol oxidase, peroxidase and a standard cholesterol solution 5.17 

mmol.l-1. 

 

3.4.3. Triacylglycerol GPO-PAP reagents 

 

For the determination of serum triacylglycerol concentration, Diagnostic Kit - 

GPO-PAP Method (Randox Laboratories Ltd., UK) was used. The kit included; 

Pipes buffer (pH 7.6), Enzyme reagent  (4-aminophenazone, ATP, lipases, glycerol 

kinase, glycerol-3-phosphate oxidase and peroxidase) and a standard 

triacylglycerol solution 2.29 mmol.l-1. 

 

3.4.4. Quality control sera 

 

The following quality control sera (Randox Laboratories Ltd., UK) were used for 

the respective assays. 

Plasma glucose concentration determination: For accuracy and reproducibility 

control - Assayed Multi-Sera Normal and Elevated. 

Serum cholesterol concentration determination: For accuracy and reproducibility 

control Assayed Multi-Sera Normal and Elevated. 

Serum triacylglycerol concentration determination: For daily quality control – 

Randox Assayed Multisera, level 2 and level 3. 

 
3.5. Methodology 

 

3.5.1 Study design 

 

This study is a cross-sectional study, where 43.78% consenting adults of a 

Gramaseva Division (lowest administrative unit in the country) comprised the 

study group representing the overall population. After preliminary screening, 414 

subjects were randomly selected for the research study. 
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3.5.2.  Study locality and eligible population 

 

The study population was drawn from an urban residential area, close to the city 

of Colombo. The urban residential area under study was the ‘Wattegedara 

Gramaseva Division’, which is situated bordering the Maharagama town. The 

reason for selecting the ‘Wattegedara Gramaseva Division’ for this study was 

because the researcher’s Family Practice Centre is located within this area. 

‘Wattegedara Gramaseva Division’ had a total adult population of 3700 between the 

ages 20 years to 70 years in the year 1999/2000. Thus 3700 adults were the eligible 

population for this study. 

 

Whether this particular study population truly represents other urban populations 

in the country could be considered as a limitation to the study. 

 

3.5.3. Selection of the study sample 

 

The algorithmic flow-chart in page 49 gives the approach adopted in selecting the 

final study sample from the eligible population. 
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Flowchart to show the selection process of the final study sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5.3.1. Phase-I Invitation and enrolling the subjects 

 

People between the ages 20 years to 70 years, living in the ‘Wattegedara 

Gramasevaka Division’ were invited for this study. The invitations were written 

requests (Appendix I) delivered by hand to the house. This document explicitly 

explained the purpose of the study, degree to which commitment of participant is 

‘Wattegedara Gramaseva Division’ 

adults 20 to 70 years 

n = 3700 

all invited to participate in the study 

agreed to participate 

n = 1620/3700 (~ 44%) 

did not want to participate 

n = 2080/3700 (~56%) 

excluded 

n = 379/1620 (~23%) 

eligible for study 

n = 1241/1620 (~77%) 

 application of exclusion criteria 

Not selected for the study 

n = 827/1241 (~67%) 

Study sample 

 n = 414/1241 (~33 %) 

 randomised selection 
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sought and the benefits available to the participant from physical examination, 

anthropometric determinations and blood biochemical findings. 

 

The invitations were accepted by 1620 (44%) of the population under 

consideration (n= 3700). No compulsion was applied on individuals to enrol them 

for the study. The 1620 subjects participated purely voluntarily. 

 

The invitation letter distributed among the target population did not indicate that 

the research study was on obesity. It did indicate that the research study was 

related to general health and well being. Therefore, there was no reason for anyone 

to assume that the sample selection had a bias. The possibility that more 

overweight and obese people would have accepted the invitation did not exist. But 

one cannot exclude the fact that the sample would have comprised of people who 

are more health conscious. To encourage the participants of the working 

community, research study was conducted in the evening hours and on public 

holidays. But, there was a possibility that housewives and unemployed persons 

participated in higher numbers. 

 

3.5.3.2. Phase-II Screening of the invitees and exclusions 

 

The 1620 subjects who accepted the invitation to participate were screened at the 

researcher’s general practice family practice centre. The purpose of screening was 

to select the final study sample, ‘apparently healthy’. Screening was done by way 

of interactive dialogue. Face-to-face interviews were done with each subject, 

confidentially. 

 

The primary purpose of screening was to select an apparently healthy population. 

This was done by establishing the presence or absence of one or more of the 

following features / ailments in the subject. And subjects with one or more of the 

features / ailments were eliminated as per exclusion criteria (given below) from the 
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final study as these (criteria) were known to affect the BMI and affect BMI-related 

study parameters.  

 

For recording information gathered at the screening session a segment of the 

structured data form was used (Appendix II). 

 

Exclusion criteria and subject eliminated from the study: 

 

1. Cigarette smoker who continued to smoke cigarettes at the time of the 

study and the subject who could recall that he smoked for a period of six 

months continuously. 

2. Subject who consumed >21 Units (>168 g) of ethanol per week, regularly 

or the one who quitted heavy drinking during the past three years. The 

units of ethanol was determined by the approximate ethanol content of 

the alcoholic drinks (known) and the measures consumed (as stated by 

subjects). 

3. Subject with diagnosed endocrine disorder/s. 

4. Subject with major illness (present or past) including malignancy. 

5. Subject with diagnosed psychiatric illness and on antipsychotic drugs. 

6. Subject on long-term drug therapy which is known to interfere with 

body weight, blood pressure or biochemical parameters of the study. 

7. Subject who had undergone bowel surgery or any other condition that 

would interfere with the deglutition process. 

8. Subject with a diagnosis of diabetes mellitus. 

9. Subject with a diagnosis of hypertension. 

10. Subject with a diagnosis of dyslipidaemia. 

11. Woman with amenorrhoea with a positive test for pregnancy and 

mothers up to 6 months after child birth.  
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Also, the subjects who did not have the same consistent level of physical activity 

during the preceding three years were excluded from that component of the study. 

 

Limitations pertaining to exclusion criteria 

 

Exclusion criterion-1 pertaining to cigarette smoker and smoking could reveal 

very variable information in a population. The accuracy of information obtainable 

on the number of cigarettes smoked in a day by different subjects, ‘quit-and-

restart’ habit and duration of cessation cannot be assured. Exclusion criterion-2 

regarding ethanol; information obtainable on ethanol consumption too could not 

be highly relied upon due to casual heavy drinking as opposed to habitual 

drinking, social drinking as opposed to silent drinking, variability of type of liquor 

consumed and shyness to reveal information on ‘drinking’. 

With regards to the exclusion criteria 3 through 10, pertaining to illnesses 

associated with anabolism or catabolism or those that restrict nutrient intake or 

utilisation, hence could adversely influence the study parameters, verbal 

information given by subjects substantiated with medical records made decision 

making ‘inclusion or exclusion’ more objective. 

 

3.5.4. Type of study 

 

Of the 1620 subjects, 379 subjects were excluded from the final study, determined 

by the above exclusion criteria. Of the remaining 1241 subjects, 414 subjects were 

finally chosen for this study using random number tables (66). 

 

3.5.5. Ethical aspects 

 

The 414 subjects were made aware of the personal nature of this study, which 

would aim to collect socio-demographic data pertaining to the individual subject 

and the subject’s family, and anthropometric, physiological and biochemical data 

of the subject. Subjects were also told the manner in which their personal data 
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would be treated. Subjects were assured that their anthropometric and 

physiological data would be kept confidentially and advice would be given to those 

maintaining desirable levels on maintaining safe levels in the future. And for those 

with undesirable levels, advice would be given and ways shown including medical 

intervention to achieve normalcy. Before commencing the study the research 

proposal was approved by the University of Sri Jayawadenapura and ethical 

clearance granted. 

 

3.6. Data collection 

 

The time plan for data collection and data gathered from the study subjects are 

described below. 

 

3.6.1. Time spent for the study 

 

The process of enrolling subjects, which commenced in February 1999, was 

completed in two months. After enrolling the 414 subjects in the study, obtaining 

the socio-demographic data and clinical examination commenced on April 1999. 

Obtaining the data on anthropometry and biochemistry was completed in May 

2002.  

 

In the first phase, socio demographic data, anthropometric data and blood 

pressure data were gathered.  

 

3.6.1.1. The first phase 

 

All the 414 study subjects were interviewed and examined by appointment. 

Information was gathered on personal aspects, family income, dietary habits, 

physical activity and medical history and recorded in the individual’s data 

collection form (Appendix II). 

 



 54 

Afterwards, the anthropometric measurements, body weight (kg), standing height 

(m) waist circumference (cm) and hip circumference (cm) were obtained, also, 

blood pressure - systolic and diastolic (mm of Hg) were measured. At the 

conclusion of this session subjects were given appointments to come to the Family 

Practice Centre for blood biochemistry at a later date convenient to the subject. 

 

Accuracy of the above objective measurements depended on the accuracy of 

measuring instruments, the technique adopted and operator errors. The 

instruments used in the study (wherever applicable) were calibrated and the 

performance checked periodically.  A single operator i.e. the researcher obtained 

all the measurements employing the recommended standard techniques. This was 

to ensure accuracy and reproducibility of the measurements. 

 

3.6.1.2. Anthropometric measurements 

 

(i) Body weight measurement (kg) 

 

Body weight of the study subject was measured using a beam balance with 

movable weights. Weight measurement was done with light clothing and in bare 

feet. Weight was read up to a decimal point of kilogram and recorded (38). No 

allowances could be made for the weight of clothing. Different subjects (between 

sexes and within the same sex) wore different types of clothing and were reluctant 

to wear the gowns given to them for personal reasons. 

 

(ii) Standing height measurement (cm) 

 

Standing height of subject was measured using a metric ruler attached to a pillar 

to which was attached a movable horizontal headboard. The subject was made to 

stand on the flat surface with, bare feet. Subject was positioned so that the weight 

was distributed evenly on both feet and the head positioned so that the lower 

border of the orbit was in the same horizontal plane as the external auditory 
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meatus. The arms were made to drop freely by the sides of the trunk with the 

palms facing the thighs. Both heels were positioned to touch the base of the vertical 

pillar. When correctly positioned, the heels, buttocks, scapulae and the posterior 

aspect of the cranium, or in some subjects the buttocks heels or the cranium were 

in contact with the vertical pillar (67). 

 

Subject was asked to inhale deeply and maintain a fully erect posture without 

altering the load on the heels. The movable headboard was brought in contact with 

the most superior point on the head (with sufficient pressure to compress the hair). 

Reading was taken to the nearest 0.1 cm. Although the younger subjects complied 

and maintained a correct posture, difficulties were encountered in keeping the 

older subjects in the desired position due to their body architecture and physical 

weaknesses. 

 

(iii) Waist circumference measurement (cm) 

 

A narrow (0.75 cm wide) flexible non-stretch fibreglass tape graduated in 

centimetres and subdivided in millimetres was used for the WC measurement. 

Clothing was removed from the area under measurement. The circumference of 

the waist of subject was measured at the mid point between the lower border of the 

rib cage and the iliac crest (5). 

 

(iv) Hip circumference measurement (cm) 

 

The circumference of hip was measured using the same tape that was used to 

measure the waist circumference (iii).  Clothing was released just up to the 

buttocks. The widest part over the buttocks, i.e. the gluteal circumference was 

measured to the nearest 0.1 centimetre (68). 

 

3.6.1.3. Blood pressure measurement 

 

A sphygmomanometer connected to an inflatable cuff (12 cm diameter), the latter 
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also connected to an inflatable hand pump with deflatable outlet valve was used for 

determining systolic blood pressure. A cuff size of 12 cm  12 cm for non-obese and 

17.5 cm  35 cm for obese arms were used. The above instrument and the 

stethoscope were used to determine the diastolic blood pressure. 

 
Blood pressure was recorded after 15 minutes of complete rest and before the 

measurement the investigator talked to the subject to get the subject completely 

relaxed. Pulse rate was felt and if undue tachycardia was noted, subject was asked 

to rest further before the measurement was taken. Measurement was taken in the 

right arm with the patient seated. At the time of measurement cuff was at the level 

of the heart. The systolic blood pressure was measured at the cuff pressure at 

which the sound was first heard and the diastolic blood pressure was taken at the 

point of disappearance of the sound at the nearest 2 mmHg. (Korotkoff phase I 

and V). The pressure was measured by an inflatable riva rocci cuff attached to a 

mercury sphygmomanometer. Systolic and diastolic blood pressure was measured 

thrice over a period not less than 3 minutes apart. The mean value of the three 

readings was calculated (69). Blood pressure of all subjects was measured by the 

researcher himself. 

 

The sphygmomanometer is vastly used in clinical recording of blood pressure and 

justifies the use in this study. However, a variation of  8 mm. Hg in both pressures 

obtained by the same individual on the same subject in the same sitting is 

documented (65). Inaccuracies may result from variation in a subject’s cardiac 

rhythm and respiratory rhythm. In the elderly, overweight and obese subjects 

particularly with arteriosclerotic changes in the arm vessel walls, arrhythmias and 

also deep breathing could give inaccurate results. The third time readings may 

become lower due to lower vascular tone of the vessel wall (70). 
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3.6.1.4. Physical activity determination 

 
Adopting the criteria laid down by the World Health Organization occupational 

physical activity and leisure time physical activity of the subjects were graded and 

recorded. (71).  Occupational physical activity was graded into four categories: (1) 

sedentary (2) light (3) moderate (4) heavy. Leisure time physical activity was 

graded in terms of (activity) number of times per week: (i) never (ii) < once a week 

(iii) once to twice a week (iv)  3 times a week (71). 

 

Limitations pertaining to the above method of physical activity determination were 

that it was difficult to grade physical activity according to occupation as the 

amount of activity varied among those in the same occupation. For example, a 

surgeon will do more physical activity than a physician but both will be categorised 

as being in the same occupation. Also, leisure time physical activity did not 

accommodate both the type and duration of the physical activity. There is a second 

method of measuring physical activity, which is described below. It accounts for 

both limitations in the first method and with it physical activity can be measured 

and expressed numerically. 

 

In this study, physical activity was also obtained by the second method in which. 

‘Physical Activity Ratio (PAR) multiplied by time in hours’ (= PAR  T (hours)) for 

both occupational and non-occupational activities were added up (9). 

 

Physical activity ratios expressed as a factor of BMR, given in Table 3.1, was used 

in the computation.  

 

The researcher in this study introduced this approach to the computation of 

physical activity. This is a modification of the formula for calculating total daily 

energy expenditure in kilocalories (9). This approach obviates the need to 

determine the BMR of the subject. 
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Total daily energy expenditure =  

BMR x [(hours in bed x PAR) + (hours at occupational activity x PAR) 

+ (hours at non-occupational activity x PAR)] 

Table 3.1. Physical Activity Ratios (PAR) relating to occupational and 

non-occupational activities (9) 

 

Occupational Physical Activity Physical Activity Ratio (PAR) 

Professional 1.7 

Domestic helper / Sales person 2.7 

Labourer 3.0 

Non-occupational Physical Activity  

Sleeping 1.0 

Reading / Eating 1.2 

Household / Cooking 2.1 

Gardening / Golf 3.7 

Jogging / Swimming / Football 6.9 

 

The conventional formula for calculating the daily energy expenditure of an adult 

is as follows (9). 

 

 

 

 

 

 

The BMR factor, when removed from the above formula gives the sum total of 

physical activity ratios over 24 hours. Accordingly, the above formula was 

modified (by removing the BMR factor) into a new formula to express the physical 

activity numerically: 

 

  Total daily physical activity = 

[(hours in bed x PAR) + (hours at occupational activity x PAR) +  

    (hours at non-occupational activity x PAR) 
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This modified formula gave the sum total daily physical activity instead of total 

daily energy expenditure. And the need to know the BMR of study subject did not 

arise. This modified formula was used in this study and the values obtained for the 

‘total daily physical activity’ would be referred to as ‘physical activity numeric’. 

The computation of physical activity numeric is exemplified below with an 

example. 

Example: Calculation of ‘physical activity numeric’ of a physician, who sleeps for 7 

hours a day, performs professional activities for 10 hours a day, takes a brisk walk 

in the evening of duration one hour, three times a week and spends the remainder 

time (= 6.57 hours, see below) reading, partaking food and watching television. 

 

Calculation of duration of the evening brisk walk in terms of hours per day: 

1 (hr duration) × 3 (times per week) ÷ 7 (days per week)   0.43 hours per day 

Calculation of remaining time: 

7 (hrs sleeping) + 10 (hrs professional activity) + 0.43 (hrs brisk walk) = 17.43 hours 

24 (hrs - day) – 17.43 = 6.57 hours 

Physical activity numeric is calculated as follows. 

 

Activity Hours in activity × PAR (BMR factor) 

Sleeping 7  × 1.0  = 7 

Professional activity 10 × 1.7  = 17 

Brisk walk(ing) 0.43 × 3.7  = 1.59 

Reading / Partaking food / TV 6.57 × 1.2  = 7.88 

Physical Activity Numeric     = 33.47 

Physical Activity Numeric is the sum total of (hours in activity × PAR) for a day  

(i.e. 7 + 17 + 1.59 + 7.88 = 33.47). 

 

The total physical activity per day thus obtained when divided by 24 (number of 

hours per day) gives the mean physical activity level, i.e. PAL of a subject. Thus, in 
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this study, results will be presented in terms of PAL, which is a universally 

accepted way of expressing energy expenditure (5). 

 

Limitations of this second method of determining physical activity may stem from 

reasons such as: (1) time spent for occupational activities and non-occupational 

activities may vary from day to day. To minimise such errors activities were 

considered over a week and then computed for a day. (2) Physical activity of a 

subject can vary, from month to month, from year to year. Such subjects were 

excluded from the study in order to ensure accuracy of data (see exclusion 

criteria). Difficulties were expected in understanding physical activity descriptions 

given by certain subjects. Duration in terms of hours of non-professional activities 

as stated by certain subjects was vague. These factors may have contributed to 

lack of absolute accuracy of data. Nonetheless, approximations were considered 

adequate for a study of this nature. 

 

3.6.1.5. Familial predisposition assessment 

 

For familial predisposition assessment, whole-body colour photographs of people 

in middle age, clad in typical clothing, with known body mass indexes (18 kg.m-2 to 

40 kg.m-2), were shown to study subjects. This method was adopted from Bulik et 

al., who used figural stimuli to relate to BMI (17). The study subject was asked to 

identify the photograph that matched the body appearance of (i) father (ii) mother, 

in their middle age. The body mass index (BMI) associated with the photograph 

was assumed to be the BMI of father or mother, as appropriate. With this data, the 

subjects’ parents were grouped in BMI categories. 

 

Familial predispositions of bother/s and / or sister/s, as appropriate, were recorded 

by (i) asking whether brother/s and / sister/s are / were thin or usual size or fat or 

very fat and also (ii) by exposition of various photographs to the study subject. 
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When a study subject was the only sibling of the family, this segment of assessment 

of familial predisposition from brother/s and sister/s was excluded. 

 

The approach adopted in this study to derive and relate the BMI data to arrive at 

a familial link for the BMI is exemplified below. 

 

Each study subject got a numerical figure (a score) indicative of familial 

predisposition, as shown in Table 3.2 and in the example given below. 

 

Table 3.2. The score assigned to BMI categories obtained 

by exposition of photographs to study subjects. 

 

BMI of brother / sister; (body composition) Numerical figure assigned 

< 19 (thin) 1.25 

20 – 24.99 (average) 2.50 

25 – 29.99 (moderately fat) 5.00 

> 30 – 34.99 (fat) 10.00 

> 35 (very fat) 20.00 

 

Example: A subject has two sisters with average body weight (BMI in the range 20 

– 24.99) and one brother who is fat (BMI in the range 30 – 34.99) Score related to 

BMI in the interpretation of familial predisposition: 

Number of siblings in the BMI category   Numerical figure* 

2 sisters - BMI 20 – 24.99 2  2.5*  =  5 

1 brother - BMI 30 – 34.99 1  10* =  10 

Sum (5 + 10)    =  15 

* Numerical figure obtained from Table 3.2. 

Score per sibling (sum of numerical figures divided by the number of siblings) is 

 15 ÷ 3 = 5 
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Therefore, the familial predisposition of the subject, deduced from the 

hypothetical score assigned to BMI of sisters and the brother is 5. Thus the study 

subject, if moderately fat (BMI 25 – 29.99) or thereabouts, shows a familial link. If 

it were so then it is suggestive that the presumption made was in fact factually 

correct. Hence this approach can be used as a means of determining the inclination 

or the tendency towards familial predisposition. 

 

Limitations 

 

Familial predisposition assessment by recall of body size of parents or siblings as 

thin / average / moderately fat / fat / very fat, is rather subjective as it depends on 

ones own perceptions. On the other hand, association of body size (of parents or 

siblings) with photographs (of other people) may decrease subjectivity. Not being 

able to accurately recall the body frame of their parents in middle age can also 

decrease accuracy of the findings. 

 

3.6.2. Biochemical estimations 

 

3.6.2.1. Preparation of subjects for blood biochemical estimations 

 

At the conclusion of preliminary data acquisition session (3.6.1.1) the 414 subjects 

chosen for biochemical investigations were given explanations on the glycaemic 

study and the lipid study that they would undergo. Further, the need to fast 12 

hours for the glycaemic study and 14 hours for the lipid study were explained to 

the subjects. They were told about venepuncture, twice for the glycaemic study 

and once for the lipid study and also about the volumes of blood that would be 

drawn for the respective studies; 2 x 2 ml for the glycaemic study and 3 ml blood 

for the lipid study. 

 

Subjects were assured that their biochemical data would be kept in confidentiality 

and advice would be given to those within the acceptable ranges to maintain safe 
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levels. And for those with undesirable levels, advice would be given and ways 

shown including medical intervention to achieve normalcy. Thus, informed verbal 

consent was obtained from the subjects and their willingness and agreement to 

participate in the study was secured. 

 

Subjects were given three future appointments to visit the Family Practice Centre, 

in order (1) to assess the glycaemic status (2) to determine serum lipid profile and 

(3) to collect the reports  and to receive a briefing on the biochemical status with 

apt health advice. 

 

When coming for the glycaemic status study, subjects were advised to be on their 

usual diet during the preceding week and observe a 12-hour fast up to the time of 

blood withdrawal. Phlebotomy was done having ensured that the subject is on a 12 

hour fast. 

 

Once phlebotomy was done for the glycaemic status study on one morning, the 

second appointment was given for another morning, 2 weeks later for the lipid 

profile determination. Once again, subject was asked to adhere to the usual diet 

and routine activities during the preceding week and come to the Family Practice 

Centre prepared to give a sample of blood observing a 14-hour fast to the time of 

phlebotomy. Blood was withdrawn having confirmed that they had fasted for 14 

hours. 

 

Subsequently, subject’s third appointment to visit the Centre was confirmed. At 

this visit subject were told that they could collect the reports of anthropometry, 

physical activity, physiological and biochemical findings. The subject, where 

relevant, would be offered advice and guidance for future well-being. 
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3.6.2.2. Blood sample collection and blood specimen processing 

 

Four hundred and fourteen subjects (n = 414) were invited for the complete study 

including the biochemical determinations. Each subject was given two morning 

appointments to come to the Family Practice Centre, one morning for the 

glycaemic study and another morning (2 weeks later) for the lipid study. 

 

Subjects awaiting phlebotomy were rested, seated, 15 – 20 minutes. Venepuncture 

was done using a disposable hypodermic needle (gauge 23) and plastic syringe 

supplied in one sterile pack. Blood samples collected for glucose concentration 

determination and lipid determinations were venous blood drawn from the median 

cubital vein. A tourniquet was applied around the upper arm just before 

puncturing the vein, and released as the required volume of blood was withdrawn 

into the disposable plastic syringe. 

 

For fasting (12 hour) plasma glucose (FPG) concentration determination, 2 ml 

venous blood was obtained. After withdrawal of blood the subject was given a 

glucose solution to drink (75g glucose dissolved in 250 ml water). Two hours later 2 

ml venous blood was obtained for 2-hour post-glucose-load plasma glucose (PPG) 

concentration determination. 

 

For the determinations, serum total cholesterol concentration (TC), serum HDL-

cholesterol concentration (HDL-C) and serum triacylglycerol concentration 

(TAG), 3 ml venous blood was obtained from subjects fasted not less than 14 

hours. 

 

For glucose, TC, HDL-C, TAG determination blood samples were despatched to a 

laboratory that maintains internal and external quality control. 
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The common inadvertent pre-analytical errors leading to wrong analytical results 

could come about due to patient non-compliance, wrong phlebotomy technique, 

improper sample preparation and analytical imprecision. 

 

3.6.2.3. Plasma glucose concentration determination 

 

Glucose concentration of plasma samples obtained under the 12-hour fasting 

condition and two hours after 75g glucose loading was determined by the glucose 

oxidase – peroxidase enzyme method (Diagnostic Kit - GOD-PAP  Randox 

Laboratories Ltd., UK) (72). 

 

Limitations of the method 

Although the GOD-PAP method measures ‘true’ glucose concentration, the 

presence of supraphysiological concentrations of ascorbic acid, uric acid, 

glutathione, bilirubin and creatinine in blood (which were not assayed) could 

falsely lower the glucose concentration. 

 

3.6.2.4. Serum cholesterol concentration determination 

 

Cholesterol concentrations, TC and HDL-C of serum samples were determined by 

the Cholesterol Enzymatic Endpoint Method - Randox Laboratories Ltd. UK (73). 

 

Limitations of the method 

 

Although the Cholesterol Enzymatic Endpoint Method measures ‘true’ cholesterol 

concentration, free haemoglobin concentrations in sera due to haemolysis 

exceeding 200 mg.dl-1 could give false high cholesterol concentrations. Also, 

bilirubin exceeding 5 mg.dl-1 would give false high values. So, haemolysed and 

icteric samples are unacceptable for analysis. 

 

3.6.2.5 Serum triacylglycerol concentration determination 

 

TAG concentration of serum samples was determined by the Triglyceride GPO- 
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PAP Kit Method - Randox Laboratories Ltd. UK (74). 

 

Limitations of the method 

 

Although the GPO-PAP method measures ‘true’ triacylglycerol concentration, free 

haemoglobin concentrations in sera due to haemolysis exceeding 600 mg.dl-1 or 

bilirubin concentrations exceeding 29 mg.dl-1 could give false high triacylglycerol 

concentrations. So, haemolysed samples or icteric samples are unacceptable for 

analysis.  

 

3.6.2.6 HDL-cholesterol concentration determination 

 

Limitations of the method 

It is known that hypertriacylglycerolaemic (hypertriacylglycerolaemia, TAG > 5 

mmol.l-1) sera often fail to give apolipoprotein-B free supernatants (75). Such 

supernatants contain chylomicron cholesterol and VLDL-C in addition to HDL-C. 

In this study, if hypertriacylglycerolaemic sera are encountered, LDL-C of such 

sera will not be calculated. 

 

3.6.2.7. LDL-cholesterol concentration computation 

 

In order to arrive at LDL-C concentration, the values of TC, TAG and HDL-C 

obtained under 3.6.2.4, 3.6.2.5. and 3.6.2.6. were used. The concentration of LDL-C 

was calculated for each subject’s serum, using the formula (75), 

LDL-C (mmol.l-1) = (TC) – (HDL-C) – (TAG/2.2) 

 

Limitations of the method 

 

In obtaining the LDL-C by the above calculation, an assumption is made that the 

molar ratio of cholesterol to TAG (i.e. 2.2:1) in VLDL remains constant. 

However, this does not always hold true. This error is particularly evident when 

serum TAG exceeds 4.5 mmol.l-1 due to Type-III hyperlipoproteinaemia or 
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diabetes mellitus (75). In this study, if hypertriacylglycerolaemic sera are 

encountered, LDL-C of such sera will not be calculated. 

 
3.7. Data analysis 

 

3.7.1. Cut-off values used in interpreting results 

 
Body mass index (BMI) cut-off values: 

The values obtained for the BMI of study subjects were interpreted cut-off values 

recommended by the WHO and applicable globally (5). This was done in order to 

compare the findings of this study with the findings of global studies. 

BMI Category   BMI or BMI Range (kg.m-2) 

 Underweight <18.50 

 Desirable 18.50 – 24.99 

 Overweight: ≥25 

 Preobese 25.00 – 29.99 

 Obese 30 

 

(Adapted from the WHO Technical Report Series 894 (5) 

 

Waist to hip circumference ratio (WHR) cut-off values: 

 

The ratio, waist circumference (cm) by hip circumference (cm). >1.0 for men and 

>0.85 for women, recommended by the WHO (5) for global populations, was used 

as cut-off values for undesirable abdominal fat accumulation. Also, the WHR data 

obtained in this study were interpreted using the cut-off values, >0.88 for men and 

> 0.85 for women, recommended for Asian populations (11). 

 

Physical activity level (PAL) cut-off values: 

 

The value obtained for the physical activity numeric was divided by 24 (i.e. 24 

hours) to obtain the physical activity level (PAL). Physical activity levels obtained 

in the study were interpreted using the reference values given by the WHO (5), 
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Lifestyle                                                    PAL 

Sedentary                                                 1.4 

Limited activity                                       1.55-1.60 

Physically active                                      ≥1.75 

 

Blood pressure (BP) cut-off values: 

 

The values of blood pressure, in the sitting position, were interpreted as per WHO 

criteria (64). Systolic blood pressure  140 mmHg and or diastolic blood pressure  

90 mmHg were taken as cut-off values for hypertension. 

 

 

Plasma glucose concentration cut-off values: 

 

The values of glucose concentration in venous plasma (mmol.l-1) obtained at 12 

hours of fast (FPG) and also at 2 hours after the 75 g oral glucose load (PPG) were 

interpreted using the cut-off values recommended by the WHO (76). 

 

FPG (mmol.l-1)   Glycaemic status 

 < 6.1 normoglycaemia 

  6.1 – 6.9 impaired fasting glycaemia 

  7.0 diabetes 

 

PPG (mmol.l-1)   Glycaemic status 

 <7.8 normoglycaemia 

  7.8 - 11.0 impaired glucose tolerance 

  11.1 diabetes 

 

Serum lipid concentration cut-off values: 

 

The data obtained on lipid concentrations in serum (mmol.l-1) at 14 hours of fast 

were interpreted with respect to cut-off values recommended by Singh et al for 

Asian populations (11). 
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Cholesterol cut-off values: 

Serum cholesterol concentration (mmol.l-1) CV Risk by lipid status /  

 4.39 Desirable upper limit 

 4.40 – 5.14 Borderline high 

 > 5.15 High 

 

LDL-cholesterol (LDL-C)* (mmol.l-1) 

 2.32 Desirable upper limit 

 2.33 – 2.81 Borderline high 

 > 2.82  High 

 

HDL-cholesterol (HDL-C)* (mmol.l-1) 

 > 0.90 Desirable 

 

Serum TAG concentration (mmol.l-1) 

 <1.71 Desirable 

 

Serum TC: HDL-C (ratio) 

 3.0 – 5.5 Desirable 

 

Calculations: 

 

Body mass index (BMI) was calculated by dividing the body weight in kilograms 

(W in kg) by square of the height in meters (H2 in m) (5). 

  BMI (kg.m2) = W (kg)/ [H(m)]2 

 

Waist: Hip circumference ratio was calculated by dividing the waist circumference 

in centimetres (WC in cm) by the hip circumference in centimetres (HC in cm) (5). 

  WC: HC = WC (cm) / HC (cm) 

Computations pertaining to Physical activity and Familial predisposition were 

explained under the section 3.6.1.4. and  3.6.1.5, respectively. 
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3.7.2. Data entry and statistical analysis 

 
Initially, with the acquisition of data, the raw data was entered into Data 

Collection Form of each individual subject (Annexure II). Next, the raw data was 

transferred to computer Windows SPSS Spread Sheets. Accuracy of computerised 

data was checked by a second person. Computerised data was analysed using a 

Windows SPSS statistical software package. The numerical data (quantitative 

variables) were computed to obtain the mean  SD, median  SEM. The values of 

relevant parameters were evaluated statistically by determining Pearson’s 

correlation coefficient, multiple regression analysis and calculating the odds ratios 

using the SPSS software. Displays to substantiate written explanations such as 

tables, histograms, bar diagrams, pie charts and frequency distribution curves 

were obtained using Windows Microsoft Excel and Microsoft Word software 

packages. 
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CHAPTER  2 

 

LITERATURE REVIEW 

2.1. General considerations 

 

Almost all countries, developed and developing are experiencing an epidemic of 

obesity, with prevalence varying between countries and also within a country (5). 

In the developing countries obesity is more common in middle-aged women, people 

of higher socio-economic status, particularly in urban communities (12). Obesity is 

common not only in the middle-age populations, but it is also becoming 

increasingly prevalent among young-adults and children (13, 14, 15). It has been 

reported that urban Sri Lankans too have increased body mass indices and are 

also predisposed to cardiovascular risk factors due to overweight (2). 

 

Obesity is characterized by an excessively high amount of body fat or adipose 

tissue mass relative to the lean body mass. And, adiposity takes into account both 

the distribution of fat in the body and the size of adipose tissue (6). Body fat 

distribution had been estimated by a variety of techniques, simple to more 

sophisticated. These include the measurements; skin-fold thickness, waist-to-hip 

circumference ratio and sophisticated techniques such as ultrasound, computed 

tomography or magnetic resonance imaging (6). Even though sophisticated 

techniques are available to measure body fat mass and its distribution, BMI and 

WHR are extremely simple, practical and inexpensive indices that have been used 

in most studies reported in the literature (16). 

 

BMI is the measure describing the relationship, weight-to-height. BMI is 

calculated by dividing a person's body weight (W) in kilograms (kg) by the square 

of the height (H) in meters (m), i.e. W/H2 (kg.m-2). BMI correlates with body fat 

than the expression weight-to-height (6). But, occasionally an individual 
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categorized as overweight according the BMI may not necessarily be so, as an 

increase of muscle mass can also increase the BMI. For example, professional 

athletes lean and muscular have modest body fat. Thus they have high BMI values 

due to well-developed muscle mass, and are not necessarily overweight (6). Further 

to determining an individual’s BMI, a simple technique has been developed to 

determine familial predisposition to BMI by Bulik et al (17). This is known as the 

‘Figural Stimuli’ method. It involves matching by recall by an observer, figures of 

father, mother, brother and sister with silhouettes of fixed BMI values. In this way 

a familial link to BMI could be established. 

 

Waist-to-hip ratio (WHR) is the ratio of a person's waist circumference to hip 

circumference calculated by dividing the waist circumference (cm) by the hip 

circumference (cm). Pounder’s study on adult cadavers revealed that the waist 

circumference correlated more strongly with intra-abdominal fatness than the 

BMI (16). People carrying extra weight around their middle (abdomen), hence 

with a raised WHR, have greater health risks than those who carry extra weight 

around the hips or thighs (6). 

 

In recent years, different ranges of BMI and WHR cut-off values for assessment of 

preobesity, obesity and cardiovascular risk have been proposed. Newer, cut-off 

values (with respect to BMI and WHR) have been defined with the emergence of 

data in Asian populations (18). But the WHO Expert Committee addressing on 

appropriate BMI for Asian populations (2002) stated that, “at present the 

available data on which to base definite recommendations are sparse” (19). 

Nevertheless, the consultation conceded, “The goal for individuals should be to 

maintain the BMI in the range of 18.5 – 24.9 kg.m-2. Individuals with a BMI of 25 

to 29.9 kg.m-2 should be considered preobese, those with a BMI  30 kg.m-2should 

be considered obese” (19). 
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According to the World health Organization, a WHR >1.0 for man and a WHR 

>0.85 for woman ought to be considered as abnormal abdominal fat accumulation 

(5). But, according to the guidelines given by the United State Department of 

Health and Human Services Centre for Disease Control, for both men and women, 

a WHR of 1.0 is considered "at risk" or in the danger zone for undesirable 

health. And for men, a ratio of  0.90 is considered safe. For women, a ratio 0.80 

is considered safe (6). 

 

2.2. Global prevalence of obesity 

 

The most comprehensive data on the prevalence of obesity worldwide has been 

obtained in the WHO MONICA study (20). In this study, (1983 to 1986), BMI was 

calculated in 48 populations in the age group 35 – 64 years in both sexes. The 

findings of this study for the different WHO Regions are summarised below. 

 

2.2.1. European countries 

 

In European countries as a whole, 15% of men and 22% of women were obese. 

The most recent data from separate national studies indicated that the prevalence 

of obesity in European countries is currently in the range 10 - 20% in men, and 10 

- 25% in women (20). 

 

2.2.2. African region 

 

In the African region (where highly limited data is available) obesity prevalence in 

Ghana and Mali was around 0.8%. In South Africa, Cape Town, 8% of black men 

and 44% of black women were obese. This shows that there is a great variability of 

obesity among the three countries in the African region. In South Africa, sex 

difference in obesity was vast (20) 
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2.2.3. Western Pacific Region 

 

Data on the prevalence of overweight and obesity in countries in the Western 

Pacific Region are available for Australia, China, Japan and Samoa. In Australia, 

the prevalence of obesity in 1989 for ages between 25 - 64 years was 11.5% for men 

and 13.2% for women. In China, in 1991 for the age group between 20 - 25 years, 

the prevalence of obesity was 0.6% for men and 0.86% for women. In Japan, in 

1993, the prevalence of obesity in adults above 20 years of age was 1.8% in men 

and 2.6% in women (20). This shows that there was a low prevalence of obesity in 

China and Japan compared to Australia in the early nineties. 

 

2.2.4. South East Asia Region 

 

According to the WHO, good quality, nationally representative data for countries 

in the South-East Asia region are unavailable (19). 

 

2.2.5. United State of America 

 

Apart from the WHO statements on obesity, significant information is available 

from the United State of America. According to the National Health and Nutrition 

Examination Survey (1988-1994) the prevalence of obesity in adults was 19.9% for 

men, and 24.9% for women (21). 

 

2.3. BMI studies in Sri Lanka 

 

Despite the worldwide concern on the emergence of an obesity epidemic, it is 

noteworthy that, in Sri Lanka published data on the BMI profiles (nationally 

representative) of healthy Sri Lankan adults is meagre. The published data 

available on the BMI profiles of Sri Lankan adults have been obtained in patients 

hospitalised or are attending clinics seeking treatment. These studies are reviewed 

below. 
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The first published study on obesity in Sri Lanka was by Samarakoon and 

Sinnathamby in 1986 (22). A total of 4007 patients admitted to a Medical Ward in 

the Colombo General Hospital during a period of five months had been studied. 

Seventy patients were diagnosed as clinically obese. The incidence of obesity was 

1.3% in males and 3.1% in females (22). In this study, subjects were patients, not 

healthy adults. However, a relatively higher incidence of obesity was noted in 

females, paralleling the world trend. 

 

In 1987, Jayasinghe and Wickramasinghe studied the prevalence of overweight in 

the newly admitted adult patients to Sri Jayawardanapura General Hospital (23). 

In this study, the average BMI of the patient population was 25 kg.m-2. The 

prevalence of preobesity was 15% and obesity was 20%. The sex distribution in 

preobese and obese categories was almost identical (23). Once again, the subjects 

being patients, the figures obtained in this study cannot be applied to the general 

population. 

 

In another study, Jayawardena in 1992 studied the BMI profiles of all adult 

patients attending his General Practice Clinic during a period of three months (8). 

Jayawardena, using the BMI cut-off points for obesity, >30 kg.m-2 for men and 

>28.6 kg.m-2 for women, found that 8% of subjects were obese. The subjects of 

Jayawardena’s study were patients, hence, the data do not represent the BMI of 

healthy adults (8). However, obesity as a health risk factor had been recognized 

early in the previous decade, in Sri Lanka. 

 

In 2002, Wijewardena et al conducted a national survey. The survey included 6664 

adults, 30 to 65 years, from four provinces of Sri Lanka (7). The results showed 

that, in females the mean BMI was 23.3  4.5 kg.m-2 and in males 21.4  3.7kg.m-2. 

Further, it was shown that the prevalence of obesity in females was 6.3% and in 
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males 2.1%. The important further finding was that the BMI <20.0 kg.m-2 was a 

factor sparing individuals from hypertension and diabetes. 

 

A few studies have been reported in Sri Lankan schoolchildren. The accent of the 

following two studies has been (a) to ascertain the influence of affluence on the 

BMI (b) to ascertain the influence of race on the BMI, respectively. 

 

The study of Wickramanayake and Amarasinghe in 1990  had been carried out to 

compare the nutritional well being of schoolchildren of selected Colombo schools 

with those of semi-urban schools in Kandawatta using the BMI as a measure (24). 

Schoolgirls of Colombo schools, 18 years old, had a mean BMI of 19.3 kg.m-2 and 

in semi-urban schoolgirls 18.0 kg.m-2. Colombo schoolboys, 16 years old, had a 

mean BMI of 19.3 kg.m-2 and in semi-urban schoolboys 15.0 kg.m-2. These studies 

in schoolchildren point to the fact that nutrition can influence the BMI. There was 

no reference to obesity in young-adults in this study (24). 

 

Chandrasekera and Wickramanayake (1993) studied the BMI of Sri Lanka Moor 

children schooling in Kandy and Gampaha (25). The schoolboys had a mean BMI 

of 16.6 kg.m-2 and schoolgirls of the same age had a mean BMI of 18.8 kg.m-2. The 

Sri Lanka Moor children showed BMI values identical to those of Singhalese 

children in semi-urban schools (25). This study indicated absence of an ethnic 

influence on the BMI of the two ethnic groups, Singhalese and Moors of Sri Lanka. 

The study did not refer to obesity in children. 

 

The above two studies (24 and 25) carried out with young adults of Sri Lanka 

showed that the nutritional status is a factor that influenced the BMI. The Urban 

population of schoolchildren, both male and female, had a higher BMI than the 

semi-urban population of school children. The female young adults enter into 

adulthood with a higher BMI value than their male counterparts. This may, at 
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least in part, explain a higher incidence of preobesity and obesity in the female 

compared to male. The absence of a difference in the BMI of Singhalese and Sri 

Lankan Moors is noteworthy. 

 

A study was reported beyond the schooling age, that is in the university 

undergraduate age group. This information was available as a Project Report of 

the Department of Physiology, Faculty of Medicine, University of Peradeniya. This 

study had been conducted to determine the BMI and fat composition of an 

undergraduate student population in 1997 (26). The ages of the undergraduate 

students were 21 to 26 years. The female students (n = 150) had a BMI of 19.02 ± 

3.41 kg.m-2, WHR of 0.75 ± 0.06 and a fat percentage of 19.96 ± 4.94. The male 

students (n = 150) had a BMI of 19.92 ± 2.92 kg.m-2, WHR of 0.82 ± 0.06 and a fat 

percentage of 13.23 ± 5.01. This study indicated that the healthy young adult 

undergraduate students maintained desirable BMI values and WHR values with 

reasonable body fat stores. These values indeed are below those accepted as 

desirable in the developed countries hinting a requirement for different cut-off 

values for the Asian populations. Further, the values do not predict overweight or 

obesity in men and women in Sri Lanka due basically, perhaps to genetic reasons. 

If overweight or obesity were to surface in these subjects later on in life, generally 

it could be due to aging, a changed life style due to improved socio-economic 

conditions and in women due to pregnancy that usually accompanies deposition of 

subcutaneous fat over a relatively short period of time under conditions of 

adequate nutrition. 

 

2.4. Aetiology of overweight and obesity 

 

In simple terms, overweight (preobesity and obesity) is a consequence of persistent 

positive energy balance, wherein the energy intake exceeds the energy expenditure 

over a considerable period of time. Many complex and diverse factors are known 
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to give rise to a positive energy balance. And it is the overlapping influence of a 

number of factors, i.e. genetic, overnutrition and physical inactivity rather than 

the influence of any one single factor, that is thought to be responsible for 

overweight to set in (27). Thus, genetic predisposition and over-nutrition coupled 

to physical inactivity (28) are the main factors favouring obesity. Food ingested is, 

in part, converted to energy and the balance is converted to glycogen and fat. The 

latter is stored in the body in the adipose tissue, and if in excess leads to 

overweight. 

 

2.4.1. Food Habits 

 

Unhealthy dietary practices, i.e. over-nutrition heighten the incidence of 

overweight and obesity (29, 30). Consumption of highly purified carbohydrate and 

energy dense foods in excess is the principal dietary predisposing factor to 

overweight, exacerbated by excessive ethanol ingestion. Consumption of energy 

dense foods and excessive ethanol intake go hand in hand with modern day living. 

Vegetarian diets, on the other hand, had been associated with reduction of truncal 

obesity (low WHR) and recognised to have a protective effect on myocardial 

infarction (31). The principal calorigenic foods are carbohydrate and fat. These 

when consumed in excess of requirement are stored in the body in the form of 

depot fat. Accumulation of depot fat leads to overweight. 

 

2.4.2. Carbohydrate 

 

Although carbohydrate as such is stored moderately within the body, 

carbohydrate overfeeding can lead to the formation and deposition of fat in 

adipose tissue (32, 33). Purified carbohydrate with high glycaemic index when 

ingested excessively can lead excessive lipogenesis and adiposity. 
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2.4.3. Fat 

 

The capacity for fat storage in the body is virtually unlimited. Further, excess 

dietary fat does not markedly increase fat oxidation within the body. Excess 

dietary fat is readily stored in adipose tissue with a very high efficiency (i.e. 96%) 

(34). Dietary carbohydrate and lipid, consumed over and above the requirement, 

and their chemical and physical nature are the main diet-dependent factors 

contributing to body weight increase. 

 

2.4.4. Protein 

 

Amino acid metabolism is tightly regulated to ensure oxidation of any excess 

(protein) ingested (27). Thus, protein storage in the body is highly limited. A 

limited capacity to contain dietary protein as the ‘labile protein pool’ exists. Access 

to body protein beyond the labile protein pool is only through the loss of lean body 

mass. Therefore, dietary protein consumption, even in excess, would not lead to 

significant increases of body weight. 

 

2.4.5. Ethanol 

 

Ingested ethanol is oxidized principally in the liver, rapidly and efficiently,. This 

oxidative catabolism of ethanol overrides oxidative pathways of carbohydrate and 

fatty acids and reduces the rate at which the latter fuels are oxidized. Further, 

excessive ethanol metabolism leads to the formation and deposition of fat. Thus, 

ethanol consumed in excess over long periods can lead to laying down of excess 

body fat, provided the individual is not undernourished (27, 34). 

 

2.4.6. Dietary fibre 

 

It is also evident that, not only the quantity of food taken, but also the quality of 

food can precipitate overweight. A factor that determines the quality of food is 

fibre. Fibre limits the energy intake by lowering the energy density of food. The 
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bulkiness of food due to fibre allows for appetite control. By contrast, fat induced 

appetite control signals are thought to be too weak, or are too delayed to prevent a 

rapid intake of energy from a fat rich meal (27). Therefore, consumption of foods 

containing high carbohydrate, high fat and low fibre promote weight gain, 

ultimately leading to overweight. Food containing low fat, low carbohydrate, 

adequate protein and high fibre is protective against unhealthy weight gain. 

 

A recent research study done by the American Heart a Association (the CARDIA 

study), which was a prospective study spanning 8 years involving 2831 subjects, 

showed that timing of food intake is also important in regulating body weight (35). 

Subjects who ate breakfast were significantly less likely to be obese than those who 

usually did not. In this study, researchers found that rates of obesity and insulin 

resistance syndrome were 35% to 50% lower among people who ate breakfast 

every day compared with those who often skipped it (35). 

 

2.5. Physical activity 

 

Physical activity is a term globally used to refer to “any bodily movement 

produced by skeletal muscle that results in a substantial increase in energy 

expenditure over and above the resting energy expenditure”. It has three main 

components (5); Occupational work: activities undertaken during the course of 

occupation, Household and other chores: activities undertaken as part of day-

today living and Leisure-time physical activity: activities undertaken in the 

individual’s discretionary free time. Leisure-time physical activity is selected on 

the basis of personal needs and interests. It includes exercise and sport. 

 

Physical inactivity or sedentary behaviour has been defined as “a state when body 

movement is minimal and the energy expenditure approximates resting metabolic 

rate (RMR)” (28). 
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2.5.1. Physical activity ratio (PAR) 

 

Physical activity ratio is expressed as a factor relating to the basal metabolic rate 

(BMR) for both occupational and non-occupational activities (household and other 

chores + leisure time physical activity) (9). This is exemplified in Table 2.1 with a 

few selected physical activities and the PARs assigned to those. 

 

Table 2.1. Occupational / non-occupational physical activity versus 

physical activity ratio 

 

Occupational Physical Activity Physical Activity Ratio (PAR) 

Professional 1.7 

Domestic helper / Sales person 2.7 

Labourer 3.0 

Non-occupational Physical Activity  

Sleeping 1.0 

Reading / Eating 1.2 

Household / Cooking 2.1 

Gardening / Golf 3.7 

Jogging / Swimming / Football 6.9 

 

The total daily energy expenditure of an individual can be calculated by inserting 

the physical activity ratios in the equation (9): 

 

Total daily energy expenditure (kcal.d-1) = 

BMR x [(hours in bed × PAR) + (hours at work × PAR) + (hours at non-occupational 

activities × PAR)] 

 

In this present study, a modification of the above approach was adopted to 

determine the daily physical activity and not the daily energy expenditure, thus 

negating the need to determine the BMR of study subjects. This novel approach, 
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‘physical activity numeric' is detailed out in the Methodology Chapter. The value 

obtained for the physical activity numeric for twenty four hours when divided by 

24 (per hour) will give the mean physical activity level (PAL). 

 

2.5.2. Reduction in physical activity as a cause of obesity 

 

Reductions in the level of physical activity, coupled with increased energy intake 

are thought to be the major contributing factors towards overweight (34). 

It is the currently upheld view that the global epidemic of obesity is due in part to 

low PAL owing to mechanisation (5). 

 

Causes of increasing prevalence of obesity in the United States are unclear. The 

principles of energy metabolism dictate that, increases in energy intake, decreases 

in energy expenditure or both are involved. Available data from representative 

population samples suggest that there had been a little change in total energy 

intake per capita during the 1980s and 1990s and the percentage of energy from 

dietary fat declined (36). Because there is no reason to assume that there had been 

massive decreases in resting metabolic rate or genetic mutations that affect energy 

metabolism, decreases in average daily energy expenditure appear to be the most 

likely cause for the increase in obesity in the United States population (36). 

 

Obesity is absent in elite athletes. Athletes who give up sports frequently 

experience an increase in body weight and fatness. Furthermore, the secular trend 

in the increased prevalence of obesity seems to parallel a reduction in physical 

activity and a rise in sedentary behaviour. One of the best examples of this was 

provided by Prentice and Jebb (30) who used crude proxies for inactivity such as 

the amount of time spent viewing television or the number of cars per household. 

Their studies suggested that decreased physical activity and / or increased 

sedentary behaviour played an important role in weight gain leading to the 
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development of obesity. This conclusion is further supported by data form other 

prospective studies. Dietz and Gortmarker (15), for example, have shown that the 

duration of television watching by young children is predictive of BMI some years 

later. Rissanen et al. (37) have shown that a low level of physical activity during 

periods of leisure in adults is predictive of substantial weight gain e.g. >5kg in 5 

years. 

 

Though Sri Lanka is yet a developing country, successful marketing strategies 

coupled to ‘a want to live a comfortable life’  (live like Westerners), has welcomed 

mechanisation, which is an appendage of modernisation, in a big way, particularly 

over the last two decades. The beneficiaries of mechanisation are undoubtedly the 

entire island’s population. However, the urban dweller makes most use of the 

mechanised devices, the motor transport, electrical kitchen utensils, motorised 

household equipment, television – remotely operated, etc., all of which decrease 

ones energy expenditure. Further, particularly in the urban setting, ready to use 

pre-prepared food articles that are purchased at sales outlets almost at the 

doorstep, have made the various energy expending manual methods of food 

gathering and processing redundant (growing, harvesting, cleaning, winnowing, 

pounding, polishing, grinding, grating etc.), further encouraging a positive energy 

balance. Of the many energy-saving devices at our disposal, one is ‘water-on-tap’, 

and the other is ‘cooking gas on tap’, both of which prevent an individual 

expending body energy for drawing buckets of water from a well or gathering 

firewood for cooking. The vast spectrum of body-energy-saving devices came into 

companionship of the urban dweller of Sri Lanka during a very short span of time. 

Therefore, the transition from a higher energy expenditure level to lower energy 

expenditure level was abrupt. This itself may be a factor contributing to a positive 

energy balance of urban dweller in Sri Lanka. In my view, physical inactivity due 
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to mechanisation and consumption of highly processed energy dense foods, as 

opposed to semi-refined foods make the urban dweller a candidate for overweight. 

 

2.6. Genetic factors in obesity 

 

Certain ethnic groups, including Asians, appear to develop obesity when exposed 

to an affluent lifestyle. However, susceptibility to obesity related comorbidities is 

not uniform across the various ethnic groups (38). Epidemiological, genetic and 

molecular studies in many populations of the world have shown that there are 

people who are more susceptible to weight gain and development of obesity than 

others (27). Genetical, biological and other personal factors (such as alcoholism 

and cessation of smoking) interact to determine an individual’s susceptibility to 

weight gain (26, 27). It is likely that many genes are involved in the growth of fat 

cells and obesity, but we are just beginning to learn about the relationships 

between specific genes and obesity. 

 

The ‘Ob’ gene is thought to play a part in body weight regulation in the human 

and in the mouse. The Ob gene in the human is seen in both white and brown 

adipose tissue. The ‘Ob’ gene is found on chromosome 7 producing a 16 kDa 

protein called leptin (9). In obese mice mutation of the Ob gene has been shown to 

produce a non-functional protein. Administrations of native leptin to obese mice 

lead to loss of appetite and a reduction in weight (9). The action of leptin in the 

human is different to that in the mouse. In severely obese subjects plasma leptin 

concentration has been found to be high correlating well with the BMI (9). Here, 

the structure of leptin was normal and abnormalities in leptin were not a cause of 

human obesity (9). Weight reduction brought about by food restriction has been 

found to decrease plasma leptin concentration (9). It is apparent that leptin plays a 

role in human weight control but the exact mode of its action is unclear. 
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Also, studies have indicated that the rennin-angiotensin system too affects the 

growth of fat cells (39). For this reason, some workers have wondered whether 

variations, i.e. polymorphism, in the genes of the rennin-angiotensin system have a 

role to play in obesity. Strazzullo and Lacone et al. (39) examined whether 

polymorphism in the genes of the rennin-angiotensin system are related to obesity. 

They looked for associations between the three genes, ACE gene, AGT gene and 

AT2R1 gene with body weight to height and waist circumference. The results 

showed that the genes of the rennin-angiotensin system were related to obesity 

(39). From the above two studies it became known that obesity is associated with 

the Ob gene and the genes of the rennin-angiotensin system. 

 

2.7. Health consequences of overweight and obesity 

 

Health consequences of obesity are many and varied, ranging from an increased 

risk of premature death to several non-fatal but debilitating illnesses that have an 

adverse effect on the quality of life. Abdominal obesity determined by WC or 

WHR is of special concern as it is associated with greater risks to health than 

peripheral obesity (6). Obesity as a risk factor has been associated with a large 

number of disorders. Some such disorders are, diabetes mellitus Type-II (non-

insulin-dependent diabetes mellitus, NIDDM), dyslipidaemias, hypertension, 

coronary heart disease (CHD), congestive cardiac failure, sleep apnoea, respiratory 

disorders, osteoarthritis gallstone disease, depression and cancers of prostate, 

breast, colon and endometrium. 

 

Mortality has been found to rise, exponentially, with increasing bodyweight. The 

risk of coronary heart disease doubled when the BMI rose above 25 kg.m-2 and 

nearly quadrupled when the BMI rose above 29 kg.m-2 (40). The risk of developing 

diabetes increased with increasing weight and people with a BMI > 29 kg.m-2 had a 

forty-fold higher risk of developing diabetes mellitus than non-obese people (40). 
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Respiratory disease, sleep apnoea and osteoarthritis were more common in obese 

people (40). Obese also had higher risks of developing many cancers. For example, 

in the obese, the risks of large bowel and endometrial cancers increased twofold 

and fivefold, respectively, (39). Surgery and anaesthesia were more hazardous in 

the obese. Obesity increased obstetrics risks (39). Obese patients have been known 

to seek psychiatric treatment for low self-esteem and other mental disorders 

related to obesity (38). 

 

Extensive studies had been done to evaluate the association between body weight 

and cardiovascular risk. In such studies, BMI and WHR had been used as indices 

of body weight and body fat, respectively. Some of the findings of such studies, 

which are of relevance to the current study, are discussed below. 

 

Initially, it was the Life Insurance Companies that first undertook to evaluate, 

scientifically, the effects of obesity (38). It was necessary for the Life Insurance 

Companies to identify those clients who are at an increased risk of dying early, 

hence unprofitable to insure. As early as 1913, the Society of Actuaries published 

analyses showing that overweight was an important predictor of decreased 

longevity. At time intervals since then, the Metropolitan Insurance Companies 

have published tables of "desirable weight for height" for men and women. The 

most recent of such data was from the "Build Study" in 1979 (38). 

 

Mendis, in an article published in the Ceylon Medical Journal in 1996 (2) stated 

that Asians including Sri Lankans are genetically predisposed to atherothrombotic 

sequel. The risk is further augmented by urbanisation, increased mental stress, 

increased intake of saturated fat and low physical activity. These factors resulted 

in elevations of BMI and LDL-C and a high prevalence of diabetes mellitus. Rural 

Sri Lankans with a low BMI carried a low risk for coronary heart disease. In the 
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current study, the researcher is looking at relationships of BMI and WHR to 

cardiovascular risk factors in a selected urban population in Sri Lanka. The 

findings may substantiate Mendis’s findings (2). 

 

2.8. Health consequences of obesity – Sri Lankan studies 

 

Jayawardana did the first study of obesity-related comorbidities in 1992 in Sri-

Lanka (8). He found that hypertension was more prevalent in obese subjects 

(17.8%) compared with non-obese subjects (9%). Diabetes mellitus was also more 

prevalent in the obese subjects (7.2%) compared with non-obese subjects (2.6%). 

Jayawardana’s findings compared well with the studies done in Western countries. 

 

In 1994, Siribaddana, Fernando and others studied the prevalence of lipid 

abnormalities in a sample of Sri Lankan NIDDM patients (n = 493) and non-

diabetic controls (n = 253) (41). Results of this study indicated that, the prevalence 

of lipid abnormalities was significantly higher in diabetic patients than in controls. 

Prevalence of hypercholesterolaemia was 21% in diabetic patients compared with 

14% in controls. Hypertriacylglycerolaemia was present to extents, 8.3% in 

patients and 16% in controls. The mean fasting blood glucose was higher in 

hyperlipidaemic diabetic patients than in near-normolipidaemic diabetic patients. 

The BMI of hyperlipidaemics was significantly (P<0.01) higher (26.3 kg.m-2) than 

that of normolipidaemics (23.5 kg.m-2). The present study, which takes the BMI as 

the primary variable, will explore whether such relationships exist between the 

BMI and the glycaemic status as well as the lipid status. 

 

Jayawardana and Athukorala (42) studied the lipid status in relation to the BMI in 

16 healthy volunteers and 30 patients with a clinical history of coronary heart 

disease. The study revealed that the BMI was similar in the patients and healthy 

volunteers and proposed that overweight was not a major contributory factor in 
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the aetiology of coronary heart disease, contradicting the findings of numerous 

studies from the developed countries that categorically recognised obesity as a 

contributory factor for hyperlipidaemia and coronary heart disease (5). There is 

some doubt about the association of dyslipidaemia with overweight in Sri Lanka as 

is elsewhere (42). It stands to reason to associate obesity with dyslipidaemia in Sri 

Lanka rather differently from that in Western countries. The Sri Lankan diet 

contains basically plant fat (principally coconut fat), which provides a substantial 

part of the lipid requirement, whereas the Western diet contains more animal fat 

(42). These aspects, obesity related dyslipidaemia and hypertension will be studied 

and clarified in the present study. 

 

2.9. Blood pressure and BMI 

 

In the epidemiological study of Kuch and Macarz (43) in a population of men (n= 

2123) aged 35 to 64 years, BMI was used to demarcate non-obese subjects from 

obese subjects. Blood pressure determinations in these subjects revealed that, 

masking the effects of BMI, the incidence of hypertension rose with age. Both, 

borderline hypertension and stable hypertension were significantly higher in the 

obese subjects in comparison with non-obese subjects. This study, whilst revealing 

that obesity was a predisposing factor to hypertension, also showed that not all 

obese were hypertensives. Perhaps, as much as the chronological age of the 

individual, the duration and the degree of obesity are factors that have to be 

considered, particularly when blood pressure related population studies are 

planned. 

 

Schottle in 1990 assessed the effect of weight reduction on blood pressure in 301 

obese patients and found that weight reduction was associated with a significant 

reduction in both systolic and diastolic blood pressure (44). Lakka et al. in a study 

with Finnish subjects (n=1423) of ages 42 - 60 years, with a follow up for 10.6 
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years, came to the conclusion that the BMI, WC and WHR were directly 

associated with the risk of coronary heart disease (45). Further, it became evident 

that the abdominal obesity indicated by WC and WHR was independent risk 

factors for coronary heart disease and these two anthropometric parameters were 

more important than BMI which determines general obesity. 

 

2.10. Dyslipidaemias in obesity 

 

Shaper in 1977, in a cohort study in the UK involving 7735 men aged 40 - 59 years, 

followed up for 14.8 years, found that TC increased steadily with increasing BMI, 

whereas the HDL-C decreased with increasing BMI (46). Oleinik studied lipids in 

obesity in 1993 and found that the concentration of TAG and VLDL-C were 

distinctly higher in obese patients (47). Abdul Rahim et al., studying certain 

selected comorbidities in an urban Palestinian population found that obesity and 

central obesity were strongly associated with low HDL-C and increased serum 

TAG (12). 

 

The findings of Pais and Pogue in a case-control study involving Indian patients 

with myocardial infarction and age and sex matched controls revealed that there 

were no significant differences in lipid levels (lipid profile) in the two groups (30). 

Patients and controls had similar BMI values, 22.8 kg.m-2and 22.6 kg.m-2, 

respectively. Mendis and Ekanayake based on the findings of a cross sectional 

study related to coronary heart disease in the Central Province of Sri Lanka came 

to the conclusion that, overweight and obesity and hypercholesterolaemia were 

more prevalent among subjects living in an urban rather than a rural environment 

(48). 

 

In addition to the above studies relating serum lipids to BMI, serum lipids had 

further been studied in relation to the WC (Solati et al, 49). Elevated serum TC, 



 39 

 

TAG, LDL-C with lowered HDL-C was found in subjects with a waist 

circumference  9.5 cm. 

 

2.11. Hyperglycaemia and body mass index 

 

Healthy populations harbour health risk factors, silently. Health surveys carried 

out in many countries disclosed the fact that apparently healthy adult populations 

had, but, clandestine abnormalities, which may precipitate illness later in life. The 

study of Mendis and Ekanayake (48) on Sri Lankans revealed that overweight 

(BMI > 24 kg.m-2) subjects had hyperglycaemia to the extent of 5.8%. 

Jayawardena’s study indicated that in the preobese and obese hyperglycaemia was 

present to a higher extent unknown to the subjects, (8). 

 

2.12. BMI and WHR cut-off values 

 

The appropriate BMI and WHR cut-off values had been arrived at by verification. 

Lee and Critchley and others (50) studying in Hong Kong Chinese healthy subjects 

and patients with at least one comorbid factor (recruited from the Prince of Wales 

Hospital in Hong Kong) obtained the mean BMI as 22.4 kg.m-2 in healthy subjects 

and 25.7 kg.m-2 in patients. The mean WC of healthy subject were 77.1 cm in males 

and 71.0 cm in females, and that in the patients were 86.4 cm in males and 81.8 cm 

in females. In this study low BMI and WC cut-off levels were used to define obesity 

(BMI  25 and WC  85 cm in males and  75 cm in females). There were 

associations between obesity and the severity of cardiovascular risk and also the 

prevalence of comorbidities. This study used lower BMI and WC cut-off levels to 

define obesity and its associated health risks, rather than using the cut-off levels 

adopted from Caucasians who generally have larger body frames. In the light of 

the above findings, it is debatable whether the BMI and WHR cut-off points 

recommended for the world population can be applied to Sri Lankans. 
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Most of the above studies done in other countries showed that BMI and WHR, 

when excessively high, stood to be potent cardiovascular risk factors. The study of 

Wijewardena et al (7) in a national survey in Sri Lanka showed that the WHR > 

1.0 was the most significant risk factor for hypertension and diabetes. 

 

2.13. Prevention and management of overweight and obesity 

 

Theoretically weight reduction sounds simple and straightforward. But practically 

it is difficult to reduce weight once overweight has set in. Therefore, prevention of 

overweight is the best approach. In the adult life, maintaining a BMI register of an 

individual by the family physician will help to detect undue weight gain and this 

may make it possible to take preventive measures. If weight gain goes out of hand, 

reduction of weight could be achieved by the following measures as appropriate 

(5): Dietary control, physical exercise, drug therapy and surgery. 

 

2.13.1. Dietary control 

 

Most popular books on dietetics advocate low carbohydrate - high protein diets in 

the diet therapy of obese (51, 52). But the drawback of high protein diet, apart 

from the expense is, the need to restrict many staple foods that are relatively 

inexpensive. Advocating high fibre high protein foods may be a better option with 

long-term compliance. The only evidence-based recommendation (National 

Institute of Health, USA) on body weight control refers to lowering of the amount 

of fat in the diet. Fat restriction is often advocated in body weight control. Many 

nutritionists and healthcare professionals advocate the adoption of low-fat diets to 

achieve successful weight maintenance and also weight reduction at lower 

overweight ranges. It has been shown that a low fat diet alone results in a 

significant weight loss (53, 54). 
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The basics of diet therapy in obesity are straightforward. To lose weight, there 

must be an energy deficit such that the energy intake is lower than the energy 

expenditure. In affluent societies, in which there is an abundant supply of 

palatable high-caloric foods, it may be difficult for individuals to limit caloric 

intake consistently to a level necessary for weight reduction. Individuals may be 

willing to sacrifice their favourite food or to cope with hunger, but only for a short 

period of time. Though weight-reduction diets achieve some amount of weight loss, 

it cannot be sustained over long-term (55). 

 

2.13.2. Physical exercise 

 

Indulgence in physical activity is important in maintaining and reducing body 

weight. Regular physical exercise retards weight gain that often accompanies 

aging. Dipietro et al examined the effect of physical exercise on weight control in 

4599 men and 7024 women during 1970-1994 and found that exercise significantly 

reduced weight gain in both men and women (56). 

 

Regular moderate physical exercise is more useful in reducing body weight than 

occasional severe exercise. Adaptation to moderate regular exercise brings about 

the development of an increased capacity to oxidise fat rather than carbohydrate. 

These differences become substantial when the exercise is maintained over a longer 

period. Physically trained individuals metabolise more fat at given levels of energy 

expenditure than the untrained. It has been shown that the rate of fat oxidation in 

unfit individuals increase by approximately 20% after a twelve-week fitness 

training programme (57). 

 

Extensive physical exercise is necessary to burn out excess dietary energy. For 

example, a pamphlet used in the Helsinki Heart Study (58) revealed that jogging 

consumes only 10 kcal a minute in women and 15 kcal in men. So, in order to burn 
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out the energy of 100 grams of fried chips 550 kcal, women would have to jog for 

55 minutes and man for 37 minutes. However, benefits of physical exercise are not 

only shedding of calories but also, development of musculature and maintaining 

cardiac fitness. Muscle utilises more energy than the adipose tissue, and muscular 

exercise via caloric expenditure will help in maintaining body weight by burning 

surfeit fat (57). 

 

From the foregoing discussion it is evident that regular physical activity will help 

to reduce body weight. Exercise is basically divided in to two types, the isotonic 

and isometric. For example, swimming, brisk walking and cycling are isotonic 

exercises. These help to burn out excess fat, whilst ensuring cardiac fitness. 

Isometric exercises demand increased muscles power for a limited time period. 

These are strength-training exercises such as weightlifting. Isometric exercises help 

to build the muscle mass in the body, resulting in a reduction of the fat mass. The 

amount of cardiac work is less in isometric exercise, compared to isotonic exercise. 

When the body muscle mass is increased more energy is utilised at the expense of 

body fat store. Both isotonic and isometric exercises ensure maintenance of 

desirable body weight. (5). 

 

Physical activity level (PAL) is an easily understood interpretation of daily energy 

expenditure expressed as a multiple of the basal metabolism rate (BMR). PAL 

computed for the lifestyles, sedentary, limited activity and physically active are 

1.40, 1.55 – 1.60 and  1.75, respectively (5). It is stated that a PAL  1.75 must be 

maintained throughout life in order to avoid overweight and PAL can be increased 

from a lower level (say limited activity) to a higher level (say physically active 

lifestyle) by including physically active keep-fit exercises for requisite time 

durations (5). 
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2.13.3. Drug therapy 

 

Obesity often requires long-term treatment to promote a weight loss and sustain it. 

As in other chronic conditions such as diabetes or hypertension, long-term use of 

prescription medications is the remedial measure for some individuals. Though 

adverse effects of prescription medications for obesity are mild, occasionally 

serious complications have been reported. Valvular heart disease was reported 

with certain appetite-suppressant medications. As a result of such reports, 

manufacturers had to withdraw two medications, Fenfluramine (Pondimin) and 

Dexfenfluramine (Redux) from the market (59). However, Sibutramine and 

Orlistat are the only weight reduction medications approved for long-term use in 

significantly obese patients. But, the safety and effectiveness of these two drugs had 

not been established for use beyond 1 year (59). 

 

Sibutramine is an "appetite-suppressant". Appetite-suppressant medications 

promote weight loss by decreasing appetite or increasing the feeling of being ‘full’. 

These medications decrease appetite by increasing serotonin or catecholamine, two 

chemicals acting at the brain affecting mood and appetite [60]. Orlistat is a 

reversible pancreatic lipase inhibitor that blocks the absorption, on an average 

about 30% of ingested dietary fat. Pooled data from five clinical trials indicated an 

overall mean weight loss in patients treated with Orlistat after one year was 6.1 kg 

as opposed to 2.6 kg in patients treated with a placebo (61). 

 

A study on Sibutramine showed a weight loss of 3 kg to 5 kg with 10 mg and 4 kg - 

6 kg with 15 mg of Sibutramine compared with 2 kg with a placebo (62). However, 

Sibutramine had dose-related adverse effects on blood pressure and heart rate 

(62). Another study evaluated Sibutramine after four weeks on a very-low-calorie 

diet. Here the subjects lost more than 7 kg. Weight loss after one year in subjects 

who look 10 mg/d of Sibutramine was 12.9 kg compared with 6.9 kg with a 
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placebo. In this and other studies, weight loss due to Sibutramine treatment 

reached a plateau after 6 months. Other studies using Sibutramine have been 

conducted in patients with hypertension, type-II diabetes and dyslipidaemia, with 

the preliminary data showing improvement in diabetes mellitus and dyslipidaemia, 

but not hypertension (62). 

 

2.13.4. Surgical treatment of obesity 

 

Surgery has been used to remove excess fat from the breast and abdomen. Gastric 

surgery is now considered to be the most effective way of reducing weight and also 

maintaining weight loss in the severely obese (BMI > 35 kg.m-2) and in the morbid 

obese (BMI > 40 kg.m-2) (63). 

 

A variety of different surgical methods had been developed for the treatment of 

obesity. Laparoscopically adjustable gastric banding is considered to be less 

invasive, safe and effective than most of other forms of gastric surgery. Dixon and 

O’Brien found that after one year of laparoscopically adjustable gastric banding, 

BMI decreased from 48.2 ± 8 kg.m-2 to 38.7 ± 6 kg.m-2 (p<0.001). Also, a significant 

decrease was seen in the concentration of fasting blood glucose (p<0.001) and 

increases in fasting plasma insulin together with plasma C-peptide (p<0.001) (63). 

 

2.13.5. Other methods of treatment of obesity 

 

Some herbal medicines have been used in obesity treatment. Some preparations of 

plants containing capsaicin have been shown to increase energy expenditure by 

increasing thermogenesis (64). Acupuncture, Yoga and hypnotherapy too have 

been used to treat obesity (65). 
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CHAPTER 4 

RESULTS 

 

4.1. The study population 

 

The study population, for this research study on obesity was drawn from an urban 

residential area, ‘Wattegedara Gramaseva Division’, closer to the city of Colombo. In 

the year in which the study commenced, the population eligible for the study, adults 

between the ages 20 to 70 years, were 3700. Although all these persons were invited 

for the study, calling at their residence, only 1620 (~44%) people agreed to 

participate. These 1620 subjects were screened subsequently at the researcher’s 

Family Practice Centre and those who had undesirable characteristics that would 

affect the study parameters were excluded, leaving a sample of 1241 (1241/1620 = 

77%). As the study of biochemical parameters, in this large sample is unmanageable, 

a smaller representative sample was drawn from the 1241, by random selection. The 

final sample, i.e. the study subjects, comprised of 414. The majority of the study 

subjects were the race Sinhala (n = 399, 96.3%) the rest were Tamils (n = 4, 1.0%), 

Moors (n = 9, 2.1%) and Burghers (n = 2, 0.5%). 

 

The aspects, age, sex, marital status, education, employment, income and nutritional, 

of the 414 study subjects are presented below. 

 

4.1.1. Age distribution 

 

The age range of the study subjects (n = 414) was >20 to <70 years, with a mean age of 

39.66 ± 11.02 years. The study subjects were separated under 10-year age groups, 

within the ages 20 years to 70 years. The number (and as a percentage) of subjects in 

each age group was determined. The results thus obtained are presented in table 4.1. 
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Table 4.1. Age distribution of the study group (n = 414). 

                                   Study Subject (n=414) 

Age (years) range Number per age group 

(n)            (percentage) 

 

20 - 29 

 

100                 24.2 

30 - 39 120                 29.0 

40 - 49 116                 28.0 

50 - 59   68                 16.4 

60 - 70   10                   2.4 

 

 

From the age distribution of the study group shown in Table 4.1.2, it was evident that 

the overall sample was well represented by age groups, 20 – 29 years (24.2%), 30 – 39 

years (29.0%) and 40 – 49 years (28.0%). However, the age group 50 – 59 years was 

less well represented (16.4%) and the elderly i.e. 60 – 70 years were far few in number 

(2.4%). It is noteworthy, that 304 persons (73%) between the ages 30 – 59 years who 

should have periodic health checks, and for which group there is a paucity of 

information on overweight (i.e. preobese and obese) and overweight-related 

comorbidities, attended this study. 

 

4.1.2. Sex distribution 

 

Next, the study group (n = 414) analysed gender-wise revealed that the male study 

subjects were 177 (42.8%) and the female study subjects were 237 (57.2%). The mean 

age of males was 37.9 ± 11.0 years and that in females was 40.9 ± 10.9 years. 

The marital status of the study group was as follows; married 337 (81.4%), 

unattached 75 (18.1%) widowed 2 (0.5%). 
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4.1.3. Educational status of the study subjects 

 

Analysis of information on the educational status of the study subjects revealed the 

results presented in table 4.2 and figure 4.1. 

 

Table 4.2. Educational status of the study population (n = 414). 

Level of education     Subjects  

Number 

Subjects 

percentage 

None (no schooling) 3 0.7 

Nursery / Preschool 7 1.7 

Grade I to VIII 37 8.9 

Up to ‘OL’ 173 41.8 

Up to ‘AL’ 134 32.4 

Undergraduate 11 2.7 

Graduate 39 9.4 

Postgraduate  4 1.0 

Professional 

qualification 

6 1.4 

 

Nearly 89% of subjects have had education beyond Grade VIII. The educational 

standing of the subjects appeared adequate to understand the significance of the 

lifestyle and nutrition towards health. Subjects with such a educational status would 

be able to understand adverse implications of overweight in terms of related 

comorbidities and also preventive measures explained in lay terms. 

 

4.1.4. Occupational status of the study subjects 

 

The occupations of study subjects (n = 414) were analysed and categorised into 

employment subgroups. The number of study subjects of each employment category 

with appropriate percentages is shown in figure 4.1. 
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Of the study subjects, 26 (6.3%) were reluctant to disclose their employment. As seen 

in the figure 4.1, nearly a third (n = 125, 30.2%) of the 414 study subjects performed 

household activities. These subjects and a further 191 subjects (business minor, junior 

executive / clerk, administrative / professional, business major) constituted 

occupationally, probably, a ‘limited physical activity’ group. The other study subjects, 

namely, those in the skilled labour, manual labour and student categories constituted 

a ‘physically active’ group occupation-wise. The unemployed and the pensioners, 

constituted a ‘sedentary’ physical activity group. These presumptions however, will be 

verified objectively by determining their physical activity levels subsequently. 

 

4.1.5. Income levels of study subjects 

The monthly income of study subjects were obtained and categorised into the income 

 

groups as shown in table 4.3. 
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Figure 4.1. Distribution of subjects (n = 414) by occupation. 
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Table.4.3. Study population distribution by monthly income (n = 414). 

Income 

(rupees per month) 

Number of subjects 

n      (%) 

 

<5000 

 

81    (19.6) 

>5000 – 10,000 154   (37.2) 

>10,000 – 20,000 100   (24.2) 

>20,000 50    (12.1) 

Not known 29      (7.0) 

 

Of the 414 study subjects, 29 (7%) were reluctant to disclose the income. Some of 

them (n = 7) had rather unsteady incomes. And, with the subjects who disclosed the 

income, the individual income of unmarried persons or the family income of the 

others was obtained. Accordingly, 73.5% had a monthly income above Rs 5000. It is 

unimaginable, in the light of ever increasing cost of living, how these incomes would 

have a purchasing power to procure high quality energy dense foods that can promote 

overweight. 

 

Despite limitations of income, nearly 94% subjects consumed foods of animal origin, 

though costly, with their staple diet of rice and curry. However, foods of animal origin 

were not consumed daily or regularly. Most of the remaining subjects (5.3%) were 

basically vegetarians on a staple diet of rice and vegetable curry. It is likely that the 

dietary practices per se of this study population may not be a prime cause of 

overweight. 

 

4.2. Anthropometric measurements 
 

4.2.1. Body mass index (BMI) 
 

The body mass index was the principal or basal parameter studied in this research 
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 n =   33           169            152        60     

% =    8            40.8            36.7            14.5 

169
152

60

33

 <18.5     18.5 - 24.99   25 – 29.99     30 

BMI (kg.m-2) category 

Figure 4.2. BMI distribution in the study population (n = 414). 

study. The BMI was the basal parameter to which other parameters, i.e. 

anthropometric, physiological and biochemical, were related. 

 

The BMI, mean ± SD, of the overall study population was 25.21 ± 4.67 kg.m-2, with a 

range, minimum to maximum, 14.1 – 42.4 kg.m-2. The BMI values of the study 

subjects were analysed according to the criteria laid down by the WHO (5) and the 

number of subjects belonging the four BMI subgroups are presented graphically in 

figure 4.2. 

 

 

 

 

 

 

 

 

 

Analysis of BMI values revealed that 60 (14.5%) subjects with a BMI 30 kg.m-2 were 

obese, and 152 (36.7%) subjects were preobese (BMI 25 – 29.99 kg.m-2). Accordingly, 

212 (51.2%) subjects were overweight. A desirable BMI (BMI 18.5 – 24.99 kg.m-2) 

was maintained by 169 (40.8%) subjects. Underweight was seen in 33 (8%) of 

subjects. The overall BMI distribution of the study population showed a shift more 

towards the right i.e. towards overweight. 
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4.2.2. BMI distribution in relation to gender 

 

BMI values of the study subjects were separated gender-wise. Subsequently, the 

number of males and the number of females within each BMI category (<18.5, 18.5 –  

24.99, 25 – 29.99, >30 (kg.m-2) were determined. These findings are shown in figure 

4.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This analysis showed that 7.4% among male subjects and 20.0% among females 

subjects had BMI values >30 kg.m-2 indicating that they were obese. The preobese 

category comprised of 37.5% of males and 36.6% of females. Desirable BMI (18.5 – 

24.99 kg.m-2) was maintained by 45.5% of males and 36.6% females. The percentage 

underweight was 9.7% among males and 6.8% among females. 

 

These findings on gender related BMI indicated that obesity was overwhelmingly 

higher in the female study subjects (20%) relative to that in the male subjects (7.4%). 

However, preobesity in male and female subjects was nearly identical, being 37.5% 

and 36.6%, respectively. Of course, one could expect the pattern of preobesity to 

<18.5       18.5 - 24.99   25 – 29.99       >30 

 Male (n)   17          80     66          13 

         (%)    9.7         45.5     37.5          7.4 

   

Female (n)       16     86          86         47 

            (%)        6.8  36.6          36.6       20.0 

BMI (kg.m-2) category 

Figure 4.3. BMI distribution by gender. 
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parallel the pattern of obesity, following a trend. Paradoxically, it was not what the 

study revealed. This preobese group could become an enormous obese group with 

time, unless the transition is kept under check. 

 

A higher percentage of male study subjects (45.5%) than the female subjects (36.6%) 

maintained a desirable BMI. However, they would benefit from periodic health checks 

to ensure the maintenance of a desirable BMI. 

 

Fewer male and also a fewer female subjects were in the underweight category, the 

figures being 9.7% and 6.8%, respectively. Though this underweight group carries a 

low risk of comorbidities, they are not exempt from undernutrition-related clinical 

ailments, hence these subjects require medical intervention of a different nature. 

 

4.2.3. BMI distribution in relation to age 

 

The mean  SD of BMI values of age categories, within 20 to 69 years, with a span of 

ten years (i.e. 20-29, 30-39, 40-49, 50-59, 50-69) were calculated. The mean BMI values 

increased, in order, in the three age categories from 20 to 49 years (22.7  4.8, 25.7  

4.1, 26.6  4.5) and then declined  (25.6   4.3, 25.2   4.7) in the 50 to 69 age categories 

(Figure 4.4). 
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Figure 4.4. The mean BMI in ten-year age groups. 
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Determination of the correlation coefficient revealed a correlation between the BMI 

and age as significant at 0.01. The 20 – 29 year age group subjects, as a group 

maintained a desirable BMI. Unlike the subjects of this age group, the subjects of the 

other four age groups had BMI values in the overweight - preobese range (25.00 – 29.9 

kg.m-2). However, as a group, neither age group had BMI values of the obese category 

(>30 kg.m-2). 

 

The BMI values of both sexes together, were computed in relation to five, ten-year-

gap age groups (i.e. 20 – 29, 30 – 39, 40 – 49, 50 – 59, 60 – 70). The graphic 

presentation (Figure 4.5) revealed that at each BMI category different percentages of 

subjects of the five age groups were present. 

 

  

 

 

 

 

 

 

 

 
The subjects (as a %) in the desirable BMI were in general prominent. The subjects in 

the preobese category were almost equally high. Also, nearly equal percentages of 

subjects in the obese and underweight categories representing all age groups were 

present in the study sample of 414 adults. 
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Figure 4.5. Distribution of BMI categories in mixed gender age groups. 

Age group 

(years) 

A  20 - 29  

B  30 - 39   

C  40 - 49     

D  50 - 59 

E  60 - 70 
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Subjects (n = 10) in the age group 60 – 70 years, showed obesity and preobesity to an 

extent of 20%, the majority (50%) maintained a desirable BMI. Quite unusually, only 

10% of the elderly were underweight. However, this age group (60 – 70 years) was 

represented by a small sample of ten subjects only. 

 

A significant percentage of subjects in the ages 30 – 59 years were preobese with a 

closer percentage maintaining a desirable BMI. A further noteworthy feature of this 

analysis was the finding that subjects in the fourtees harboured preobesity and 

obesity, extensively. 

 
4.2.4. Mean age of non-overweight subjects and overweight subjects 

 

The BMI values of study subjects were separated under the two broad BMI 

categories; non-overweight (<24.99 kg.m-2 i.e. desirable) and overweight ( 25 kg.m-2 

i.e. preobese + obese). And the mean ages of the study subjects falling under these 

respective BMI categories were determined. The mean age of the subjects (n = 202) of 

the BMI category <24.99 kg.m-2 was 37.5  11.7 years. The mean age of the subjects 

(n = 212) of the BMI category  25 kg.m-2 was 41.7  9.9 years. The mean age of non-

overweight and overweight subject was within a close range. 

 

4.2.5. BMI in relation to gender and age together 

 

The number (and as a percentage) of overweight subjects (BMI >25 kg.m-2), male and 

female gender (separately), belonging to ten-year age groups, from 20 to 59 years was 

determined. The findings are presented in figure 4.6. In all 10-year age groups 

overweight was present in both the genders.  
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The percentage of male overweight subjects was somewhat uniform in the different 

age groups, varying from 32% to 42%, and with a mean of about 38% out of 100 

males being overweight. 

 

The percentage of female overweight subjects was also somewhat homogeneous across 

the different age groups, varying between 59% - 68%, and with a mean of 61 out 100 

females being overweight. In the 40 – 59 year age groups, female to male ratio of 

overweight was 1.6:1.0. 

 

The gender comparison of overweight showed that in all age groups, 20 – 29, 30 – 39, 

40 – 49, 50 –59 years, female overweight was >18% higher than that in the male. 

Thus, female subjects outnumbered male subjects in overweight. Further, female 

subjects were seen to have the highest percentage of overweight in the forties (40 – 49 

years), 36.2% more than males. 

 

4.2.6. BMI in relation to occupation 

 

The study subjects with known occupations (n = 388/414, 93.7%) were taken for the 

analysis of the BMI in relation to occupation. For simplicity, pensioners and 

unemployed were considered as one employment category, i.e. ‘unemployed’, business 
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Figure 4.6. Comparison of overweight, age-wise and gender-wise. 
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major and minor as one category ‘business’ and skilled labour and manual labour as 

‘labour’. Subjects of each occupational category were grouped under the BMI 

categories, non-overweight (<24.99 kg.m-2) and overweight (>25.00 kg.m-2). The non-

overweight subjects and overweight subjects expressed as a percentage for each 

occupational category are shown in figure 4.7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Over thirty four percent of subjects engaged in household activities showed a 

desirable BMI (<24.99 kg.m-2) with the majority (65.6%) being overweight (>25.00 

kg.m-2). The unemployed and the businessmen were overweight almost identically 

(58.3% and 55.7% respectively). Nearly 53% of subjects in administrative / 

professional lifestyles were overweight. The overweight in junior executives / clerks 

and labourers were nearly identical (38% and 35%). The students, few in number (n 

= 8), and younger in age, were the group that maintained the highest percentage of 

desirable BMI (87.5%) in comparison with all other employment categories. 
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All occupational categories had varying percentages of overweight subjects, whose 

BMI was >25.00 kg.m-2. Overweight appears to relate to, presumably, the physical 

activity level (PAL) associated with each occupational category. Subjects whose 

occupational activities entail less physical activity (eg. household chores, business, 

administrative and also unemployment) tended to be overweight. The finding here, 

that overweight is lesser in junior executives / clerks and manual labourers, who are 

physically active in discharging occupational activities, doubly reinforce that 

occupation has an influence on the BMI. 

 

With each occupational category, associated is a physical activity level (PAL). 

Though the PAL associated with occupational lifestyle is not the sole determinant of  

the BMI, the influence of the occupational life style on the BMI cannot be 

overlooked. Based on the results obtained in this study, it must be reiterated that 

subjects whose occupational activities commensurate with low physical activity are 

predisposed to overweight. 

 

4.2.7. BMI in relation to monthly income 

 

In a sample of 385 subjects (385/414, ~93%), BMI was grouped under monthly 

income categories, <Rs. 5000, Rs. 5000 to Rs. 10,000, >Rs. 10,000 to Rs.20,000 and 

>Rs 20,000. The mean and standard deviation of BMI under each monthly income 

category was calculated. The results are displayed in the table 4.4. 

 

The mean BMI increased, income level-wise, from the lower to the higher income 

group. The mean BMI of the 81 subjects at the monthly income of <Rs. 5000/= was 

24.2 kg.m-2. 
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Monthly income 

(rupees) 

Number of subjects 

(n') 

BMI 

Mean ± SD 

<5000          81 24.2     5.56 

5000 – 10,000        154 25.1     4.63 

>10,000 – 20,000        100 25.7     4.51 

> 20000          50 26.2     4.67 

 

It was interesting to note that despite a very low monthly income, these subjects 

were able to remain within the desirable BMI range (18.5 – 24.99 kg.m-2). The other 

three income groups had overweight BMI values (25.00 kg.m-2). These BMI values 

were within 25.00 – 29.99 kg.m-2, hence the subjects drawing a monthly income  

Rs. 5000/= were preobese, but not obese (>30.00 kg.m-2). 

The results revealed that the monthly income had an influencing effect on the BMI. 

 

4.2.8. Overweight and desirable BMI in income categories 

 

Subjects in the four income categories were segregated BMI-wise demarcated by 

BMI cut-off values < 24.99 kg.m-2 and > 25.00 kg.m-2. The number of subjects of 

each income category falling into the two BMI groups was expressed as a 

percentage. The results of this analysis are presented in the figure 4.8. 

 

Forty two percent of subjects (n'= 81) in the < Rs. 5000/= per month category were 

overweight (BMI > 25.00 kg.m-2). This is despite a mean BMI of 24.2 kg.m-2 emerged 

in the previous analysis (Table 4.4). The other three income groups had an 

overweight of 53% to 58%. It is apparent that the BMI and income level had an 

Table 4.4. Body mass index relative to monthly income (n = 385). 
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Figure 4.8. Distribution of desirable BMI and overweight 

 in income categories (n = 385). 

association. The prevalence of overweight showed a stepwise increase with 

increments of income. 

 

 

 

 

 

 

 

 

 

 

4.3. Waist to hip circumference ratio (WHR) 

 

The measurements, waist circumference (cm) and hip circumference (cm), of the 

414 study subjects were obtained. The waist circumference was divided by the hip 

circumference to obtain the subject’s WHR. The range of the WHR remained 

between a minimum of 0.48 and a maximum of 1.13. The WHR for the study group 

(n=414) was 0.91  0.08, median 0.92 (SEM  0.04) with the male and the female 

having 0.95  0.07and 0.88  0 09, respectively. The number and percentage of 

subjects in the arbitrary WHR categories < 0.79, 0.8 – 0.89, 0.9 – 0.99 and >1.0 were 

determined. The findings are presented in the table 4.5. 

 

WHR, an indicator of abdominal fat accumulation, clearly identified 39 subjects 

(9.4%) with a WHR < 0.79. These individuals, disregarding the gender, were likely  
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Table 4.6. WHR distribution gender-wise. 

 

 

WHR Subjects 

n     Percentage 

 

< 0.79 

 

39                      9.4 

0.8 – 0.89 138                  33.3 

0.9 – 0.99 164                   39.6 

>1.0 73                     17.6 

 

To carry minimal comorbidities associated with abdominal fatness. At the other end 

of the WHR spectrum, 73 subjects (17.6%) had a WHR > 1.0. These individuals, 

regardless of the gender, would embrace comorbidities owing to undesirable 

abdominal fat accumulation or truncal obesity. 

 

Next, the WHR categories were determined gender-wise. The subjects, gender-wise 

were grouped under the WHR categories < 0.79, 0.8 – 0.89, 0.9 – 0.99 and >1.0. The 

number and percentage of subjects in the gender, under the WHR categories are 

shown in table 4.6. 

 

 

WHR    Male (n=127) 

 n            Percentage 

   Female (n=214) 

n               Percentage 

 

< 0.79 

 

  5                     2.8 

 

34                   14.3 

0.8 – 0.89 40                   22.6 98                   41.4 

0.9 – 0.99 82                   46.3 82                   34.6 

>1.0 50                   28.2 23                     9.7 

 

Table 4.5. Distribution of WHR in the study population (n = 414) 
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Male subjects, 127 (71.7%) had WHR values below 1.0. And 50 subjects (28.2%) 

had a WHR >1.0. And, of the 214 female subjects, (90.3%) had WHR values below 

1.0 and 23 (9.7%) subjects had a WHR >1.0. Of the female subjects, 203 (85.7%) 

had a WHR > 0.8. 

 

4.3.1. Application of authentic waist to hip ratio cut-off values 

 

The waist to hip ratio cut-off values applicable to male and female differ. These 

being, 1.0 for the male, and 0.85 for the female according to the World Health 

Organization guidelines (5). However, for Asian populations, cut-off values, 0.88 for 

the male and 0.85 for the female, have emerged (11). 

 

Using the above cut-off values for the WHR, the number of study subjects belonging 

to separate categories (i.e. desirable and undesirable WHR) was determined. 

Accordingly, the number of subjects with a desirable WHR and that for the subjects 

with an undesirable waist to hip ratio emerged. 

 

At first, the WHO recommended WHR cut point (1.0) was applied to the male study 

subjects. These results of this analysis are shown in table 4.7. 

 

 

Males-Waist to hip ratio 

category 

        Subjects (n=177) 

  n                 Percentage 

1.0  127    71.8 

1.0    50    28.2 

 

Accordingly, 127 subjects (71.8%) had a desirable WHR (1.0) and 50 subjects 

(28.2%) had an undesirable WHR (1.0). 

Table 4.7. Distribution of desirable / undesirable WHR – males. 
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Next, the male population was analysed using the WHR cut-off values recommended 

for Asians (0.88). The number and percentage of subjects in the desirable (<0.88) 

and the undesirable (0.88) WHR categories are shown in table 4.8. 

 

 

Males-Waist to hip ratio 

category 

     Subjects (n=177) 

   n                  Percentage 

0.88   40 22.6 

0.88 137 77.4 

 

Accordingly 40 subjects (22.6%) had a desirable WHR (0.88) and 137 subjects 

(77.4%) had an undesirable WHR (0.88). 

 

According to the WHO recommended cut-off point (1.0), the ratio between the 

number of subjects with desirable to undesirable WHR was found to be 2.54:1. And, 

according to the cut-off point recommended for Asian populations (0.88), the ratio 

between the number of subjects with desirable to undesirable WHR was 0.29:1.0. 

Thus an enormous disparity was seen in the occurrence of desirable to undesirable 

WHR in the study population with the two recommended cut-off values. 

 

As for the female, there is only one WHR cut-off point (0.85) partitioning the 

desirable and undesirable WHR. When this cut-off point was applied to the female 

study population, it became apparent (Table4.9) that 87 subjects (36.7%) were in 

the desirable WHR category, whilst 150 subjects (63.3%) were in the undesirable 

WHR category. Further, the ratio between the number of subjects with desirable to 

undesirable WHR was found to be 0.58:1.0. 

Table 4.8. Distribution of desirable / undesirable WHR in males 

using the Asian cut-off values. 
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Females-WHR category      Subjects (n=237) 

     n            Percentage 

0.85     87 36.7 

0.85   150 63.3 

 

The forthcoming sections of this thesis will use the WHR cut-off values 

recommended by the World Health Organization and also the cut-off values 

recommended for the Asian male population in assessing aspects such as the blood 

pressure, glycaemic status and lipid status in relation to the waist to hip ratio. 

 

It is hoped that this study will be able to shed light on the appropriateness of the 

above WHR cut-off values with regards to the Sri Lankan male gender. The 

guideline in arriving at the most appropriate and relevant WHR cut-off point would 

be determined by the degree of association of WHR with BMI and the degree to 

which the incidence of comorbidities (such as latent hypertension, latent 

hyperglycaemia and latent hyperlipidaemia) would prevail in the desirable and the 

undesirable WHR categories in an apparently healthy population such as the study 

population of this study. 

 

4.3.2. Influence of the age on the waist to hip ratio 

 

Age-wise variation of the WHR was studied by determining the mean WHR 

separately of subjects (mixed gender) in age categories, 20 – 29, 30 – 39, 40 – 49, 50 – 

59, 60 – 69 years. The mean ± SD of the WHR for the respective age categories were 

0.86 ± 0.08, 0.91 ± 0.08, 0.93 ± 0.09, 0.94 ± 0.08 and 0.96 ± 0.04. The findings 

Table 4.9. Distribution of desirable / undesirable WHR in females (n=237). 
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categorically elucidated a steady increase of the WHR with advancing age (Figure 

4.9), with a correlation significant at p=0.01. 

 

 

 

 

 

 

 

 

 

4.3.3. Influence of occupation on the waist to hip ratio 

 

WHR was analysed with respect to the occupations. The occupation categories were 

student, manual labourer, junior executive / clerk, housewife, skilled labourer, 

business minor, administrator / professional, business major, pensioner and 

unemployed (Figure 4.10). 

 

 

 

 

 

 

 

 

0.8798

0.856

0.816

1.104

0.903

0.904

0.911

0.931

0.951

0.955

0.80

0

0.85

0

0.90

0

0.95

0

1.00

0

1.05

0

1.10

0

Student

Manual labour

Junior executive / clerk

Household activities

Unemployed

Skilled labour

Business minor

Administrative /

Business major

Pensioner 1.104 
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As seen in figure 4.10 the employment categories had increasing WHR of 0.82, 0.86, 

0.88, 0.90 for the student, manual labourer, junior executive and housewife, 

respectively. 

 

The WHR of skilled labour (0.91), higher than that of the above employment 

categories, was lower than those of the business minor (0.93), administrator / 

professional (0.95), business major (0.96), and pensioner (1.10). The unemployed 

had a WHR of 0.90. 

 

Each one of the above employment categories, in fact, has a distinct daily energy 

expenditure associated with the level of physical activity. Physical activity, hence 

energy expenditure, had an inverse relationship with the WHR. Thus, as seen from 

the above findings (allowing for parity in age) the pensioner who was relatively 

physically less active, had a higher value for WHR (1.10) than the administrator 

(0.95) who was relatively more active. 

 

4.3.4. WHR in occupation categories - gender wise 

 

Subjects in occupation categories were separated gender-wise. The male subjects of 

each occupation category were grouped under WHR, <0.90 (desirable) and 0.90 

(undesirable). The number and percentage of male subjects under respective 

occupation category and the WHR grouping is shown in table 4.11. 

 

The WHR data on male occupation categories  (Table 4.10) revealed that the male 

pensioners (n = 5, 100%) had WHR 0.9 indicating undesirable abdominal fat 

accumulation. This was presumably due to ageing and more so due to sedentary life 

style. 
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Table 4.10. Waist to hip ratio in occupation categories – male (172). 

 

Occupation Waist to hip ratio 

 n' Mean SD 

Full time student   3 0.88 0.01 

Junior executive / clerk 33 0.91 0.08 

Skilled labour 37 0.93 0.08 

Business minor 44 0.95 0.07 

Manual labour   3 0.95 0.02 

Unemployed   1 0.96 0.00 

Administrative / professional 38 0.98 0.05 

Business major   8 0.98 0.08 

Pensioner    5 1.01 0.05 

 

The administrative / professional and business major occupational groups showed 

abdominal obesity. This could be attributed to sedentary life style coupled to 

affluence. Business minor, skilled labour and junior executive category showed a 

prevalence of abdominal obesity > 60% (61% to 63%) in each group. Paradoxically, 

the manual labour (n = 3) showed a 100% prevalence of truncal obesity. 

 

The difference in the waist to hip ratio with different occupational categories was 

statistically significant (ANOVA F = 4.05, p =0.01). Therefore, it is reasonable to come 

to the conclusion that occupational activity has an influence on the WHR. The mean  

SD of the WHR was determined in female subjects (n = 237), in each occupation 

category. The result of this analysis is shown in table 4.11. 

 

It was evident from the results in table 4.11 that the mean WHR in female subjects (n 

= 237) was lower in the occupations with high physical activity e.g. manual labour 

(0.71), than that in the occupations with low physical activity e.g. home duties (0.90). 
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Table 4.11. Waist to hip ratio in occupation categories – female (n = 237). 

 

Occupation Waist to hip ratio 

 n' Mean SD 

Manual labour   2 0.71 0.33 

Full time student   5 0.78 0.02 

Junior executive /clerk 28 0.84 0.07 

Skilled labour 10 0.85 0.07 

Administrative / professional 13 0.87 0.08 

Business minor 23 0.89 0.07 

Unemployed   6 0.90 0.08 

Business major   4 0.90 0.14 

Home duties 125 0.90 0.08 

 

A general trend was observable, where subjects in physically active occupations had a 

low WHR and those in physically less active occupations had a high WHR. This 

difference in the WHR with different occupational categories was statistically 

significant (ANOVA F=4.05, p=0.01). Therefore, it is rational to conclude that the 

occupational physical activity has an influence on the WHR in the female. 

It can be summed up that both in the male and in the female, occupation had an 

influencing effect on the WHR, presumably due to the effect of physical activity 

associated with the occupation. 

 

4.3 5. The waist to hip ratio and monthly income 

 

The WHR (mean  SD) was determined in the study subjects (n = 385) within the 

monthly income categories. The analytical findings are shown in table 4.12. The 

results in the table showed that the mean WHR increased steadily with increasing 

monthly income, with the lowest mean WHR (0.89) in the lowest monthly income 
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category (<Rs 5000/=) and the highest mean WHR (0.93) in the highest monthly 

income category (>Rs 20,000/=). The plausible causative factor for this difference is 

likely to be PAL associated with the income generating occupation and nutrition. 

 

Table. 4.12. Waist to hip ratio by monthly income (n=385). 

Monthly income 

(Rs.) 

Subjects – number 

n' 

Waist to hip ratio 

Mean  SD 

 

< 5000 

 

81 

 

0.89 

 

0.08 

>5000 – 10,000 154 0.90 0.08 

>10,000 – 20,000 100 0.92 0.09 

>20,000 50 0.93 0.07 

 

Thus, income has to be considered as a factor, together with other factors, that 

influences deposition of fat stores in the body including the abdominal fat depot. 

 

4.3.6. Comparison of the body mass index with arbitrary WHR values 

 

To determine the most suitable WHR value that closely matches with the BMI based 

data, arbitrary WHR values, <0.799, 0.8 – 0.899, 0.9 – 0.999, >1.0 were used. Of the 

414 study subjects, the number of subjects in each BMI category (<18.5, 18.5 – 24.99, 

25 – 29.99, >30) and the number of subjects in each arbitrary WHR category (<0.799, 

0.8 – 0.899, 0.9 – 0.999, >1.0) were determined. The findings are shown in figure 4.11. 

 

The number of subjects in the BMI category versus (vs) the parallel WHR category, 

respectively, was 33 vs 39, 169 vs 138, 152 vs 164, 60 vs 73. The results revealed a close 

resemblance in the number of individuals in the BMI and WHR categories. 
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Figure 4.11. Comparison of distribution of body mass index and waist-to-hip ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next, the waist-to-hip ratios of subjects within each body mass index category, <18.5, 

20 – 24.99, 25 – 29.99 and >30 kg.m-2 were gathered and the mean WHR in each BMI 

category calculated. The findings BMI versus WHR are summarised and presented 

graphically (Figure 4.12). 

Figure 4.12. Waist to hip ratio in body mass index categories. 
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It was seen that the WHR showed a stepwise increase with the increase of BMI. When 

the overall data was evaluated statistically, a correlation between BMI and WHR 

significant at p = 0.01 was seen. 

 

4.3.7. Waist to hip ratio in BMI categories  gender-wise 

 

The mean  ( SD) of the WHR of subjects within each BMI category was determined 

in male and female gender, separately. In the male gender (n = 177) WHR in BMI 

categories is shown in table 4.13.  

 

Table. 4.13. Waist to hip ratio in body mass index groups in the male gender (n = 177). 

BMI category 

(kg.m-2) 

Subjects 

    n' (percentage) 

Waist to hip ratio 

Mean SD 

 

<18.5 

 

17        ( 9.6) 

 

0.85 

 

0.05 

18.5-<25 81       (45.8) 0.92 0.07 

>25-30 66       (37.3) 0.99 0.04 

>30 13        ( 7.3) 1.01 0.05 

 

The results in the table show that male subjects of the BMI categories <18.5, 18.5 - 

<25, 25 – 30, >30 kg.m-2 had WHR, 0.85  0.05, 0.92  0.07, 0.99  0.04 and 1.01  0.05, 

respectively. The relationship that exists between the BMI and the WHR is 

exemplified in the figure 4.13. 

Figure 4.13. Waist to hip ratio in body mass index categories in the male. 
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From the figure, it can be seen that the waist to hip ratio increased nearly linearly 

with the increase of BMI. Correlation between the BMI and WHR was significant (p = 

0.01). 

 

In the female (n = 237), WHR in the different BMI categories are shown in the table 

4.14. 

Table 4.14. Waist to hip ratio in body mass index categories in the female gender. 

BMI category 

(kg.m-2) 

Subjects 

n'  (percentage) 

Waist to hip ratio 

Mean SD 

<18.5 16                  ( 6.7) 0.77      0.06 

18.5-<25 88                 (37.2) 0.84      0.08 

>25-30 86                 (36.3) 0.92      0.08 

>30 47                 (19.8) 0.91      0.07 

 

The results in table 4.14 revealed that, female subjects of the BMI categories <18.5, 

18.5 – <25, 25 – 30, >30 kg.m-2 had WHR, 0.77  0.06, 0.84  0.08, 0.92  0.08 and 0.91 

 0.07, respectively. The relationship that exists between the BMI and the WHR is 

exemplified in the figure 4.14. It can be seen that the WHR increased linearly with the 

increase of BMI. 
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Figure 4.14. Waist to hip ratio in body mass index categories in the female. 
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Both the male and female gender consistently had higher WHR with higher BMI. 

Statistical treatment revealed a significant correlation (p = 0.01) between the WHR 

and the BMI in both sexes. 

 

In both sexes with a BMI >30 kg.m-2, an undesirable WHR was found. Higher number 

of female subjects (19.8%) had an undesirable WHR compared to male subjects 

(7.3%). 

 

4.4. Systolic and diastolic blood pressure 

 

The systolic and diastolic blood pressures of the 414 study subjects were 

determined using the procedure described in the methodology chapter. A 

systolic blood pressure of 140 mmHg and a diastolic blood pressure of 90 mmHg 

were taken as blood pressures demarcating desirable blood pressure and 

hypertension. 

4.4.1. Distribution of systolic and diastolic blood pressure in the 

study population 

 

The number of subjects (and percentage) with systolic blood pressure <140 mmHg 

and those with systolic blood pressure 140 mmHg were determined. As shown in the 

table 4.15, 374 (90.3%) subjects had a systolic blood pressure <140 mmHg and 40 

(9.7%) subjects had a systolic blood pressure 140 mmHg. 

Table 4.15. Distribution of desirable / undesirable systolic blood pressure. 

 

Systolic blood pressure  

(mmHg) 

Subjects (n=414) 

Number (n') Percentage 

<140 374 90.3 

140   40  9.7 
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The number of subjects (and percentage) with diastolic blood pressure <90 mmHg 

and those with diastolic blood pressure 90 mmHg were determined. The findings are 

shown in the table 4.16. The number (and percentage) of subjects with the diastolic 

blood pressure <90 mmHg was 349 (84.3%) and those with the diastolic blood 

pressure 90 mmHg were 65 (15.7%). 

Table 4.16. Distribution of desirable / undesirable diastolic blood pressure. 

 

Diastolic blood pressure  

(mmHg) 

Subjects (n=414) 

Number (n') Percentage 

<90 349 84.3 

90 65 15.7 

 

It was, evident that, more study subjects had diastolic hypertension (i.e.15.7%) in 

comparison with systolic hypertension (9.7%). 

 

4.4.2. Systolic and diastolic blood pressure collectively 

 
The blood pressure data was analysed taking into account both systolic and diastolic 

blood pressures to find out the number (and percentage) of subjects with desirable / 

undesirable blood pressure in the study population. The results of this analysis are 

shown in the table 4.17. 

 

   Table 4.17. Distribution of desirable / undesirable systolic + diastolic blood pressure. 

 

 

Systolic blood pressure 

(n=414) 

Diastolic blood pressure (n=414) 

90 mmHg 

      n'              (%) 

90 mmHg 

      n'             (%) 

140 mmHg 343 82.9 31 7.5 

140 mmHg        6   1.4 34 8.2 

 



 100 

Of the total study population of 414 subjects, 343 (83%) subjects had both systolic 

and diastolic blood pressures within the desirable range. And, 34 (8.2%) subjects had 

both systolic and diastolic blood pressure elevated into the hypertension range. 

Isolated diastolic hypertension (7.5%) was more prevalent than isolated systolic 

hypertension (1.4%). And, of the 40 (9.6%) subjects who had systolic hypertension, all 

but 6 (1.4%) had diastolic hypertension too. Based on the findings, it was noted that 

71 (17%) subjects of the 414 study population required medical intervention for 

hypertension. 

 

4.4.3. Systolic and diastolic blood pressure related to the body mass index 

 

The blood pressure readings of subjects (n = 414) were grouped under the respective 

BMI categories, <18.5, 18.5 – 24.99, 25. – 29.99, >30 kg.m-2. The mean and standard 

deviation of the systolic and diastolic blood pressure under each BMI category were 

calculated. The results are shown in the table 4.18. 

 

Table 4.18. The mean systolic and diastolic blood pressure in BMI categories. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mean systolic blood pressure of the BMI categories, <18.5, 18.5 – 24.99, 25. – 

29.99, >30 kg.m-2 were 103.3  12.3, 111.9  14.2, 119.9  16.3, 123.3  15.5 mmHg, 

        Blood pressure (mm. Hg) 

 BMI   

Category 

 

Subjects (n') 

       Systolic    Diastolic 

Mean  SD Mean  SD 

 

<18.5 

 

  33 

 

 103.3 

 

12.3 

 

67.4 

 

  7.6 

18.5 – 24.99 169 111.9 14.2 73.2 10.5 

25 – 29.99 152 119.1 16.3 79.1 11.1 

>30  60 123.3 15.5 83.1 13.0 
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respectively. The systolic blood pressure correlated well with the BMI, with a positive 

correlation significant at p = 0.01. 

 

The mean diastolic blood pressure of the BMI categories, <18.5, 18.5 – 24.99, 25. –

29.99, >30 kg.m-2 were 67.4  7.6, 73.2  10.5, 79.1  11.1, 83.1  13.0 mmHg, 

respectively. The diastolic blood pressure correlated well with the BMI, with a 

positive correlation significant at p=0.01. 

 

The mean systolic blood pressure of the different BMI categories did not exceed 140 

mmHg. Also, the mean diastolic blood pressure of the different BMI categories did not 

exceed 90 mmHg. However, when the standard deviation is taken into consideration, 

it is likely that there would be subjects, particularly in the BMI >30 kg.m-2 and 25 – 

29.99 kg.m-2 categories, whose blood pressure exceeded 140/90 mmHg. The results 

clearly revealed that, with the increase of BMI, both systolic and diastolic blood 

pressure increased, stepwise. This is shown in figure 4.15. 

 

 

 

 

 

 

 

 

 

 

 

4.4.4. Systolic and diastolic blood pressure by BMI categories 

 

Systolic and diastolic blood pressures of the study population were cross-tabulated 

against the broad BMI categories <25 and 25 kg.m-2. The results of this analysis are 

shown in table 4.19.  
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Figure 4.15. Systolic and diastolic blood pressures in BMI categories. 
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In the BMI >25 category, systolic and diastolic hypertension was present in 15.1% and 

25.0% of subjects, respectively. In the BMI <25 category, systolic and diastolic 

hypertension was present in 4% and 5.9%, respectively. 

 

Table 4.19. Systolic blood pressure and diastolic blood pressure by 

 BMI <25 and 25 categories. 

Systolic blood pressure  

(mmHg) 

                   BMI (kg.m-1)  

 25                     25 

   n'       (%)        n'        (%) 

140 194 96 180 84.9 

140 8 4  32 15.1 

Diastolic blood pressure 

(mmHg) 

BMI (kg.m-1) 

      25                      25 

   n'        (%)        n'       (%) 

90 190 94.1 159 75 

90  12   5.9  53 25 

 

The odds ratio, 4.3 for systolic blood pressure and 5.27 for diastolic blood pressure 

indicated that overweight subjects were 4.3-times more likely to develop systolic 

hypertension and 5.3-times more likely to develop diastolic hypertension than with a 

desirable BMI. 

 

4.4.5. Systolic and diastolic blood pressure by the waist to hip ratio 

 

The results of the systolic and diastolic blood pressures in relation to the waist to hip 

ratios in the male subjects and the female subjects are presented below. Analysis were 

done using both the Asian and WHO, WHR cut-off points. 
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4.4.5.1. Systolic and diastolic blood pressure by the waist to hip ratio - male 

 

The study population was separated gender wise. The male subjects (n=177) were then 

isolated under the two WHR categories 1.0 and 1.0, as per cut-off point of the 

World Health Organization, for desirable and undesirable abdominal fat 

accumulation, respectively. The male subjects in each WHR category were then 

subcategorised according to the systolic blood pressure cut-off points 140 mmHg or 

140 mmHg and the diastolic blood pressure cut-off points 90 mmHg or 90 mmHg. 

Table 4.20. Systolic blood pressure and diastolic blood pressure by 

WHR - male subjects (n = 177). 

Systolic blood pressure 

(mmHg) 

(n = 414) 

Waist to hip ratio 

1.0                       1.0 

   n'       (%)        n'        (%) 

140 121 95.3 45 90.0 

140   6   4.7   5 10.0 

Diastolic blood pressure 

(mmHg) 

Waist to hip ratio 

1.0                        1.0 

   n'        (%)        n'       (%) 

90 114 89.8 37 74.0 

90  13 10.2 13 26.0 

 

As shown in table 4.20, male subjects, 121 in number (95.3%), in the waist to hip ratio 

category1.0 had a systolic blood pressure in the desirable range, (140 mmHg). And, 

6 subjects (4.7%), despite a desirable WHR (1.0), had a systolic blood pressure 140 

mmHg. On the other hand, in the WHR category 1.0, 45 subjects (90%) had a 

desirable systolic blood pressure. And, 5 subjects (10%) had a systolic blood pressure 

140. When the WHR exceeded 1.0, the percentage of subjects maintaining desirable 

systolic blood pressure decreased from 95.3% to 90% and undesirable systolic blood 

pressure increased from 4.7% to 10%. 
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Analysis of the diastolic blood pressure in relation to the WHR in the same group of 

male subjects revealed that 10.2% in the desirable WHR category (i.e. <1.0) had a 

diastolic blood pressure 90 mmHg and when compared with the undesirable WHR 

category (i.e. 1.0) 26% had a diastolic blood pressure 90 mmHg. 114 subjects 

(89.8%) in the waist to hip ratio category 1.0 maintained a desirable diastolic blood 

pressure. Despite an increased WHR (i.e. 1.0), 37 subjects (74%) maintained a 

desirable diastolic blood pressure. 

 

The blood pressure data in relation to the WHR clearly indicated that, both systolic 

and diastolic hypertension was over two-fold higher (4.7% vs 10% and 10.2% vs 

26%) in the undesirable WHR (1.0) category of subjects, in comparison with those 

who had a desirable WHR (1.0). It was also evident that diastolic hypertension 

overwhelmed systolic hypertension by a factor greater than two (10.2% vs 4.7% and 

26% vs 10%) in both WHR categories. 

 

Systolic and diastolic blood pressures by the WHR of male subjects were analysed 

according to the Asian cut-off points. 

 

The blood pressure data obtained from the male study subjects were reassessed using 

the WHR cut-off point 0.88 applicable to Asian male populations. The male subjects 

(n=177) were grouped under the two WHR categories 0.88 and 0.88, for desirable 

and undesirable abdominal fat accumulation, respectively. The male subjects in each 

WHR category were then subcategorised according to the systolic blood pressure cut-

off points 140 mmHg or 140 mmHg and the diastolic blood pressure cut-off points 

90 mmHg or 90 mmHg. The results of this analysis are shown in table 4.21. 
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Table 4.21. Distribution of systolic and diastolic blood pressures 

   by WHR categories, <0.88 and 0.88 - male subjects (n = 177). 

Systolic blood pressure 

(mmHg) 

Waist to hip ratio 

0.88                            0.88 

   n'        (%)           n'     (%) 

140 40 100.0 126 92.0 

140  0    0  11 8.0 

Diastolic blood pressure 

(mmHg) 

Waist to hip ratio 

0.88                          0.88 

 n'            (%)        n'       (%) 

90 40 100 111 81.0 

90   0   0   26 19.0 

 

 

When considering the systolic blood pressure in the desirable WHR category (i.e. 

<0.88), all the subjects (n = 40, 100%) had a systolic blood pressure <140 mmHg. None 

in this WHR category had a systolic blood pressure 140 mmHg. In the undesirable 

WHR category (i.e. 0.88), 126 subjects (92%) had a desirable systolic blood pressure. 

In this category 11 subjects (8%) had systolic hypertension. Thus systolic 

hypertension was associated with the undesirable WHR. And, it is noteworthy that no 

subjects in the desirable (0.88) WHR category had a systolic hypertension. 

 

With regards to diastolic blood pressure, all the subjects (n= 40) with a desirable 

WHR of <0.88 had a desirable diastolic blood pressure of <90 mmHg. In the 

undesirable WHR category (i.e. 0.88) 111 subjects (81%) had a desirable diastolic 

blood pressure and 19% had an undesirable diastolic blood pressure. Thus diastolic 

hypertension was associated with the undesirable WHR. And, it is noteworthy that no 

subjects in the desirable (0.88) WHR category had  diastolic hypertension. 
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4.4.5.2. Systolic and diastolic blood pressure in relation to the waist to hip ratio 

    in the female subjects by the common Asian / WHO cut-off points 

 

The blood pressure values in female study subjects (n = 237) were related to the waist 

to hip ratios. Here the universal cut-off points for the WHR 0.85 was used. The results 

of this analysis are shown in table 4.22. 

 

Table 4.22. Systolic and diastolic blood pressures by WHR – female (n = 237). 

 

Systolic blood pressure 

(mmHg) 

Waist to hip ratio 

0.85                       0.85 

n         (%)        n        (%) 

140 79 90.8 129 86.0 

140   8   9.2 21 14.0 

Diastolic blood pressure 

(mmHg) 

Waist to hip ratio 

0.85                            0.85 

   n       (%)        n       (%) 

90 79 90.8 119 79.3 

90  8 9.2 31 20.7 

 

It was evident that, of a total of 237 female subjects, 79 (90.8%) subjects with a WHR 

<0.85 and 129 (86%) subjects with a waist to hip ratio 0.85, had a systolic blood 

pressure <140 mmHg. Eight subjects (9.2%) with a WHR <0.85 and 21 (14%) subjects 

with a waist to hip ratio 0.85 had a systolic blood pressure 140 mmHg. 

The diastolic blood pressure of female subjects in WHR category 0.85 had a 

distribution, <90 mmHg in 79 (91%) and 90 mmHg in 8 (9%). In the waist to hip 

ratio category 0.85, 119 subjects (79%) had a diastolic blood pressure <90 mmHg 

and 31 subjects (21%) had a diastolic blood pressure 90 mmHg. 

 

In females, in the WHR category 0.85, 9.2% had systolic hypertension, whereas in 

the WHR category 0.85, 20.7% had systolic hypertension. 
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Furthermore, in the WHR category 0.85, the occurrence of systolic and diastolic 

hypertension was identical (9.2%, 9.2%, respectively). However, in the WHR category 

0.85, the occurrence of diastolic hypertension, being 20.7% was higher than that of 

systolic hypertension (14.0%). 

 

4.4.5. Gender comparison of systolic and diastolic hypertension 

 

The prevalence of hypertension with respect to waist to hip ratio in the male cannot be 

compared with that in the female as the waist to hip ratio cut-off point differ in the 

two sexes. 

 

However, at a WHR 0.88 in the male, and at a WHR 0.85 in the female, prevalence 

of systolic hypertension was 8% and 14%, respectively and under similar WHR 

categories diastolic hypertension was 19% in the male and 20.7% in the female 

subjects (Table 4.23). 

 

Table 4.23. Occurrence of systolic and diastolic hypertension by gender. 

 

Type of 

Hypertension 

Percentage occurrence 

Male WHR 0.88 Female WHR 0.85 

 

Systolic 

 

8.0 

 

14.0 

Diastolic 19.0 20.7 

 

 

It was evident that the female is more vulnerable to abdominal obesity related 

hypertension than the male. 
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These findings are summarised in figure 4.16. 

 

 

 

 

 

 

 

 

 

 

 

4.4.7. Multiple regression analysis 

 

Age could be a confounding variable in analysing the effect of BMI and WHR on 

systolic and diastolic blood pressures. Therefore, multiple regression analysis was 

used to examine the simultaneous impact of age and BMI on systolic and diastolic 

blood pressures and also the simultaneous impact of age and WHR on systolic and 

diastolic blood pressures. It was evident that BMI and WHR had a significant impact 

on both systolic and diastolic blood pressures after controlling for age (p < 0.01 for all 

the above parameters). 

 

4.5. Study of the glycaemic status of the study population 

 

The glycaemic status of the study subjects was determined by the 12-hour fasting 

blood plasma glucose concentration determination followed by the 2-hour post-

glucose-load blood plasma glucose concentration determination. These results are 

presented below. 

Systolic hypertension Diastolic hypertension 

Male 
Female 

Figure 4.16. Gender difference in hypertension. 
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4.5.1. Glycaemic status by fasting plasma glucose concentration 

 

For this study 157 subjects (157/414 = 37.9%), both male and female participated. 

They observed an overnight fast and presented for the study. Blood obtained 12 hours 

after fasting was analysed to determine the plasma glucose concentration in mmol.l-1. 

Depending on the individual’s fasting plasma glucose concentration (FPG), subjects 

were placed within the appropriate glycaemic status category (<6.1, 6.1 – 6.9,  7.0 

mmol.l1) recommended by the World Health Organization, Thus, the number of 

subjects in each glycaemic status category was arrived at. A summary of result of this 

study is shown in table 4.24. 

 

Table 4.24. Glycaemic status of the study subjects based on fasting 

plasma glucose concentration (FPG). 

 

Fasting plasma glucose 

concentration 

Subjects (n=157) 

Number (n) Percentage (%) 

 

<6.1 

 

141 

 

89.8 

6.1 – 6.9 9 5.7 

 7.0 7 4.5 

 

The findings showed that the 141 study subjects (89.8%) had a fasting plasma glucose 

concentration <6.1 mmol.l-1. Accordingly, they fell into the normoglycaemic category 

at the time of the study. The next category, i.e. the impaired fasting glycaemia (IFG) 

category (FPG 6.1 – 6.9 mmol.l-1) had 9 subjects (5.6%). The diabetic category 

delineated by a FPG cut-off points  7.0 mmol.l-1, had 7 subjects (4.5%). 

 

It must be stated that the FPG determinations were done only once in each subject, 

and as such one cannot be too certain about the accuracy of the rates of occurrence of 

normoglycaemia and IFG and diabetes seen here. Nonetheless, the findings revealed 
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that this apparently healthy population had subjects (n=16, 10.2%) whose glycaemic 

status was not normal. 

 

4.5.2. Glycaemic status by two-hour plasma glucose concentration following 

 oral glucose loading 

 

Next study was done to determine the glycaemic response elicited by a brief glucose 

tolerance test. For this study, 128 (128/157 = 81.5%) subjects of both sexes 

participated. Once a blood sample was obtained to determine the fasting plasma 

glucose concentration, each subject was given 75g glucose orally. Two hours after oral 

glucose, a blood sample was obtained to determine the resulting plasma glucose 

concentration (PPG). Depending on the 2-hour post-glucose-load plasma glucose 

concentration, subjects were placed within the appropriate glycaemic status category 

(<7.8, 7.8 – 11.0,  11.1 mmol.l1) recommended by the World Health Organization. 

Thus, the number of subjects in each glycaemic status category was arrived at. A 

summary of result of this study is shown in table 4.25. 

 

Table 4.25. Glycaemic status of the study subjects based on the 2-hour 

post-glucose-load plasma glucose concentration (n=128). 

2-hr post glucose load plasma glucose 

concentration 

Subjects in the category 

Number (n) Percentage (%) 

 

<7.8 

 

100 

 

78.1 

7.8 – 11.0   17 13.3 

11.1   11   8.6 

 

As the figures in the table reveal, of a total of 128 study subjects, 100 subjects (78.1%) 

were in the normoglycaemic category (PPG <7.8 mmol.l1). Seventeen subjects (13.3%) 

fell into the impaired glucose tolerance (IGT) category (7.8 – 11.0 mmol.l1). 
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 Eleven subjects (8.6%) fell into the diabetes category (11.1 mmol.l1). Using the above 

data, the percentage of subjects in the categories; normoglycaemic impaired fasting 

glycaemic, impaired glucose tolerant, diabetic, as per FPG concentration and PPG 

were compared. This comparison is depicted in figure 4.17. 

 

 

 

 

 

 

 

 

It was evident that normoglycaemia in the study population was higher when FPG 

(89.8%) rather than PPG (78.1%) plasma glucose concentration was taken as a 

measure. The marginal glucose intolerance (from 5.7% to 13.3%) and diabetes (from 

4.5% to 8.6%) increased when the subjects were challenged with a glucose load. 

Glucose challenge appeared to create a shift of some subjects who were at the upper 

level of cut-off points assigned to FPG to the next category when challenged with an 

oral glucose load. However, re-testing the subjects in the categories, IGT and diabetic, 

with the 2-hour oral glucose tolerance test, after an interval, can truly validate the 

above data. 

89.8

5.7 4.5

78.1

13.3
8.6

    Normoglycaemic   IFG   IGT         Diabetic 

According to fasting plasma 

glucose concentration 

According to post-glucose-load   

2-h plasma glucose concentration 

Figure 4.17. Percentage of subjects in the glycaemic status categories 

    detected by FPG and PPG. 
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4.5.3. Plasma glucose concentration in relation to BMI 

 

4.5.3.1. Fasting plasma glucose concentration in relation to BMI 

The mean  SD of the fasting plasma glucose concentration, in the subjects in BMI 

categories <18.5, 18.5 – 24.9, 25 –29.9 and ≥30 kg.m-2 was computed (Table 4.26). 

Table 4.26. Fasting plasma glucose concentration in relation to the BMI (n = 157). 

BMI 

category 

Subjects 

number 

Fasting 

Mean  SD 

 

<18.5 

 

7 

 

4.12 

 

0.55 

18.5 – 24.9 60 5.05 1.60 

25 –29.9 65 5.11 1.14 

≥30 25 5.27 1.18 

The BMI category <18.5 (n=7), 18.5 – 24.9 (n= 60), 25 –29.9 (n=65) and >30 (n=25) 

had a fasting plasma glucose concentration of 4.12  0.55, 5.05  1.6, 5.11  1.14 and 

5.27  1.18 mmol.l-1, respectively. It was evident that the mean fasting plasma glucose 

concentration rose with the increase of BMI. Figure 4.18 reiterates the rising trend of 

fasting plasma glucose concentration with rising BMI. 

 

 

 

  

 

 

 

4.12

5.05 5.11 5.27

<18.5     18.5 – 24.9  25 –29.9 >30 

BMI category 

Figure 4.18. The mean fasting plasma glucose concentration in relation to BMI. 



 113 

4.5.3.2. Post-glucose plasma glucose concentration in relation to BMI 

In the study subjects, the mean  SD of 2-hour post-glucose-load- plasma glucose 

concentration in each the BMI category (<18.5, 18.5 – 24.9, 25 –29.9, >30 kg.m-2) was 

determined. The BMI category <18.5 (n=7), 18.5 – 24.9 (n= 48), 25 –29.9 (n=54) and 

≥30 (n=19) had a fasting plasma glucose concentration of 4.76  1.11, 6.51  2.16, 7.13 

 2.63 and 8.78  3.18 mmol.l-1, respectively (Table 4.27). It was evident from table 

4.27 that the mean of PPG concentration was raised with rising BMI. 

 

 

BMI 

category 

Subjects 

number 

2-h post glucose 

Mean  SD 

 

<18.5 

 

  7 

 

4.76 

 

1.11 

18.5 – 24.9 48 6.51 2.16 

25 –29.9 54 7.13 2.63 

>30 19 8.78 3.18 

 

The figure reiterates the rising trend of PPG concentration with rising BMI (Figure 

4.19). 

 

 

 

 

 

 

Table 4.27. The mean 2-hour post-glucose-load plasma 

glucose concentration in relation to the BMI (n = 128). 

4.76

6.51
7.13

8.78

<18.5     18.5 – 24.9  25 –29.9 >30 

BMI category 

Figure 4.19. The mean 2-hour post-glucose-load plasma glucose 

concentration in relation to the BMI. 
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Correlation of fasting plasma glucose with the BMI and 2-hour post-glucose-load 

plasma glucose concentration with the BMI were p = 0.05 and p = 0.01, respectively. 

Thus, 2-hour post-glucose-load plasma glucose concentration was a better probe to 

bring to light latent aberrations in the glycaemic status in relation to BMI. 

 

4.5.3.3. Cross tabulation, fasting plasma glucose versus BMI 

 

Next, the FPG concentration versus BMI data were subcategorised under the glucose 

concentration categories <6.1mmol.l-1 (normoglycaemia) and <6.1mmol.l-1 (impaired 

glycaemia) and cross-matched with the broad BMI categories <24.9 (non-overweight) 

and >25 (overweight). This analytical result is shown in table 4.28. 

 

 

 

Fasting plasma glucose 

concentration (mmol.l-1) 

 

<25 

 

≥25 

 

 

<6.1 

>6.1 

n (%) n (%) 

 

63 94.0 78 86.7 

  4   6.0 12 13.3 

 

It was evident that 94% of subjects in the BMI category <24.9 kg.m-2 and 86.7% 

subjects in the BMI category >25 kg.m-2 had a FPG concentration <6.1 mmol-1. And, 

6% of subjects in the BMI category <24.9 kg.m-2 and 13.3% in the BMI category >25 

kg.m-2 had a fasting plasma glucose concentration >6.1 mmol-1. Of the 16 subjects who 

had this fasting plasma glucose concentration >6.1 mmol-1, 12 subjects (75%) had a 

BMI >25 kg.m-2. Whereas, only 4 subjects (25%) had a BMI <24.9 kg.m-2. Thus, it 

appears that overweight was a factor which predisposed the study subjects to an 

impaired glycaemic status. The odds ratio of 2.43 obtained by computing the above 

BMI (kg.m-2) category 

Table 4.28. Fasting plasma glucose concentration by BMI categories. 
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data, implied that overweight subjects were 2.43 times more likely to have an elevated 

FPG concentration (i.e. >6.1mmol-1) than those who had a desirable non-overweight 

BMI. 

 

4.5.3.4. Cross tabulation, post-glucose plasma glucose versus BMI 

 

The 2-hour post-glucose-load plasma glucose concentration versus BMI values were 

subcategorised under the glucose concentration categories <7.8mmol.l-1 (no IGT) and 

>7.8mmol.l-1 (IGT and/or diabetes) and cross-matched with the broad BMI categories 

<24.9 kgm-2 (non-overweight) and >25 kgm-2 (overweight). This analytical result is 

shown in table 4.29. 

 

Table 4.29. 2-hour post-glucose-load plasma glucose concentration by BMI. 

 

2-hour post-glucose-load 

plasma glucose concentration 

(mmol.l-1) 

BMI category 

<25 

     n        (%)                          

 (kg.m-2) 

25 

n              (%) 

 

<7.8 

>7.8 

    

46 83.6 54 74.0 

  9 16.4 19 26.0 

 

Results of table 4.29 revealed that 83.6% of study subjects in the BMI category <24.9 

kg.m-2 and 74% in the BMI category 25 kg.m-2 had a PPG concentration <7.8 mmol-

1. And, 16.4% of subjects in the BMI category <24.9 kg.m-2 and 26.0% in the BMI 

category 25 kg.m-2 had a PPG concentration >7.8 mmol-1. Of the 28 subjects who had 

a PPG concentration >7.8 mmol-1, 19 subjects (68%) had a BMI 25 kg.m-2. Only 9 

subjects (32%) had a BMI <25 kg.m-2. These results reiterate the fact that overweight 

was a factor, which predisposed the study subjects to IGT and diabetes. 
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The odds ratio of 1.73 obtained by computing the above data implied that overweight 

subjects were 1.73 times more likely to have an elevated plasma glucose concentration 

(i.e. >7.8 mmol-1 at 2 hours) in response to oral glucose challenge, than those who had 

a desirable non-overweight BMI. 

4.5.4. Glycaemic status in relation to the waist to hip ratio 

 

Glycaemic status of the study subjects deduced with the fasting plasma glucose 

concentration and the 2-hour post-glucose-load glucose concentration was related to 

the WHR, separately in the male and the female. 

 

4.5.4.1. Fasting plasma glucose concentration in relation to WHR in male subjects 

 

In the analysis of the glycaemic status with respect to the waist to hip ratio in the male 

study subjects (n=78), the fasting plasma glucose concentration was taken into 

consideration, initially. The number (and percentage) of males in the fasting plasma 

glucose concentration category <6.1 mmol.l-1 (normoglycaemic) within the two 

separate WHR categories, <1, 1.0 (WHO cut-off point 1.0) is shown in table 4.30. 

 

Table 4.30. Fasting plasma glucose concentration categories by WHR categories. 

 

 

 

 

 

 

In the WHR category < 1, 42 subjects (89.4%) had a FPG concentration <6.1 mmol.l-1 

and 5 subjects (10.6%) had a FPG concentration >6.1 mmol.l-1. In the waist to hip 

Fasting plasma glucose  

(mmol.l-1) 

Waist to hip ratio category (n=78) 

       <1                     1.0 

 
n (%) n (%) 

<6.1 mmol.l-1 42 89.4 24 77.4 

>6.1 mmol.l-1  5 10.6  7 22.6 
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ratio category 1.0, 24 subjects (77.4%) had a fasting plasma glucose concentration 

<6.1 mmol.l-1 and 7 subjects (22.6%) had a FPG concentration >6.1 mmol.l-1. It was 

evident that 66 subjects out of 78 had fasting normoglycaemia in both the waist to hip 

ratio categories. And, on this one FPG concentration determination, 12 subjects in 

having a FPG concentration > 6.1 mmol.l-1 were found to be not hyperglycaemic. It is 

noteworthy that both the WHR categories, <1 and 1.0, had subjects with impaired 

fasting glycaemia / diabetes to the extents, 10.6% and 22.6%, respectively. Impaired 

fasting glycaemia / diabetes was double fold higher in the undesirable WHR category 

(1.0). 

4.5.4.2. Fasting plasma glucose concentration in relation to WHR categories according 

 to the Asian cut-off point 0.88 (male subjects) 

 

Fasting plasma glucose concentration in the male subjects (n = 78) was related to the 

WHR categories based on the cut-off point applicable to Asian populations, i.e.0.88 

and the analytical result is shown in the table (4.31). 

 

Table 4.31. Fasting plasma glucose concentration versus WHR categories 

in the male as per Asian WHR cut points. 

Fasting plasma glucose  

(mmol.l-1) 

Waist to hip ratio category 

       <0.88                     0.88 

 
n (%) n (%) 

<6.1 mmol.l-1  9 100 57 82.6 

>6.1 mmol.l-1  0 0 12 17.4 

Of the 66 subjects who had a FPG concentration <6.1 mmol.l-1, all the subjects who 

had a WHR <0.88 (n=9, 100%) were normoglycaemic, also, 82.6% (n = 57) of subjects 
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with a WHR >0.88 were normoglycaemic. There were no subjects with a FPG 

concentration 6.1 mmol.l-1 in the WHR category <0.88. In contrast, 12 subjects 

(17.4%) of the WHR category 0.88 had a FPG concentration suggestive of impaired 

fasting glycaemia / diabetes. 

A comparison of the number of normoglycaemic subjects under the two WHR cut-off 

points 1.0 and 0.88 revealed that 66 subjects were normoglycaemic whichever cut-off 

point was applied and 12 subjects were having impaired fasting glycaemia / diabetes. 

It was noted that, when the cut-off point applicable to Asian population (0.88) was 

used, 17.4% of the subjects with a WHR 0.88 had a plasma glucose concentration 

6.1 mmol.l-1. And, as abnormal fasting glycaemia was seen around a WHR of <1 

(Table 4.30) (which defines the desirable WHR applicable to world populations -

WHO), and not around 0.88 (Table 4.31) (applicable to Asian populations), a WHR of 

0.88 appears to unambiguously delineate normoglycaemic individual from individual 

with impaired glucose metabolism. 

4.5.4.3. Glycaemic status with respect to the fasting plasma glucose concentration 

related to the waist to hip ratio in the female subjects 

 

The glycaemic status with respect to the waist to hip ratio in the female study subjects 

was analysed next. The number (and percentage) of females in the FPG concentration 

categories <6.1 mmol.l-1 and 6.1 mmol.l-1, also within the two WHR categories (i.e. 

<0.85 and 0.85) was determined. The analytical result is shown in table 4.32. 

 

In the WHR < 0.85, 24 female subjects (100%) had a FPG concentration <6.1 mmol.l-1 

and no subjects (0%) had a FPG concentration >6.1 mmol.l-1. In the WHR category 

0.85, 51 subjects (92.7%) had a FPG concentration <6.1 mmol.l-1 and 4 subjects 



 119 

(7.3%) had a fasting plasma glucose concentration >6.1 mmol.l-1. It was evident that 

75 subjects had fasting normoglycaemia in both the WHR categories. 

Table 4.32. Fasting plasma glucose concentration categories by 

WHR categories in the female. 

 

 

 

 

 

 

 

And, on this single FPG concentration determination, 4 subjects in having a FPG 

concentration >6.1 mmol.l-1 were not normoglycaemic. It was also evident that, only in 

the waist to hip ratio category >0.85, subjects with impaired fasting glycaemia / 

diabetes were present. It was thus apparent that a WHR of >0.85 is a reliable cut-off 

point to delineate female subjects with normoglycaemia from those with impaired 

fasting glycaemia / diabetes. 

The odds ratio for FPG concentration related to the WHR of both genders was above 

three. This implied that the elevation of plasma glucose concentration in the higher 

WHR category was three times that of the desirable WHR category of subjects. 

4.5.4.4. Glycaemic status with respect to the PPG related to the waist to hip ratios 

<0.99 / >1.0 in the male subjects 

The 2-hour post-glucose-load plasma glucose concentration relative to the waist to hip 

ratios, <1 / >1.0 was analysed next. The results of this analysis are presented in table 

4.33. 

 

Fasting plasma glucose  

(mmol.l-1) 

Waist to hip ratio category 

        <0.85                    0.85 

      (n = 79) 

 
n (%) n (%) 

<6.1 mmol.l-1 24 100 51 92.7 

>6.1 mmol.l-1  0 0  4  7.3 
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Table 4.33. PPG versus WHR categories <0.99 / 1.0 in the male in the male. 

 

 

 

 

 

 

As seen in table (Table 4.33), in the male study subjects, normoglycaemia defined by 

PPG concentration, <7.8 was present in the WHR categories <1 and 1.0 to the extents 

82.9% and 52.2%, respectively. Thus the occurrence of normoglycaemia was higher in 

the desirable, compared with the undesirable WHR category. A plasma glucose 

concentration 7.8 signifying impaired glucose tolerance / diabetes was present to the 

extents, 17.1% in the <1.0 WHR category and 47.8% in the 1.0 WHR category. 

4.5.4.5. The glycaemic status with respect to the PPG related to the waist to hip ratios 

<0.88 / 88 in the male subjects  

 

Instead of the cut-off point 1.0 used in the above analysis, when the cut-off point 0.88 

(Asian) was used, the results shown in table 4.34 were obtained. 

The number of subjects with WHR >0.88 also with a PPG concentration 7.8 mmol.l-1 

increased with a shift of subjects from the <0.88 WHR category. A similar change was 

seen even with the FPG concentration when the cut point was lowered from 1.0 to 

0.88. 

Table 4.34. PPG versus WHR categories <0.88 / 0.88 in the male. 

2-hour post-glucose-load 

plasma glucose (mmol.l-1) 

   Waist to hip ratio category 

<1                        1.0 

      (n = 64) 

 
n (%) n (%) 

<7.8 mmol.l-1 34 82.9 12 52.2 

>7.8 mmol.l-1 7 17.1 11 47.8 
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4.5.4.6. PPG-related glycaemic status related to the waist to hip ratios <0.85 / 85 

in the female subjects 

In of female subjects, elicited by the plasma glucose concentration (7.8 mmol.l-1) at 

two hours following the oral glucose loading, 54 individuals were normoglycaemic 

(Table. 4.35). The remaining 10 subjects in having a PPG 7.8 mmol.l-1 were having 

either impaired glucose tolerance or diabetes. Nine of these 10 subjects belonged to 

the WHR category >0.85. 

Table 4.35. PPG categories versus WHR categories <0.85 / 0.85 in the female. 

 

 

 

 

 

 

From the 

foregoing data, it was noted, that according to the FPG concentration >6.1mmol.l-1, 

2-hour post-glucose-load 

plasma glucose (mmol.l-1) 

Waist to hip ratio category 

<0.88                       0.88 

      (n = 64) 

(n = 64) n (%) n (%) 

<7.8 mmol.l-1 7 87.5 39 69.6 

>7.8 mmol.l-1 1 12.5 17 30.4 

2-hour post-glucose-load 

plasma glucose (mmol.l-1) 

Waist to hip ratio category 

        <0.85                    >0.85 

     (n = 64) 

 
n (%) n (%) 

<7.8 mmol.l-1 21 95.5 33 78.6 

>7.8 mmol.l-1  1  4.5  9 21.4 
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only 4 female subjects (out of 79) had fasting hyperglycaemia. All these subjects had 

an undesirable WHR (>0.85). However, when these same subjects were challenged 

with an oral glucose load, further 5 subjects became known to have either impaired 

glucose tolerance /diabetes. 

The preceding data on glycaemia relative to the WHR permit the following deductions 

to be made. In the male study subjects, the percentage of subjects with fasting 

hyperglycaemia and glucose intolerance due to glucose load was higher in the higher 

WHR (>0.88) when the population was subdivided by a WHR of 0.88 rather than 1.0 

(Figure. 4.20). 

 

 

 

 

 

 

 

 

Statistical evaluation showed that in male study subjects, correlation between WHR 

and plasma glucose was statistically significant (p<0.01) for both fasting and PPG 

>6.1mmol.l-1 >7.8mmol.l-1 

<6.1mmol.l-1 <7.8mmol.l-1 

   >1.0  >0.88      >1.0    >0.88 

Figure 4.20. Percentage of male subjects, normoglycaemic (green) / 

impaired glucose tolerant or diabetic (red) with respect 

to different waist to hip ratio cut-off point. 

FPG  PPG 
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concentration. In the female subjects the correlation between WHR and plasma 

glucose was not statistically significant. 

4.5.5. Multiple regression analysis 

Age could be a confounding variable in analysing the effect of BMI and WHR on 

fasting and PPG concentration. Therefore, multiple regression analysis was used to 

determine the simultaneous impact of age and BMI on FPG concentration and PPG 

concentration and also the simultaneous impact of age and WHR on FPG 

concentration and PPG concentration. It was evident that BMI had a significant 

impact (p<0.05) on post glucose load plasma glucose concentration, after controlling 

for age. Effect of WHR on FPG concentration or the FPG concentration was not 

statistically significant after controlling for age in both the genders. 

4.6. Serum lipids 

Serum lipid concentrations were determined in 162 study subjects, both male and 

female. The subjects were fasted for 14 hours before phlebotomy for obtaining blood 

for lipid determination. The lipids whose concentrations in serum measured were 

cholesterol and triacylglycerol. The further determination done under the serum 

lipids was HDL-cholesterol. By computation serum LDL-cholesterol concentration 

was found out. The methodologies adopted for the serum lipid determination was 

given in methods chapter. 

 

4.6.1. Serum total cholesterol 

The serum total cholesterol concentration for the study population (n=162) as a mean 

 SD was 5.58  1.03 mmol.l-1. Gender-wise, the total serum cholesterol concentration 

was, 5.49  1.06 mmol.l-1 for males and 5.66 1.00 mmol.l-1 for females. 
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Cholesterol 

concentration (mmol.l-1) 

<1.4       1.55 – 1.60         1.75 

Physical activity level 

Further a relationship was seen with the physical activity levels and serum TC 

concentration. With the increase of PAL from <1.4 through 1.55 – 1.60 to 1.75, the 

serum TC concentration dropped from 5.65, through 5.48 to 5.46 mmol.l-1 

(Figure4.21). However, the TC concentration and the physical activity level did not 

correlate with PAL, statistically. 

 

Figure4.21. Mean serum cholesterol in physical activity levels. 

 

 

 

 

 

 

 

The study subjects (in number and as a percentage) with total serum TC 

concentration falling under the reference intervals (cut-off) values recommended for 

Asian populations  (Singh et al) are shown in table 4.36. 

 

Only a minority of the population (12.3%) had a serum TC concentration in the 

desirable range (<4.39 mmol.l-1). 

Table 4.36. Distribution of serum cholesterol in the population. 

 

Serum cholesterol 

(mmol.l-1) 

Lipid status 

cholesterol based 

Subjects (n = 162) 

n         (%) 

 

<4. 39 

 

Desirable (upper limit) 

 

20 

 

12.3 

4.40 – 5. 14 Borderline high 38 23.5 

5.15 High 104 64.2 
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Nearly a quarter of the study population (23.5%) had the serum TC concentration in 

the borderline high range (4.40 – 5. 14 mmol.l-1). At a cut-off point of 5.15 mmol.l-1 

that defines the undesirable high serum TC concentration, 64.2% subjects fell into the 

‘undesirable high’ category. In all, 87.7% subjects were hypercholesterolaemic. 

 

The figures for dyslipidaemia obtained here being excessively high, it is tempting to 

contest the validity of the cut-off values proposed by Singh et al for the Sri Lankan 

population. 

 

4.6.1.1. Serum total cholesterol in relation to the body mass index (BMI) 

 

 

Serum total cholesterol concentrations were identified with the BMI of subjects. The 

mean total cholesterol concentration with the SD in the BMI categories is shown in 

table 4.37. 

Table 4.37. Mean serum cholesterol in body mass index categories  

 

Body mass index (kg.m-2) 

category 

Serum cholesterol concentration     

(mmol.l-1) 

 (n) Mean  SD 

 

<18.5 

 

8 

 

5.18 

 

1.09 

18.5 – 24.99 59 5.71 1.13 

25 – 29.99 67 5.47 0.97 

>30 28 5.68 0.93 

 

The four BMI categories, <18.5, 18.5 - 24.99, 25 – 29.99, >30 kg.m-2 had mean serum 

total cholesterol concentrations, 5.18, 5.71, 5.47 and 5.68 mmol.l-1, respectively. From 

this data, it appeared that, as the BMI increased TC concentration increased too. 

However, an association of TC concentration with the BMI could not be validated 

statistically. 
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4.6.1.2. Serum total cholesterol in relation to the waist to hip ratio 

 

As the waist to hip ratio cut-off values are different in the male and the female, the 

study population whose cholesterol concentration had been determined, was 

separated gender wise. In the WHR categories demarcated by cut-off values 0.88 

(male subjects, n=77) and 0.85 (female subjects, n=85) the number (and percentage) of 

subjects with serum TC concentrations <4.39, 4.40 – 5.14 and 5.15 mmol.l-1 were 

determined. The results of this analysis are shown in table 4.38. It was seen that that 

50% of the male subjects had a desirable WHR and also a desirable serum TC 

concentration. A desirable serum TC concentration was also found in 10.1% of the 

male subjects but with an undesirable WHR. 

 

Hypercholesterolaemia (>4.4 mmol.1-1) was found in 50% of the male subjects with a 

desirable WHR. Particularly noteworthy was that, the majority of male subjects  

Table 4.38. Serum total cholesterol by waist to hip ratio – male (n = 77). 

 

Cholesterol 

(mmol.l-1) 

Waist to hip ratio 

<0.88 0.88 

(n) (%) (n) (%) 

 

<4.39 

 

4 

 

50 

 

  7 

 

10.1 

4.40 – 5.14 2 25 14 20.3 

5.15 2 25 48 69.6 

 

(89.9%) with a WHR 0.88 had hypercholesterolaemia. This data permits one to come 

to a conclusion that hypercholesterolaemia was associated with an undesirable WHR 

(odds ratio = 8.85, correlation P = 0.01). Thus, it could be argued that the health risk 

due to a higher waist to hip ratio could be due to accompanying 

hypercholesterolaemia which is a known cardiovascular risk factor. Multiple 
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regression analysis showed that the impact of WHR on serum cholesterol was 

significant even after controlling for age. 

 

In the female subjects (n = 85), whose WHR is demarcated by the cut-off point 0.85, 

the number (and percentage) of subjects with total serum TC concentration <4.39, 

4.40 – 5.14 and 5.15 mmol.l-1 was determined. The results of this analysis are shown 

in table 4.39. The data in the table revealed that only 8% of the female subjects had a 

desirable WHR and also a desirable serum TC concentration. 

 

A desirable cholesterol concentration was also found in 11.7% of female subjects but 

with an undesirable WHR. Hypercholesterolaemia was found in 92% of the female 

population with a desirable WHR and 88.3% of the female subjects with a WHR 

0.85 had hypercholesterolaemia. 

Table 4.39. Serum cholesterol by waist to hip ratio – females (n = 85). 

 

Cholesterol 

(mmol.l-1) 

Waist to hip ratio 

<0.85 0.85 

(n) (%) (n) (%) 

 

<4.39 

 

2 

 

8 

 

7 

 

11.7 

4.40 – 5.14 8 32 14 23.3 

5.15 15 60 39 65.0 

 

This shows that unlike in the male, in the females serum cholesterol concentration had 

no relationship with the waist to hip ratio. 

 

4.6.1.3. Blood pressure in relation to serum total cholesterol 

 

The data on blood pressure, systolic and diastolic was computed in relation to the 

serum total cholesterol concentration. With respect to the three cut-off points 

pertaining to serum total cholesterol concentration, the number of subjects within the 
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cholesterol category and the mean  SD of the systolic and diastolic blood pressures 

were determined. The analytical result is displayed in table 4.40. The table of data 

revealed that there was a difference in both systolic and diastolic blood pressure in the 

three cholesterol categories. Both systolic and diastolic blood pressure increased with 

the rise in total serum in cholesterol from <4.39 through 4.40 – 5.14 to 5.15 mmol.l-1. 

The correlation of systolic and diastolic blood pressure to total serum cholesterol was 

significant at p = 0.01 and p = 0.05 level, respectively. 

 

Table 4.40. Blood pressure by serum cholesterol (n = 162). 

 

Category 

Cholesterol-wise 

Blood pressure systolic 

    Mean        SD 

Blood pressure diastolic 

     Mean        SD 

 

<4.39          (n = 20) 

 

114.3 

 

17.1 

 

74.2 

 

13.3 

4.40 – 5.14 (n = 38) 115.3 14.0 77.7 10.8 

5.15        (n = 104) 120.3 16.1 78.6 12.0 

 

 

4.6.2. Serum triacylglycerol (TAG) 

 

The serum triacylglycerol (TAG) concentration was determined in 157 study subjects. 

The TAG concentration of the study sample was 1.59  0.80 mmol.l-1. The number of 

subjects, within the TAG categories  <1.71 mmol.l-1 and 1.71 mmol.l-1 were found to 

be 106 and 51, respectively. Thus, 106 (67.5%) subjects had a desirable blood TAG 

concentration and 51 (32.5%) subjects in having hypertriacylglycerolaemia were 

dyslipidaemic. The male study subjects (n = 81) had a serum TAG concentration 1.78 

 0.91 and the female subjects, 1.42  0.65. The difference in the serum TAG 

concentration in the male and female was significant (p=0.01). 
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4.6.2.1. Serum triacylglycerol (TAG) in relation to the body mass index (BMI) 

 

Of a total of 157 study subjects, the number (and percentage) of study subjects in the 

broad BMI categories <24.99 kg.m-2 and >25.00 kg.m-2 serum TAG concentrations 

<1.71 (desirable) and >1.71 (undesirable) was determined. A summary of this analysis 

is presented in table 4.41. 

 

Table 4.41 Serum triacylglycerol by body mass index (n = 157). 

 

Serum TAG concentration (mmol.l-1) 

Category according to 

the BMI (kg.m-2) 

<24.99 >25.00 

 n % n % 

 

<1.71 

 

43 

 

68.3 

 

63 

 

67.0 

1.71 20 31.7 31 33.0 

 

In the desirable BMI (<24.99) category 68.3% had a serum TAG concentration of 

<1.17 and 31.7% had a serum TAG concentration 1.17. In the undesirable BMI (>25) 

category 67.0% had a serum TAG concentration <1.17 and 33.0% had a serum TAG 

concentration of 1.17. An undesirable serum TC concentration was seen in both the 

desirable (31.7%) and the undesirable (33.0%) BMI categories. BMI did not have a 

significant influence on the serum TAG concentration. A statistical correlation 

between the serum TAG concentration with the BMI was not evident (Appendix IV). 

 

4.6.2.2. Serum triacylglycerol (TAG) in relation to the waist to hip ratio 

 

The serum triacylglycerol concentration of the male subjects (n=76) was studied in 

relation to the waist to hip ratio. The number (and percentage) of male subjects in the 

WHR categories <0.88 and 0.88 with serum TAG concentrations, <1.71 and  1.71, 

was computed. The findings of this analysis are shown in table 4.42. 
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In the desirable WHR (<0.88) category 12.5% had a serum TAG concentration of 

>1.17 mmol.l-1. In the undesirable WHR (>0.88) category 47.1% had a serum TAG 

concentration of >1.17 mmol.l-1. This indicated that in males the WHR had a 

significant influence on serum TAG concentration. Correlation was significant at 0.05 

(Appendix IV). 

Table 4.42. Serum TAG concentration by the waist to hip ratio in males 

 (n = 76). 

 

Serum TAG (mmol.l-1) waist to hip ratio 

<0.88 >0.88 

 n % n % 

 

<1.71 

 

7 

 

87.5 

 

36 

 

52.9 

1.71 1 12.5 32 47.1 

 

 

The female study subjects (n = 81), grouped under the desirable and undesirable waist 

to hip ratios were further subdivided under the desirable and undesirable serum TAG 

concentrations. The results of this analysis are displayed in the table 4.43. 

 

Table 4.43. Serum TAG concentration by waist to hip ratio in females (n = 81). 

Serum TAG concentration (mmol.l-1) WHR category 

<0.85 >0.85 

 n % n % 

 

<1.71 

 

22 

 

91.7 

 

41 

 

71.9 

1.71 2 8.3 16 28.1 
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In the desirable WHR (<0.88) category 8.3% had a serum TAG concentration of 1.17 

mmol.l-1. In the undesirable WHR (>0.88) category 28.1% had a serum TAG 

concentration of >1.17 mmol.l-1.This indicated that WHR in females had a significant 

influence on serum TAG concentration. Correlation was significant at p = 0.01. 

 

4.6.3. Serum LDL-cholesterol, HDL-cholesterol and total cholesterol/HDL-cholesterol 

 

The number of subjects and their respective serum cholesterol concentration (mean  

SD) in LDL (LDL-C), HDL (HDL-C) and also the ratio total cholesterol/HDL-

cholesterol (TC/HDL-C) are presented in the table 4.44. 

 

Table 4.44. Mean Serum LDL-cholesterol, HDL-cholesterol and 

Total cholesterol/HDL-cholesterol. 

 

 LDL-C 

(mmol.l-1) 

HDL-C 

(mmol.l-1) 

TC/HDL-C 

(mmol.l-1) 

 

Subjects (n) 

 

154 

 

156 

 

156 

Concentration (mmol.l-1) 3.52  0.97 1.31  0.28 4.45  1.27 

 

The mean  SD of cholesterol in HDL and LDL were, 1.31 0.28 and 3.52  0.97 

mmol.l-1. The ratio of total cholesterol to HDL-cholesterol was 4.45  1.27 mmol.l-1. 

 

In order to resolve the above mean LDL-cholesterol concentration of the total 

population to an interpretable entity, the population distribution under the LDL-

cholesterol concentration cut-off points, 2.32 (desirable upper limit), 2.33 – 2.81 

(borderline high) and >2.82 (high) was determined. The result of this analysis is 

presented in figure 4.22. 
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Of the 154 subjects, 14 subjects (9.1%) had a LDL-cholesterol concentration in the 

desirable range. And, 27 subjects (17.5%) had a LDL-cholesterol concentration in the 

borderline high region. A large majority, 113 (73%) had a high LDL-cholesterol 

concentration. 

 

HDL-cholesterol concentration of the study population (n = 156) was analysed as 

follows. The number (and percentage) of study subjects within the HDL-cholesterol 

cut-off points <0.90 (undesirable) and >0.90 (desirable) was determined. Accordingly, 

2% of subjects had an undesirable HDL cholesterol concentration and 98% of 

subjects had a desirable HDL cholesterol concentration. 

 

The ratio, total cholesterol concentration/HDL-cholesterol concentration of study 

subjects was determined using the cut-off point 5.0. Of the 156 subjects, 119 had a 

ratio below 5.0 and 37 subjects had a ratio above 5.0. Thus, 76% of the study 

population had a favourable total cholesterol concentration/HDL-cholesterol 

concentration ratio and 23.7% of the study population had an unfavourable ratio. 

 

 

 

Figure 4.22. LDL-cholesterol subsets of the study population (as a %). 

LDL-C desirable 

LDL-C borderline high 

LDL-C –high 
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4.6.4. Statistical evaluation 

Serum lipids, TC, TAG, LDL-C, HDL-C and the TC/HDL-C ratio, on statistical 

treatment, failed to show a significant relationship with the BMI. 

In the male subjects, serum total cholesterol concentration had a significant 

association (p=0.01) with the WHR. Also, the WHR had a significant association 

p<0.05 with the serum TAG concentration in both female and male subjects and with 

TC/HDL-C ratio (p<0.05) only in male subjects. 

4.7. Physical activity 

 

Physical activity of the study population (n= 412) was determined by two methods 

recommended by the World Health Organization (page63). Using the first method, the 

occupational physical activity of the population was graded as sedentary, light, 

moderate, and heavy. And leisure-time physical activity was graded in terms of 

number of times the activity was performed within a week such as never, less than 

once a week, once to twice a week, thrice or more than thrice a week obtained. 

 

The second method that was used to determine physical activity, involved the 

computation of physical activity levels (PALs) arrived at by summing up physical 

activity ratios (PARs) for specific occupational, leisure–time and other activities over 

the day. This numerical value was divided by 24 (hrs) to obtain an overall PAL for the 

study subject. 

4.7.1. Occupational physical activity 

 

Occupational physical activity of 412 study subjects was obtained and graded 

according to the WHO classification (77) as sedentary, light, moderate and heavy. The 

number (and percentage) of subjects in each occupational physical activity category 

was determined. 
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The frequency distribution of the population’s physical activity, occupation-wise, is 

shown in figure 4.23. 

 

 

 

 

 

 

 

 

As the figure shows, the majority of the study population was engaged in occupational 

activities, light (n=183, 44.2%) and sedentary (n=117, 28.3%). Of the remaining 

subjects, 99 (23.9%) were engaged in occupations with moderate physical activity, 

whereas 13 (3.1%) were engaged in occupations involving heavy physical activity. 

 

4.7.1.1. Occupational physical activity - gender wise 

 

Occupational physical activity of male subjects (n = 175) and female subjects (n = 235) 

was separately analysed. The result of this analysis, in the form of percentage of male 

subjects and female subjects, under respective occupational physical activity category 

is shown in figure 4.24. 

 

Sedentary behaviour was seen in 37.3% of male subjects and 21.7% of female 

subjects. A higher percentage of female study subjects (57.5%) in comparison with 

male subjects (27.1%) were engaged in light occupational physical activity and, only 

male subjects (7.4%) were engaged in heavy physical activity. 

 

 

Figure 4.23. Occupational physical activity distribution. 
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4.7.2. Leisure time physical activity 

 

The leisure time physical activity (exercise and sport) of male subjects (n = 175) and 

female subjects (n = 235) showed that 280 subjects (67.6%) did not have any leisure 

time physical activity. The remaining subjects had varying degrees of leisure time 

physical activity; 15 subjects (3.6%) did physical exercise lesser then once a week, 38 

subjects (9.2%) did physical exercise 1 to 2 times a week, 77 subjects (18.6%) did 

physical exercise more than thrice a week. 

 

4.7.2.1 Leisure time physical activity – gender wise 

 

Leisure time physical activity of male subjects (n = 175) and female subjects (n = 235) 

when separately analysed gave the result shown in table 4.45. Of the study subjects, 

56% of male subjects did not perform leisure time physical activities such as exercises 

or sports. 

 

Female subjects (%) 

Male subjects (%) 

Occupational physical activity 
Sedentary Light       Moderate   Heavy 

Figure 4.24. Occupational physical activity - gender wise. 
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Table 4.45. Leisure time physical activity, frequency per week – gender wise. 

 

 Leisure time physical activity −frequency (number of times / week) 

nil <once 1 - 2 >3 

Gender n' % n' % n' % n' % 

Male   98 56.0 7 4.0 21 12.0 49 28.0 

Female 182 77.4 8 3.4 17 7.3 28 11.9 

 

Of the female subjects, 77% did not perform appreciable physical activities. Thus 

physical inactivity or sedentary behaviour was a characteristic of this urban study 

population, in the large majority. Nearly 28% of male and 12% of female subjects 

performed leisure time exercises / sport >3 times a week. On the whole the male 

subjects engaged themselves in leisure time physical activities more than the female 

subjects, highlighting a gender difference. 

 

4.7.3. Physical activity level (PAL) 

 

Physical activity levels (PALs) that encompass a sum total of physical activities, 

occupational, household and leisure-time, was determined in a population of 410 study 

subjects. The overall PAL level of the population was 1.57  0.25 (mode 1.55; SEM  

0.001). This PAL value (1.57), lies below 1.75, the desirable physically active cut-off 

point. Thereofre the study population is not adequately physically active and their 

lifestyle may be one of sedentary to limited activity. Hence, the data was further 

analysed to study the frequency of distribution of the study subjects under the 

physical activity levels, <1.55 (sedentary lifestyle), 1.55 – <1.75 (limited activity) and 

1.75 (physically active). 
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The results of this analysis are shown in table 4.46. The results in the table 4.46 

revealed that, of the 410 study subjects, 233 subjects (56.8%) had a PAL value below 

1.55. Thus, nearly 57% of the population had a sedentary life style. 

 

Table 4.46. The study population distribution according to PAL. 

 

PAL value 

Subjects (n=410) 

n'                    (%) 

 

<1.55 

 

233                 56.8 

1.55 – <1.75   83                 20.3 

1.75   94                 22.9 

 

  

Another 83 subjects (20.3%) had a PAL value in the range 1.55 to <1.75. These 

subjects therefore belonged to the limited physical activity category of life style. The 

remaining 94 subjects (22.9%) in having a PAL value 1.75 were physically active. 

Thus, the large majority (77.1%) of the study population had a PAL value <1.75, 

indicating a lifestyle insufficient in physical activity. 

 

4.7.3.1. Physical activity levels − age-wise and gender-wise 

 

PAL values (mean  SD) of the 410 study subjects in age categories 20 – 29, 30 – 39, 40 

– 49, 50 – 59, 60 – 69 years and gender categories, were determined. The findings are 

displayed in table 4.47. 

 

Male study subjects in general had a mean PAL higher than the female subjects, 

excepting in the age group 60 – 69 years. In the age group 60 – 90 years females had a 

small drop in PAL and males had a significant drop in PAL. 
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Table 4.47. PALs gender-wise and age-wise. 

 

Age group 

(years) 

Male Female 

Mean SD (n) Mean SD (n) 

 

20 – 29 

 

1.71 

 

0.30 

 

52 

 

1.50 

 

0.20 

 

46 

30 - 39 1.62 0.28 53 1.51 0.17 66 

40 - 49 1.63 0.31 42 1.54 0.20 74 

50 - 59 1.59 0.31 28 1.52 0.17 40 

60 - 69 1.17 ----   1 1.44 0.21 8 

 

The above tabular results were converted to the figure shown below (Figure 4.25) for 

easy visualisation of the change of PAL (mean) with age. 

 

 

 

 

 

 

 

 

 

Male subjects showed a decreasing trend in PAL with age. The female subjects 

maintained a fairly steady PAL through ages as shown by the trend line (Figure 4.25). 

 

4.7.3.2. Physical activity level in relation to the BMI 

The mean PAL value (SD) of the study subjects (n = 410) under the respective BMI 

kg.m-2 categories <18.5, 18.5 –24.99, 25 –29.99, >30 was determined. The findings are 

shown in table 4.48. 

1.63 1.59 1.17

1.5 1.51 1.54 1.52 1.44

1.621.71

20 – 29 30 - 39 40 - 49 50 - 59 60 - 69

Male 

Female 

Age (years) groups 

Figure 4.25. Mean PAL values gender wise and age wise. 
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Table 4.48. PAL in relation to the BMI. 

BMI (kg.m-2) 

category 

               PAL       Subjects (n=410) 

Mean SD n (%) 

 

<18.5 

 

1.65 

 

0.23 

 

  32 

 

  7.8 

18.5 – 24.99 1.60 0.27 167 40.7 

25 – 29.99 1.55 0.23 152 37.1 

>30 1.49 0.21   59 14.4 

 

It was evident from the results in the table that as the BMI rose, the mean PAL value 

decreased. In the desirable BMI category (18.5 – 24.99) of subjects, PAL was 1.60  

0.27. From this it was inferred that despite a desirable BMI, this category of subjects 

(n – 167, 40.7%) were not adequately physically active (PAL <1.75). The next higher 

BMI category, 25 – 29.99 kg.m-2 had a limited activity lifestyle. 

 

The obese category (BMI >30 kg.m-2), having a mean PAL value of 1.49 had almost a 

sedentary lifestyle (PAL <1.55) with almost little or no occupational and leisure-time 

physical activity. The correlation, negative, between the PAL and the BMI was 

significant at 0.01. Low PAL was seen in both male and female subjects in diverse age 

categories (20 – 70 years) and in occupations such as housewife, unemployed, business 

major and administrative. 

 

The study population (n = 410) was subdivided into broad BMI subcategories, <25 

and 25 kg.m-2 and the number (and percentage) of subjects with PAL values <1.75 

and 1.75 was determined. The results of this analysis are presented in table 4.49. 
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Table 4.49. PAL related by body mass index. 

 

 

PAL value 

Body mass index (kg.m-2) 

<25 25 

n (%) n (%) 

 

<1.75 

 

145 

 

72.9 

 

172 

 

81.5 

1.75 54 27.1 39 18.5 

 

 

Of the subjects, (n = 199) with the BMI <25 kg.m-2, 72.9% (n=145) had a PAL <1.75 

and 27.1% (n = 54) had a desirable PAL value, i.e. 1.75. And, of the subjects with 

the BMI 25 kg.m-2, 81.5% (n = 172) had a PAL value <1.75 and 18.5% (n = 93) had 

a PAL value 1.75. A desirable level of physical activity (PAL 1.75) was noted in the 

BMI categories, <25 and 25 to the extents. 27.1% and 18.5%, respectively. And, an 

insufficient level of physical activity (<1.75) was noted in the respective desirable and 

undesirable BMI categories, to the extents, 72.9%and 81.5%. A statistical significance 

at 0.05 level between the PAL and the BMI was found. Thus, an overwhelming 

inadequacy of physical activity (PAL < 1.75) was found in the. overweight study 

subjects. 

 

4.7.3.3. PAL and overweight - multiple regression analysis 

 
Multiple regression analysis of PAL and age against the dependent variable BMI 

showed that the PAL had a significant effect on the BMI with a standardised beta of –

-0.167. The beta value was significant at 0.01. The independent variable age also had 

an effect on PAL significantly (beta 0.227 significant at 0.01). PAL and age were found 

to affect the BMI significantly. Even after controlling the age, the impact of PAL on 

the BMI was significant. The relationship, which is distinct, between PAL and BMI is 
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negative. This permits the conclusion that low PAL will lead to overweight and vice 

versa. 

 

4.7.4. PAL in relation to the waist to hip ratio 

 

The PAL, in study subjects isolated gender-wise (176 males and 234 females) was 

studied relative to the waist to hip ratio. The findings in the male subjects are 

presented in the table 4.50. 

 

Table 4.50. PAL by the waist to hip ratio – male subjects. 

PAL Waist to hip ratio 

<0.88 >0.88 

n (%) n (%) 

 

<1.75 

 

25 

 

62.5 

 

87 

 

64.0 

1.75 15 37.5 49 36.0 

 

The results in the table revealed that, in the male study subjects, in the WHR 

subcategory <0.88, 62.5% of subjects had a PAL <1.75 and 37.5% had a PAL 1.75. 

In the WHR category >0.88, 64% of subjects had a PAL <1.75 and 36% had a PAL 

1.75.  

 

The findings in the female subjects (n = 234), PAL versus WHR are presented in table 

4.51. 

 

Of the female subjects in the WHR category <0.85, 84.9% of subjects had a PAL 

<1.75 and 15.1% had a PAL 1.75. In the WHR category >0.85, 89.2% of subjects had 

a PAL <1.75 and 10.8% had a PAL 1.75.  
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Table 4.51. PAL by the waist to hip ratio – female subjects. 

PAL Waist to hip ratio 

<0.85 >0.85 

(n) (%) (n) (%) 

 

<1.75 

 

73 

 

84.9 

 

132 

 

89.2 

1.75 13 15.1 16 10.8 

 

Although the percentage of subjects in the PAL category 1.75 was higher (15.1%) in 

the <0.85 WHR category than in the >0.85 WHR category (10.8%) implying, albeit 

superficially, a negative relationship between the PAL and the WHR, such an 

association could not be consolidated statistically.  

 

4.7.4.1 PAL and waist to hip ratio - Multiple regression analysis 

 

Cross tabulation between PAL and WHR did not show a significant influence of PAL 

on WHR. But, when multiple regressions was used to analyse the effect of  

 

PAL and age against the dependable variable WHR in male subjects after controlling 

for age, the effect of PAL on WHR was statistically significant with beta − 0.131 and p 

= 0.03. Multiple regression analysis did not show statistically significant relationship 

between PAL and WHR in female subjects. The relationship, which was distinct 

between the PAL and the WHR was negative. This permits the conclusion that a low 

PAL will lead to high WHR. 

 

4.8. Familial predisposition and its relation to the body mass index 

 

Body mass index of father and mother (in adulthood) were recalled by the study 

subjects by viewing photographs with designated BMI values. The BMI values of 
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parents thus deduced were segregated under BMI categories, <20, 20 - 24, 25 – 29, 30 

– 34, >35 and the number and percentage of study subjects under each BMI category 

were determined. 

 

In case of brother/s and sister/s, a score representing their body frame was obtained. 

This score was compared with the BMI of the study subjects to assess familial 

predisposition. 

 

4.8.1. Paternal influence on the BMI 

 

From the results obtained as above, the frequency of paternal BMI distribution was 

elicited. The BMI (mean  SD) of study subjects (n=405) in relation to paternal BMI is 

shown in table 4.52. 

 

Table 4.52. Study subjects’ BMI in relation to the paternal BMI. 

 

Paternal BMI (kg.m-2)  Subjects (n=405) BMI of son / daughter 

(= study subjects) 

(n) (%) Mean SD 

 

<20 

 

  78 

 

18.8 

 

24.4 

 

4.6 

20 – 24.9 164 39.6 24.5 4.3 

25 – 29.9 113 27.3 26.0 5.0 

30 – 34.9   41   9.9 26.9 4.2 

>35    9   2.2 29.4 5.5 

 

Form the results in the table it was evident that there was an increase in the mean 

BMI of the study subjects paralleling the increase in paternal BMI. The paternal and  
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study subjects’ BMI had a relationship statistically significant (ANOVA, F=4.8, 

p=0.01). 

 

4.8.2. Maternal influence on the BMI 

 

BMI (mean  SD) of study subjects related to maternal BMI is shown in table 4.53. 

Table 4.53. Study subjects’ BMI in relation to the maternal BMI. 

 

Maternal BMI  

(kg.m-2)  

Subjects 

(n=403) 

BMI of own son / daughter 

(= study subjects’) 

(n) (%) Mean SD 

 

<20 

 

  95 

 

22.9 

 

24.7 

 

4.6 

20 – 24.9   97 23.4 24.5 4.6 

25 – 29.9 191 46.1 25.7 4.8 

30 – 34.9   17 4.1 26.8 4.7 

>35    3 0.7 27.0 3.3 

 

From the results displayed in table 4.53 it was evident that there was an increase in 

study subjects’ (= siblings) mean BMI paralleling the increase of the maternal BMI. 

The maternal and study subjects’ BMI had a relationship statistically significant 

(ANOVA, F=4.8, p=0.01). 

 

4.8.3. Association of study subjects’ BMI with the BMI of siblings 

 

Further to the assessment of a likelihood of paternal and maternal influence on their 

sibling’s (study subject’s) BMI, an association of brothers’ and / or sisters’ BMI on 

the study subject’s BMI was examined. The BMI (mean  SD) of the study subjects 

were related to the familial predisposition score obtained for brother (s) and / or sister 

(s). The results of this analysis are shown in table 4.54. 
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Table 4.54. Study subjects’ BMI in relation to the brothers’ / sisters’ BMI. 

 

Familial predisposition 

score 

BMI of related study subjects 

(n=398) 

(n) Mean SD 

 

<2 

 

  79 

 

24.1 

 

4.4 

2 - 4 178 24.8 4.1 

4 - 6   98 25.7 5.0 

>6   43 27.4 5.4 

 

From the results displayed in the table 4.54 it was evident that there was an increase 

in the study subjects’ mean BMI paralleling the increase in their sibling’s BMI. The 

study subjects’ and siblings’ BMI had a relationship statistically significant (p=0.01). 

 

The above findings paved way to the contention that BMI of the study subjects had a 

familial predisposition. The familial influence on the BMI could be seen vertically 

from father and / or mother. A horizontal association with brother’s and sister’s BMI 

was also evident. 

 

4.9. Impact of associated factors (dependent variables) on the BMI 

 

The mutual effect of the three factors, heredity (familial predisposition), age and PAL, 

(independent variables) on the BMI (dependent variable) was determined by 

multivariate analysis. The mutual impact of familial predisposition, age and PAL on 

the BMI was prominent and statistically significant at p = 0.001 (ANOVA). 

 

The strengths of the influence, the three independent variables (familial 

predisposition, age and PAL) had on the dependent variable (BMI) were determined 

by multiple regression analysis. The standardised beta coefficients of familial 

predisposition, age and PAL were 0.098, 0.238, 0.159 and the respective significances 
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were 0.043, 0.000, and 0.001. Thus the three independent variables, familial 

predisposition, age and PAL had a significant effect on the BMI after controlling each 

other. 
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CHAPTER  5 

 

DISCUSSION 

 

 

5. Reiteration of objectives of the study 

 

This research study basically focussed on the body mass index (BMI) of an urban 

healthy adult population in Sri Lanka. The need for a study of this nature was due, 

mainly to paucity of information applicable to urban dweller of Sri Lanka. The 

study also aimed at evaluating associations of BMI with abdominal fat deposition 

determined by WHR. Objectives of the study also envisaged to assess the influence 

of familial predisposition on BMI and also the influence of physical activity on 

BMI and WHR. Further, as overweight (preobesity and obesity determined by 

BMI >25 kg.m-2) and truncal obesity (determined by increased WHR) can 

predispose individuals to hypertension, hyperglycaemia and dyslipidaemia, these 

aspects were also incorporated into this study.  

 

5.1. The study subjects 

 

The subjects for this study were drawn from a selected urban locality, the 

Wattegedara Grama Sevaka Division in the Colombo district. They were adults, of 

both genders. Their ages ranged from 20 to 70 years (Table 4.1). The mean age of 

the male subjects was 37.9 years. And the mean age of the female subjects was 40.9 

years. 

 

The number of persons eligible for the study was 3700. Personal invitations for 

participation in the study were effective in gathering a sample from this eligible 

population. Accordingly, 43.8% (n = 1620) of the eligible subjects responded to the 

invitation. Those who abstained were 56.2% (n = 2080). The reason for non-
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participation was not probed into, nor researched into. Perhaps those who were 

healthy according to their judgement did not think it was necessary to undergo a 

health check. Others may not have been able to spare the time. Still some may have 

had health checks done elsewhere. It is also known that in research studies full 

voluntary community participation cannot be obtained.  

 

It is reiterated that only the persons who willingly responded to the invitation, with 

no compulsion on the part of the researcher were included in this research study. 

Perhaps, they wanted to know about their health and well-being and also obtain 

benefits of a free health check together with medical advice. 

 

The study was to deal with anthropometry, physiology and biochemistry of 

‘apparently healthy’ subjects. This necessitated elimination of obviously unhealthy 

subjects. Accordingly, the 1620 consenting subjects were screened, preliminarily, 

at the researcher’s Family Practice Centre. 

 

The 1620 subjects were screened in the first phase of the study. In this phase, 

subjects were screened to ascertain the presence of criteria for exclusion (3.5.3.2). 

The exclusion criteria covered, previously diagnosed clinical ailments, undesirable 

habits and drug therapies. Thus the subjects who had previously diagnosed 

ailments; endocrine disorders, metabolic disorders, hypertension and mental 

disorders were excluded. Also, those who could be considered as confirmed 

‘smoker’, ‘heavy drinker’ were excluded. Subjects on long-term drug therapy that 

could imbalance the general metabolism, hence affect the BMI, were also excluded. 

 

Of the 1620 subjects who consented to participate, 379 (23%) in possessing such 

exclusion criteria were not retained in the study. The primary intension of the 
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exercise was to select study subjects ‘apparently healthy’. Therefore a discussion 

on the excluded subjects will not be presented. 

 

The subjects not excluded, but included in the further study were 1241 (77%). 

These subjects were free of previously diagnosed clinical ailments. At this stage the 

researcher had not medically examined the subjects. Therefore, the presence of 

ailments, unknown to the subject that negate the subject as a healthy one could be 

expected. Hence the subjects were considered ‘apparently healthy’, not definitely 

healthy. 

 

Although 1241 subjects were available, a decision was made to scale down the 

study sample in keeping with scientific and statistical norms. Accordingly, a study 

sample comprising 414 study subjects was selected from the 1241 subjects (i.e. 

33.4%). The method used for the selection of the 414 study subjects from 1241 

subjects, employed the random number tables. The 414 were made up of 173 

(42.8%) male subjects and 237 (57.2%) female subjects. 

 

5.2. Study parameters and respective study sample sizes 

 

All the 414 subjects were used for the first phase of the study. This phase included 

socio-demographic data collection, anthropometric determinations and 

determination of blood pressure. 

 

Under the socio-demographic data, the information gathered from the subjects 

were, gender, age (in years) occupation, monthly income (in rupees per month) 

physical activity profile (routine occupational and leisure-time activities). 

 

Under the anthropometric determinations, the measurements obtained from the 

study subjects were; body weight (kg), standing height (m), hip circumference (cm) 
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and waist circumference (cm). Further, to assess the familial predisposition to 

BMI, the subjects were made to recall the BMI of parents and brothers / sisters 

using the ‘body mass index to figural stimuli’ technique (17). 

 

Blood pressure (systolic and diastolic in mmHg) was determined in the sitting 

position. 

 

All subjects who completed the first phase of the study were invited for the second 

phase of the study, which was Biochemical. It turned out that not all the 414 

subjects did return. Only 157 subjects (38%) appeared for the fasting blood 

plasma glucose determination. And, of these 157 subjects, only 128 subjects (81%) 

took up the oral glucose challenge test for the determination of the 2-hour post-

glucose-load plasma glucose concentration. 

 

After completion of the above glycaemic status study, the study subjects were given 

appointments for blood serum lipid analysis (lipid profile), at a later date. For the 

lipid study, of the 414, only 162 subjects (39%) turned up. 

 

5.3. Participants, non-participation and dropouts 

 

The aspects, laxity, absenteeism and withdrawal halfway, as evident in this health 

study are worth a discussion. The total number of adults who would have joined 

this research study was 3700. However, only 43.8% (n=1620) showed willingness to 

participate and 56% abstained. 

 

The researcher did not to enquire as to why 56.2% did not want to participate in 

this study despite assurance of health benefits obtainable and with no financial 

involvement on the part of the subject. Perhaps, the reasons would have differed 

from one subject to the other. The plausible reasons would have been (a) time 
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constraint (b) personal dislikes (c) other involvements / commitments (d) 

satisfactory health (e) lack of illness (f) not to be a ‘Guinea pig’ for research (g) 

avoidance of activities involving masses (i) aversion to learn about latent illness, 

etc. It is human nature to question a venture. The researcher never knew the true 

reason for subjects disagreeing to participate in the study. For that matter, the 

true reasons or motives that led to participation on the part of others also remain 

vague. 

 

The next feature pertaining to study subjects was the aspect of ‘withdrawing’ from 

the study at a later stage (mid-way). Of the 414 subjects, screened and selected, 

only 157 turned up for fasting blood plasma glucose determination. Those who did 

not present themselves for this test amounted to 257 subjects (i.e. 62%). The 

reasons for this high drop out rate are not known. 

 

Further, of the 157 subjects, only 128 remained for the continuation of the 

glycaemic status study. From those who gave blood for the fasting glucose 

concentration determination (n = 157), 29 subjects (18.5%) left without presenting 

themselves for the oral glucose challenge test. Why did the subjects abandon the 

second half of this biochemical investigation? The subjects concerned may have 

thought it an unnecessary extension to blood glucose analysis. Perhaps, they could 

no longer bear up the hunger. 

 

Blood lipid analysis was done next. A clamour by many healthy adults for the lipid 

profile, despite at a cost, has become a ‘fashion’ nowadays. Despite a free of cost 

offer (the cost being borne by the researcher), only 162 subjects (39%) attended 

the lipid study. 

 



 152 

Whether poor participation in biochemical studies was due to fear of invasiveness 

of biochemical tests, fear of abnormalities being detected, dislike for repeated visits 

to the medical centre or for other reason is not clear. 

 

The results presented in the thesis and the ensuing discussions are based on the 

findings in 414 subjects pertaining to anthropometric measurements, 157 subjects 

(38%) pertaining to fasting glycaemic status, 128 subjects (31%) pertaining to 

glycaemic status in response to oral glucose challenge and 162 subjects (39%) 

pertaining to lipid status. 

 

5.4. Characteristics of the study subjects 

 

The characteristics of the study population summed up and evaluated in the 

context of the BMI, the principal parameter under study were locality of residence, 

sex, age, marital status, education, employment, income and the nutritional status. 

 

The locality of residence of the study population was urban.  The population was 

an adult population. Of the total study sample (n = 414), 177 were male and 237 

were female. The age span of the population was >20 to <70 years. The mean age 

(±SD) was 39.66 ± 11.02 years. The age profile in number (and percentage) was; 30 

– 39 years 120 subjects (29%), 40 – 49 years 116 subjects (28%), 20 – 29 years 100 

subjects (24.2%), 50 – 59 years 68 subjects ((16.4%) and 60 – 70 years 10 subjects 

(2.4%) (Table 4.1). 

 

It was evident that 97.6% of the subjects (n = 304) were in the ages 30 years to 59 

years. As the BMI related comorbidities afflict more people in the ages 30 years to 

60 years, the study was well represented by individuals within these ages (Table 

4.1). 
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Anyhow, the BMI reference intervals in adults have no stratification, sex-wise and 

age-wise. Therefore, the same cut-off off values was applied in determining the 

degree of occurrence of desirable weight, overweight and underweight in the study 

population (5). 

 

The majority of study subjects (n = 330, 79.7%) consumed meat and fish curry 

though not regularly, together with a rice and vegetable curry meal. Twenty-two 

subjects (5.3%) did not consume foods of animal origin and their staple diet was 

rice with vegetable curry. One is uncertain to what degree these diets would 

influence the BMI, WHR. These factors was not analysed in this study.  

 

The income of each study subject was obtained in rupees per month. The marital 

status of study subjects, where applicable, was used in computing the individual 

income. Income is known to influence the nutrient intake (5). Nutrient intake in 

turn influences the BMI (77). Hence the BMI was assessed in the light of the 

monthly income. 

 

As far as the income was concerned (Table.4.3), nearly 20% of the study subjects 

(n = 81) drew a monthly income less than Rs 5000. Another 37% drew a monthly 

salary > Rs 5000 to Rs 10,000. A salary of Rs 5000 would not have met living 

expenses of the day. A salary between Rs. 5000 to 10,000 would have been just 

sufficient to make the ends meet. If elevated BMI were to be expected due to over 

nourishment, it would be in a 36% (n = 150) of the study subjects. 

 

5.5. Body mass index (BMI) and factors leading to increased BMI 
 

The following discussion is on the BMI data obtained in this study. The findings on 

BMI of this study were assessed in relation to familial predisposition, physical 

activity and also compared with those reported in the literature from Sri Lanka 
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and other countries. The BMI values were evaluated in relation to the cut-off 

values proposed by the WHO and the degree of occurrence of overweight and 

obesity found. 

 

5.5.1. Familial predisposition and its influence on the BMI 

 

Familial studies conducted in the Norway showed that the BMI to be highly 

correlated among first-degree relatives (78). Obese parents have been found to 

produce the highest proportion of obese offspring. Studies on twins and adopted 

children, adjusted for environmental bias, have prompted a genetic influence on 

the BMI in childhood and in adulthood (79). This present study too addressed the 

aspect of familial predisposition. It was evident that there was an increase in the 

mean BMI of the study subjects paralleling the increase in the paternal BMI 

(Table 4.52) / maternal BMI (Table 4.53). The children’s BMI associated 

statistically significantly with the paternal BMI (ANOVA, F=4.8, p=0.01) and the 

maternal BMI (ANOVA, F=4.8, p=0.01). 

 

Also, the increase of BMI of study subjects paralleled the increase of their sibling’s 

BMI (Table 4.54). This association too was statistically significant (p=0.01). Thus, 

the findings of this study consolidated the earlier findings that the BMI is 

influenced genetically. 

 

5.5.2. Physical activity and its influence on the BMI and WHR  

 

Physical activity level (PAL) is a universally accepted concept and an indirect way 

of expressing energy expenditure (5). PAL can easily be computed using the 

documented physical activity ratios (5) without having to determine the BMR, the 

latter being cumbersome and impractical in population studies. The method of 

calculating PAL was discussed in chapter 3. The World Health Organization 
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recognises PAL cut-off values, 1.4, 1.55 – 1.6 and 1.75 distinguishing individuals 

with sedentary, limited activity and physically active lifestyles (5). 

 

Occupational (Figure 4.1) physical activities of 412 study subjects, graded as light, 

sedentary, moderate and heavy showed the distribution in subjects, 183 (44.2%), 

117 (28.3%), 99 (23.9%) and 13 (3.1%) (Figure 4.23). The female (57.5%) in 

comparison with the male (27.1%) was engaged in light occupational physical 

activity (Figure 4.24). 

 

Leisure-time physical activity of 412 study subjects showed that, 289 (70.1%). did 

not have any leisure time physical activity and 15 (2.1%), 38 (9.2%) 77 (18.7%) 

subjects did physical exercise occasionally, 1 to 2 times a week, more than thrice a 

week, respectively (Table 4.45). Of the male subjects, 56% and of the female 

subjects, 77.4% did not perform leisure time physical activities such as exercises or 

sports. 

 

Physical inactivity or sedentary behaviour was a characteristic of this urban study 

population, regardless of gender. This was in agreement with the mean PAL value, 

1.57  0.25, which also indicated a limited activity lifestyle. 

 

In fact, subjects 233 (56.8%), 83 (20.3%), 94 (22.9%) had PAL values <1.55, 1.55 – 

1.75, 1.75 representing a sedentary lifestyle, limited physical activity lifestyle, 

physically active, respectively (Table 4.46). The large majority (77.1%) of the study 

population had a PAL value <1.75, indicating a lifestyle insufficient in physical 

activity (Table 4.46). Gender-wise, male subjects showed a decreasing trend in 

PAL with ageing and the female subjects maintained a fairly steady PAL across 

ages (Table 4.47 and Figure 4.25). 
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This study revealed a statistically significant inverse relationship between BMI and 

PAL in both the genders after controlling for age(Table 4.48,Anexture v). When 

considering the WHR, PAL had a statistically significant inverse relation in the 

male. But, the female did not show a statistically significant relationship between 

PAL and WHR. 

 

The inverse influences of PAL on the BMI and the WHR were shown by James 

(36). Decreases in average daily energy expenditure despite lowering caloric input 

from dietary fat appeared to be the most likely cause of increasing obesity. Thus 

the low PAL according to the present study, which represents low average daily 

energy expenditure appeared to be a salient factor predisposing urban populations 

to overweight. The detection of individuals with a low PAL, calls for strategies to 

improve the PAL. And, a way that is suitable to be advocated by family physicians, 

and perhaps acceptable to patients, has been shown by the WHO (5). The WHO 

whilst stating, “in order to avoid obesity, populations should remain physically 

active throughout life, at a PAL value of 1.75 or more” goes on to show how PAL 

can be increased from 1.55 – 1.60 to 1.75 by an extra hour or so of moderate 

activity which involves gardening or a brisk walk or games such as volleyball. 

 

5.5.3. The BMI range and the mean BMI 

 

BMI was determined in 414 study subjects. BMI ranged from a minimum of 14.1 

kg.m-2 to a maximum of 42.4 kg.m-2. The mean ± SD of the BMI of the 414 subjects 

was 25.21 ± 4.67 kg.m-2. Gender-wise, the mean BMI values for male and female 

subjects were 24.1±3.95 kg.m-2 and 26.0±4.99 kg.m-2. 
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5.5.4. The mean BMI – comparison with previous findings 

 

Only a few published data on the BMI profile of an urban adult Sri Lankan 

population were available for comparison. In 2001, Wijewardena et al (7) in a 

national survey found a mean BMI of 21.4 kg.m-2 for males and 23.3 kg.m-2 for 

females. These values were lower than the mean BMI for the male (24.13 kg.m-2) 

and the female (26.0 kg.m-2) subjects obtained in this study. The national survey 

covered four provinces and included mixed urban and rural populations. But the 

current study was on an urban population and the higher BMI may have been due 

to influences of the urban environment (2). 

 

In the research study of Namonithy conducted in the University of Peradeniya in 

1992 (80), a BMI value of 23.24  3.38 kg.m-2 was found in females and males living 

in the city of Kandy, which too was lower than the BMI obtained in this study 

(25.21 ± 4.67 kg.m-2). Kandy is an urban area and the study population would have 

been somewhat similar to that in the current study. The increase of the BMI seen 

in the current study probably indicated that the BMI of the urban population is 

increasing with passage of time. 

 

The BMI findings of other studies reported from Sri Lanka cannot be used to 

compare with the BMI values obtained in the present study. For example, the 

study of Samarakoon and Sinnathambi (22), Jayasinghe and Wickramasinghe (23) 

and Jayawardena (8) had been conducted on patients, whereas the present study 

was done on apparently healthy subjects. Further, the BMI studies of 

Wickramanayake and Amarasinghe (24) and Chandrasekera and 

Wickramanayake (25), had been conducted in healthy school children. It is worth 

mentioning that the studies in school children brought to light the fact that the 

BMI was higher in urban child compared with rural child. Accordingly, the higher  
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BMI value obtained in the present study in the urban population could have been due 

to the influence of the urban environment. 

 

5.5.5. BMI and obesity – a comparison with findings reported in the literature 

 

The BMI values obtained in this study were analysed using the cut-off values 

recommended by the WHO in 2000 (5). The analysis revealed that 60 subjects (14.5%) 

of the study population were obese, i.e. BMI 30 kg.m-2 (Figure 4.3) . Samarakoon and 

Sinnathambi in 1986 (22) on new admissions to the Colombo General Hospital found 

that 1.7% were obese. However, in 1987, Jayasinghe and Wickramasinghe in a study 

in Sri Jayewardeanepura General Hospital found 20% of new admissions to be obese 

(23). This percentage was much higher than that (8%) found by Jayawardena in 1992 

(8). It can be seen that the degree of incidence of obesity showed wide variations (from 

1.7% to 20%) in the different studies quoted above. 

 

Many overseas studies on obesity in urban communities have been reported. Of 

which, the study of Jervell and Bjerteness in 2001 (12), in an urban adult Palestinian 

population found a 41% prevalence of obesity. The prevalence of obesity in the male 

was 30% and that in the female was 49%. According to the study of Kim et al. (81) in 

South Korean adults, obesity in the male was 1.7% and that in the female was 3.2%. 

This present study revealed an obesity of 7.4% in the male and 20.0% in the female 

(Figure 4.3). Country-wise, there is a wide variation in the prevalence of obesity. 

Obesity was higher in the Middle East Muslim population, intermediate in the Asian 

population and lower in the Far East population. One common feature of all these 

studies was that, female obesity was consistently higher than male obesity. 
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5.5.6. BMI and preobesity 

 

Below the BMI value defining obesity (30 kg.m-2), is preobesity defined by a BMI of 

25 – 29.99 kg.m-2 (5). In the present study a significant number of subjects were 

preobese (n = 152), male 37.5% and female 36.6% (Figure 4.3). These figures were 

much higher than those for obesity. Also, the 37% preobesity was higher than that 

obtained by Kim et al. (81) in a South Korean study. Kim observed a prevalence of 

male and female preobesity of 23.4% and 24.9%, respectively. In the present study, a 

higher, but gender wise nearly identical occurrence of preobesity was seen.  

 

Unless checked and intervened there is a likelihood of the overweight of the preobese 

category becoming obese. 

 

5.5.7. Overweight in apparently healthy populations 

 

The present study and the studies of Namonithy (80), Jervell and Bjerteness (12), Kim 

et al. (81) found overweight (preobese and obese) subjects among healthy adult study 

populations. This is indicative that preobesity and obesity of varying degrees are 

present unnoticed in apparently healthy populations. Hence health care providers will 

have to be mindful of this fact. 

 

5.5.8. Desirable BMI and underweight 

 

In this study 166 (40.8%) subjects maintained a desirable BMI i.e. 18.5 – 24.99 kg.m-2 

(Figure 4.3). Gender-wise, a higher percentage of male study subjects (45.5%) than 

female subjects (36.6%) maintained a desirable BMI (Figure 4.3). However, these 

subjects too would benefit from periodic health checks to ensure that they continue to 

maintain a desirable BMI, lifelong. 
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Underweight, BMI <18.5 kgm-2, was seen in 33 (8%) of subjects (Figure 4.3). Fewer 

male subjects  (9.7%) and also a fewer female subjects (6.8%) were in the 

underweight category. Though this underweight group carries a low risk of 

comorbidities, they are not exempt from undernutrition-related debilities (eg. 

lassitude) and clinical ailments (e.g. malnutrition related diabetes mellitus (MRDM), 

low resistance to infection etc.) (5). Hence these subjects require medical intervention 

of a different nature. 

 

5.5.9. Obesity in age groups 

 

The percentages of obese subjects in ten-year age groups are shown in Figure 5.1  

 

 

 

 

 

 

 

 

 

Percentages of obesity in different age groups are shown above. Obese subjects (BMI 

 30 kg.m-2) were seen in all ages. The percentage of obese subjects increased with the 

increase of age from 20 years to 49 years (also Figure 4.5). This observation indicated 

an early onset to obesity, as early as 20 years of age. The rising trend line (B) suggests 

that with ageing more and more adults could become obese, adding on to the pre-

existing obese, in number. 

A 

B 

C 

age (years) 

20%

13%

20.7%

14%

8%

20-29 30-39 40-49 50-59 60-69

Figure 5.1. Projected trends of obesity 
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The subjects beyond age of 50 years represent the previous generation. And it can be 

seen that the degree to which obesity was present was lower, despite the urban 

environment influencing their way of life at the latter part of life. If a trend line (C) 

was created, interpolating the frequency of obesity in the 50 to 69 year age groups and 

the age axis, it can be seen that obesity would have been non-existent even at the age 

of 39 years, in their generation. It is possible that urbanisation was the cause to 

escalation of obesity in the younger ages. 

 

When a trend line (A) is constructed using the current values of the 20 to 49 year 

groups, an alarming rise in obesity can be predicted, in years to come. So intervention 

is required to prevent the obesity explosion. 

 

5.5.10. Preobesity in age groups 

 

Preobesity (BMI 25 – 29.99 kg.m-2) was present in all age groups from 20 to 69 years 

The percentage preobese in the 20 to 29 year age group was relatively lower (23%) 

than in the ages from 30 to 59 years. (41% - 44%). When compared with the obese, 

the preobese in the respective age group were remarkably higher (Table 5.1). 

 

Age group (years) 20 - 29 30 - 39 40 - 49 50 - 59 60 -69 

 % of subjects in the age group 

 

Preobese 

 

23 

 

41 

 

41 

 

44 

 

20 

 

Obese 

 

8 

 

14 

 

21 

 

13 

 

20 

 

Similar findings emerged in the study of Kim et al. (81), where it was found that 

preobese (23% - 25%) were much higher than obese (1.7% - 3.2%). 

Table 5.1. Comparison of preobesity and preobesity in age categories 
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5.5.11. Preobesity and obesity 

 

The occurrence of overweight in the present study was similar to that found in the 

National Health and Nutrition Examination Survey (NHANES, 1999 – 2000) in the 

United States of America (82). The results of the survey showed that more than 64% 

of US adults ( 18 years) are over the BMI >25 kg.m-2 (either overweight or obese). In 

the present study, overweight was present to the extent of 62% in the 40 to 49 age 

group, almost reaching the overweight figure of the US population. The extent of 

overweight in 30 to 39 and 50 to 59 year age groups were 55% and 54%, respectively. 

  

The distribution profile of overweight subjects across ten-year age groups obtained in 

this study, when compared with what was found in a study in the United States of 

America (83) showed wide differences in the percentage overweight in the respective 

ages (Figure 5.2). 

 

 

 

 

 

 

 

 

 

 

 

The US males were overweight in higher percentages at all age groups than the males 

of the present study population. Further, the trend line of the US males with a positive 

Figure 5.2. Percentage of overweight subjects in age groups – comparison of  

distribution profiles in the US and the Sri Lanka urban locality. 
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slope is consistent with rising overweight with age (Figure 5.2). Whereas the trend line 

horizontal, of the present male study population showed uniformity in the occurrence 

of overweight across age groups. Unlike in the male, in the US female overweight was 

generally lower than that in the female of the present study population. Also, the 

trend line of the US female with a positive slope is consistent with rising overweight 

with age. Whereas, the horizontal trend line of the female population of the present 

study showed uniformity in the occurrence of overweight across the age groups, 

similar to the male counterparts. Differences were evident in the degree of overweight, 

and also the overweight distribution profile relative to age in different countries. Thus 

BMI data from a different population may not be applicable to another population of 

different country. 

 

 

5.5.12. Overweight in healthy people 

 

The data that were brought out in this study go against the belief that overweight is 

not yet a health problem in urban populations of a technologically underdeveloped 

country like Sri Lanka, though it is a health problem in technologically developed 

countries of the West. Recognition of preobesity and obesity falls short of reality due 

to people’s perceptions. Knowing the adversities, if overweight is allowed to escalate, 

people will have to have effective lessons to ‘watch the weight’. It was disheartening to 

learn that ‘Obesity is under-diagnosed and under-treated in hospital outpatient 

department’, as revealed in the study of Cleator et al., conducted in England in the 

year 2002 (84). Cleator et al reported that a ‘Large disparity is evident between 

apparent (4%) and genuine obesity (30%)’. When medical men treating obesity 

related ailments fail to recognise obesity to the extent it should be recognised, it is not 
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unusual for the lay citizen to loose sight of obesity, altogether. This neglect has to be 

overcome in combating overweight and in obesity management. 

 

 

5.5.13. Relationship of gender to overweight 

 

The findings revealed that 38 male and 61 female subjects per 100 study subjects of 

the respective genders were overweight. The female to male ratio of overweight was 

1.6:1.0. Thus female subjects showed a higher degree of preobesity and obesity. 

 

A probable reason for a higher female overweight, apart from the gender influence is 

likely to be due to differences in physical activity levels. This was exemplified by the 

PAL value of the female, 1.52  0.19, which was lower than that of the male, 1.64  

0.30. 

 

Of the female study subjects (n = 155), the majority (n = 125) carried out household 

chores (Figure 4.1). The type of occupational physical activity accordingly, was ‘light 

activity’.  Further, leisure-time physical activities performed by the overweight female 

subjects were wholly inadequate. Approximately 77% of female subjects performed 

no leisure-time physical activity at all (Table 4.45). Thus, inadequacy of physical 

activity amongst other factors (genetics, femaleness, eating habits) may have 

precipitated overweight in the female. 

 

The percentage of females overweight was almost similar in age groups 20 – 29 years 

and 30 - 39 years (58% and 59%). However, in the age group 40 to 49years, 68% of 

female subjects were overweight (Figure 4.6). Somehow, differences in PAL failed to 

explain the different degrees of overweight in the respective female age groups. The 
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subjects in age groups, 20 – 29, 30 – 39, and 40 – 49 years had PAL values of 1.50  

0.20, 1.51  0.17 and 1.54  0.20, respectively (Table 4.47). 

 

In all age groups, female overweight was >18% higher than that in the male, female 

outnumbering male in overweight. The most plausible proposition to justify this 

gender difference appears to be the influence of PAL on the BMI (Table 4.48). The 

correlation between the BMI and PAL was negative in both the genders with the 

influence of PAL on BMI being significant at 0.003 after controlling for age.  

 

5.6. The waist to hip circumference ratio (WHR) 

 

The waist to hip circumference ratio is a parameter equally important as the BMI in 

anthropometry relevant to medical practice (5). The WHR has been long recognised 

as a measure for differentiating desirable from undesirable abdominal fat 

accumulation. WHR is measure to determine truncal obesity and also a predictor of 

specific disorders associated with excess abdominal fat (85, 86). Waist and hip 

circumferences are not routinely measured in clinical practice in Sri Lanka up to the 

present time. 

 

The WHR values obtained from the 414 subjects were analysed gender-wise. The 

relationship that exists between the WHR and the BMI was investigated. The study 

population categories with the desirable and undesirable WHR were determined. 

Analysis was done to reveal associations, if any, between the WHR, monthly income 

and in particular the PAL. Finally, WHR association with hypertension, 

hyperglycaemia and dyslipidaemia was evaluated, separately. 
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5.6.1. Desirable WHR cut-off point 

 

Of the male study subjects (n = 177), 127 (71.8%) had a desirable WHR i.e. <1.0 

(Table 4.7). But, when the cut-off point of 0.88 (Asian) was applied, 40 subjects 

(22.6%) were found to have a desirable WHR i.e. <0.88 (Table 4.8). Fifty male 

subjects (28.2%) had an undesirable WHR (1.0). But according to the Asian cut-off 

point (0.88), 137 male subjects (77.4%) had an undesirable WHR. 

 

According to the WHO recommended cut-off value of 1.0, the ratio between the 

number of subjects with desirable to undesirable WHR was 2.54:1.0 (. And, 

according to that recommended for Asian populations (0.88), the ratio between the 

number of subjects with desirable to undesirable waist to hip ratio was 0.29:1.0. 

Thus an enormous disparity was seen in the occurrence of desirable to undesirable 

WHR in the study population with the two different recommended cut-off points. 

Which of the two cut-off points, 1.0 (WHO) or 0.88 (Asian) is most appropriate had 

to be ascertained. 

 

Determination of correlation of the WHR with the BMI revealed a positive 

correlation, significant at 0.01 for both the genders. Therefore, in the following 

analysis it was presumed that the percentage overweight subjects detected by the 

BMI would be nearly identical to the percentage of subjects with an undesirable 

WHR. The frequency of occurrence of overweight with respect to the BMI and the 

frequency of occurrence of undesirable abdominal adiposity with respect to the 

WHR are presented in Table 5.2. 
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According to the data in table 5.2, the percentage of male overweight subjects with a 

BMI > 25 kg.m-2 were 44.6%. But, the percentage of male subjects with undesirable 

WHR of 1.0 was too low (28.2%). A WHR of 0.88 was too high since 77.4% male 

subjects had this WHR.  

 

Table 5.2. Percentage of subjects with undesirable WHR compared with 

the percentage of subjects with undesirable BMI. 

 

Male Parameter: 

cut-off point 

Undesirable adiposity 

n                 % 

WHR: 1.0 50 28.2 

WHR: 0.88 137 77.4 

BMI: 25 kg.m-2 79 44.6 

WHR:  0.95 93 52.5 

Female WHR:  0.85  150 63.3 

BMI: 25 kg.m-2 133 56.1 

 

Both WHR values reflecting undesirable abdominal adiposity failed to match 

undesirable general-whole-body adiposity indicated by BMI. Therefore, it appeared 

that the cut-off point proposed by the WHO (5) and that proposed by Singh et al. 

(11) for Asian male populations were not applicable to the present study population. 

However, when the WHR data gathered in the study were treated with theoretical 

WHR cut-off points, a WHR of 0.95 was found fitting. The percentage of subjects 

with WHR >0.95 (52.5 %,) was somewhat closer to the percentage with overweight 



 168 

with BMI >25 kg.m-2 (44.6%). Therefore, it is possible that the ideal WHR cut-off 

point applicable to Sri Lankan male population may be more suitable to be 0.95. 

This deduction was further reinforced on the strength of the accuracy of the WHR 

cut-off point (0.85) applicable to the female gender. 

 

In the female subjects, 63.3% had a WHR >0.85 indicating truncal obesity. General 

overweight reflected by a BMI >25.0 kg.m-2 was seen in a closer number of subjects 

(56.1%). It follows that general overweight and truncal obesity were somewhat 

identical at the cut-off values assigned to female. Thus, it appears that the cut-off 

value adopted by the WHO seems to be appropriate for the Sri Lankan female 

population. 

 

5.6.2. Influencing factors on the WHR 

 

The various factors that influence the WHR, as evident from the study are revealed 

below. The factors under analysis are gender, age, occupational plus leisure-time 

physical activity (expressed in terms of PAL) and the monthly income. Establishing 

clearly, the effect of these factors on the WHR, and the knowledge derived would be 

applicable in the diagnosis, prevention and treatment of obesity. 

 

The study clearly brought out a gender difference of the WHR (Table 4.6). Male 

subjects had a higher WHR (0.94  0.07) than the female subjects (0.88  0.09). This 

was in agreement with the universally known fact (5). Therefore, in medical practice 

a common WHR cut-off point cannot be used in Sri Lankan people, although a 

common WHR of  1.0 has been proposed (by the US National Centre for Chronic 
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Disease Prevention and Health Promotion in 2004) for males and females ‘at risk’ in 

the US (6). 

 

The findings of this study established the positive influence of age on the WHR 

(Figure 4.9). The WHR in age categories 20 – 29, 30 – 39, 40 – 49, 50 – 59, 60 – 69 

years were 0.86±0.08, 0.91±0.08, 0.93±0.09, 0.94±0.08 and 0.96±0.04, respectively. 

The correlation of the WHR with age was significant at 0.01. With growth and 

advancing age, WHR increased (Figure 4.9). 

 

A mean WHR >0.85 was found in the female occupation categories (Table 4.11); 

administrative / professional (n = 13, 0.87  0.08), business minor / major (n = 23, 

0.89  0.07 / n = 4, 0.90  0.14), housewife (n = 125, 0.90  0.08) and also unemployed 

(n = 6, 0.90  0.08). In the male subjects a WHR >0.95 was found in the occupation 

categories (Table 4.10); administrative / professional (n = 38, 0.98  0.05), business 

minor / major (n = 44, 0.95  0.07 / n = 8, 0.98  0.08), and also pensioner (n = 5, 1.01 

 0.05). All the above subjects had a PAL <1.75. PAL correlated with WHR in the 

male (p <0.05) after controlling the age. But in the female a strong association 

between PAL and the WHR was not evident. 

 

The WHR increased steadily with increasing monthly income (Table. 4.12). In the 

income ( rupees per month categories), <5000, >5000 – 10,000, 10,000 – 20,000, 

>20,000, the WHR values were, 0.89  0.08, 0.90  0.08, 0.92, 0.09, 0.93  07, 

respectively. Thus the mean WHR increased steadily and also significantly with 

increasing monthly income. The likely factor for this association could be nutrition. 

Although information on nutrition was obtained from the study subjects, due to the 
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complex and non-mathematical nature of the data, it was not possible to draw a 

relationship between nutrition and WHR. However, it was recognised that the 

income has to be taken into consideration as a factor that influences the WHR. 

 

It was clear that the age, PAL (in the male) and the monthly income had significant 

influences on the WHR. Therefore, in family practice, in the prevention, diagnosis 

and treatment of obesity, the interrelated factors gender, age and income level 

relating to nutrition and also the physical activity level will have to be taken into 

consideration. 

 

5.7. Blood pressure and its association with the body mass index and the waist to hip  

circumference ratio 

 

A relationship between obesity and hypertension has been documented (5). It had 

been shown that, age-adjusted prevalence of hypertension rose with rising BMI. 

(83). Namonithy (80) found that BMI of a group of hypertensives was 24.13  2.38 

kg.m-2, and that in a normotensive control group was BMI of 23.24  3.38 kg.m-2.  

 

Jayawardena, in his study (8) found that hypertensives were 17.8% among 

overweight patients and 9% among the desirable and lower BMI patients. 

Wijewardena et al. (7), in their national survey found a 21.2% prevalence of 

hypertension and the most significant risk factor for hypertension as a WHR > 1.0. 

A BMI <25 kg.m-2 was a significant preventive factor. 
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Mendis et al (87) in a study in Sri Lanka found that approximately 435 people per 

thousand (1000) population suffer from hypertension. The present study revealed 

that 1.4% had systolic hypertension (BP, >140 mmHg) and 7.5% had diastolic 

hypertension. Mixed systolic and diastolic hypertension was found in 8.2%. Thus, 

approximately 17% of the study subjects had undiagnosed hypertension though the 

condition had not been diagnosed before the study. Therefore, it is reasonable to 

assume that there could be people suffering from hypertension in apparently 

healthy populations. So in family practice, family physician must monitor blood 

pressure routinely in all adults, thereby aiming to detect previously undiagnosed 

hypertensives. 

 

In the subjects with BMI ≥25 kg.m-2, systolic and diastolic hypertension was present 

to the extents 15.1% and 25.0% respectively (Table 4.19). In the BMI <25 kg.m-2 

subjects, systolic and diastolic hypertension was present in 4% and 5.9%, 

respectively (Table 4.19). The odds ratio, 4.3 for systolic blood pressure and 5.27 for 

diastolic blood pressure indicated that overweight subjects were 4-times more likely 

to develop systolic hypertension and 5-times more likely to develop diastolic 

hypertension than those with a desirable BMI. This study revealed that obesity was 

a predisposing factor for hypertension. It was also evident that not all obese were 

hypertensives. The BMI cannot be singled out as the only factor that exacerbates 

hypertension. Age is also prime factor, on the basis of which hypertension related to 

obesity has to be analysed. In this study, even after controlling for age, the influence 
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of BMI on blood pressure was found to be statistically highly significant (multiple 

regression: beta systolic 0.291, beta diastolic 0.215; significant at p = 0.01). 

The study of Spiegelman et al.  (88) showed that not only excessive body fat, but also 

the manner of body fat distribution was a factor responsible for hypertension. The 

WHR ratio had been accepted as a suitable indicator for predicting cardiovascular 

risk and hypertension (16). Therefore, an analysis of blood pressure relative to 

WHR appears to be very important. 

 

Analysis of hypertension in the male, based on the Asian WHR cut-off point 0.88 

(11) showed that no hypertensives were present in the WHR <0.88 group (Table 

4.21). All the hypertensives were of the WHR 0.88 category. In the WHR 0.88 

category, systolic hypertensives were 8% and diastolic hypertensives were 19% 

(Table 4.21). 

 

In the female, unlike in the male, systolic and diastolic hypertension was present in 

varying degrees in the desirable (0.85) and the undesirable (0.85) WHR groups 

(Table 4.22). In the desirable WHR group (<0.85), systolic hypertension and 

diastolic hypertension were present in equal percentages (9.2%). In the undesirable 

WHR group (0.85) systolic hypertension and diastolic hypertension were present in 

14% and 20.7%, respectively. In this study, after controlling for age WHR 

correlated significantly (p = 0.01) with blood pressure in both the genders,. 
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Review of literature revealed valuable information from different studies. Sayeed et 

al. (89) in a study in a Bangladeshi rural population (n = 4923) found that, after 

controlling for age and sex, the BMI and WHR significantly correlated with systolic 

and diastolic blood pressure. And, the BMI and WHR (in both sexes) were 

significantly higher in hypertensive individuals. The study of Kapantow et al. (90) 

revealed that in the male, BMI was positively associated with diastolic hypertension 

(p<0.01) and the WHR was associated with systolic hypertension (p<0.01). In the 

female, BMI was positively associated with systolic and diastolic hypertension 

(p<0.001). The WHR was associated with systolic hypertension (<0.01). The study of 

Cameron et al. (91) found that, although the WHR had the strongest relationship 

with hypertension following adjustment for age, hypertension had almost similar 

associations with BMI and WHR.  Further, it was found that in the female, BMI 

had a stronger association with hypertension. In the present study both, BMI and 

WHR had similar impacts on systolic and diastolic blood pressure. The impact of 

overweight on blood pressure could be countered by weight reduction, as seen in the 

study of Schotte and Stunkard in which weight reduction caused a significant 

reduction in both systolic and diastolic blood pressure (92). 

 

The association of BMI and WHR with blood pressure was shown in the foregoing 

discussion. The influence, particularly of the WHR on hypertension was further 

reiterated by Abdul Rahim et al. (12) who found that central obesity reflected by the 

WHR was significantly associated with hypertension. 
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5.8. Serum lipids in relation to BMI and WHR 

 

Serum total cholesterol concentration (TC) of the study population (n=162) was 5.58 

 1.03 mmol.l-1, male and female subjects having 5.49  1.06 mmol.l-1and 5.66 1.00 

mmol.l-1, respectively. TC, desirable (<4.39 mmol.l-1), borderline high (4.40 – 5. 14 

mmol.l-1) and undesirable high (5.15 mmol.l-1), were found in 12.3%, 23.5% and 

64.2% of the study population, respectively. Accordingly, according to the cut-off 

off values recommended for Asian populations 87.7% subjects were 

hypercholesterolaemic, (Table4.36). Study revealed extremely high incidence of 

hypercholesterolaemia in a healthy population according to the cut-off values 

recommended by Singh et al for Asian populations. This high incidence of 

hypercholesterolaemia may contribute to a high incidence of myocardial infarction 

and cerebrovascular accidents in the country such as that (latter) reported in the 

Annual Health Bulletin (3). A possibility also exists, that the cut-off value 

recommended by Singh et al is not applicable to Sri Lankans. Further studies are 

required to determine a suitable cut-off value for serum cholesterol, 

 

According to LDL-cholesterol concentration cut-off points, 2.32 (desirable upper 

limit), 2.33 – 2.81 (borderline high) and >2.82 (high), of the 154 subjects, 14 subjects 

(9.1%) had a LDL-C in the desirable range. And, 27 subjects (17.5%) had a LDL-C 

in the borderline high region. A large majority, 113 (73%) had a high LDL-C. 

 

Of the 156 subjects, 3 (1.9%) subjects and 153 (98.1%) subjects had undesirable 

(<0.90) and desirable (>0.90) HDL-cholesterol concentrations, respectively. 
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Of the 156 subjects, 119 (76.3%) had a TC/HDL-cholesterol concentration ratio 

below 5.0 (favourable) and 37 (23.7%) subjects had a ratio above 5.0 

(unfavourable).  

 

The serum triacylglycerol concentration (TAG) in 157 study subjects was 1.59  0.80 

mmol.l-1. The population distribution within the TAG categories <1.71 mmol.l-1 

(desirable) and 1.71 mmol.l-1 (undesirable) were 67.5% and 32.5%, respectively. 

The male (n = 81) and female (n = 76) subjects had a TAG concentrations, 1.78  

0.91, 1.42  0.65 mmol.l-1, respectively. 

 

Many studies have shown abnormalities in blood (serum) lipids in overweight 

people (89, 83, 49, and 80). The study of Sayeed et al. in Bangladesh (89) brought out 

that the BMI and WHR significantly correlated with serum total TC and serum 

TAG concentrations. Allison and Saunders in a study in North America (83) showed 

that overweight was linked with dyslipidaemia. Also, overweight was associated 

with high serum TC, high LDL-C, low HDL-C and high TAG. 

 

In this present study, the four BMI categories, <18.5, 18.5 - 24.99, 25 – 29.99, >30 

kg.m-2 had serum TC values 5.18, 5.71, 5.47 and 5.68 mmol.l-1. BMI and TC did not 

show a statistically significant relationship in both genders as evident in Table 4.37 

(also Annexure IV and V). This finding differs from what had been reported in the 

literature (89, 83, 49, and 80) in which studies a significant correlation was found 

between TC and BMI. 
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No statistically significant relationship between other serum lipids, LDL-C, HDL-C, 

TC/HDL-C ratio and TAG, and the BMI could be found (Appendix 1V). 

 

With regards to WHR, male subjects (50%) with a desirable WHR had a desirable 

TC. A desirable TC was also found in 10.1% of male subjects but with an 

undesirable WHR. Hypercholesterolaemia (>4.4 mmol.1-1) was found in 50% of the 

male population with a desirable WHR. The majority of male subjects (89.9%) with 

a waist to hip ratio 0.88 had hypercholesterolaemia (Table 4.38). Only 8% of the 

female subjects had, both, a desirable WHR and also a desirable serum TC (Table 

4.38). A desirable TC was also found in 11.7% female subjects, but with an 

undesirable WHR. Hypercholesterolaemia was found in 92% of the female subjects 

with a desirable WHR and 88.3% with an undesirable WHR (0.85) (Table 4.39). 

 

In the male, TAG >1.17 mmol.l-1 was found in the desirable WHR (<0.88) and the 

undesirable WHR (0.88) categories to the extents, 12.5% and 47.1% respectively 

(Table 4.42). In the female, TAG >1.17 mmol.l-1 was found in the desirable WHR 

(<0.85) and the undesirable WHR (0.85) categories to the extents, 8.3% and 28.1% 

respectively. But, a statistical significant association between TAG and WHR was 

seen only in the female subjects (p = 0.01). 

 

In the male, hypercholesterolaemia was associated with an undesirable WHR (odds 

ratio = 8.85). In the female, unlike in the male, hypercholesterolaemia had no 

relationship with the WHR. However, in the female, WHR had a significant 

association (p=0.01) with serum TAG concentration. Thus a gender difference in 
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serum TC and TAG was evident in this study similar to that reported by Solati et al. 

(49). 

 

 

Serum lipids, TC, TAG, LDL-C, HDL-C and the TC/HDL-cholesterol ratio, on 

statistical treatment, failed to show a significant relationship with the BMI 

(Appendix 1V). However, the WHR in females had a significant association (p=0.01) 

with the serum TAG concentration and the TC/HDL-cholesterol ratio (p=0.05) in 

male subjects. Also in the male subjects, serum total cholesterol concentration had a 

significant association (p=0.01) the waist to hip ratio. 

 

5.9. Serum lipids and hypertension 

 

The relationship between obesity and hypertension is well documented. Also, the 

relationship between hypertension and hyperlipidaemia is well documented. Solati 

et al. in the Tehran study (49) found abnormal blood serum lipid elevations in 

hypertensive individuals with abdominal obesity. In the hypertensive (systolic and 

diastolic hypertension) subjects, Solati et al. found increased TC, LDL-C, TAG, with 

lowered HDL-C. Abdul Rahim et al (12) was able to find associations; central 

obesity with hypertension, low HDL-cholesterol and increased serum TAG in 

Palestinians. Namonithy’s study (80) with Sri Lankan urban subjects elucidated 

that the incidence of hypercholesterolaemia was higher in hypertensives. Also, 

serum TC, LDL-C, and TAG were higher in hypertensives in comparison with sex 

and age matched controls.  
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Systolic and diastolic blood pressure increased relative to serum TC. Systolic and 

diastolic blood pressures in the three TC categories, <4.39, 4.40 – 5.14 and 5.15 

mmol.l-1 were, 114.3  17.1, 115.3  14.0, 120.3  16.1 and 74.2  13.3, 77.7  10.8, 

78.6  12.0 mmHg, respectively. The correlation of systolic and diastolic blood 

pressure to total serum cholesterol was significant at p = 0.01 and p = 0.05 level, 

respectively (Appendix 1V). 

 

The TC, undesirable and borderline high levels were found in, 64.2% and 23.5% of 

study subjects, respectively (Table 4.36). In all, 87.7% subjects were 

hypercholesterolaemic. On the other hand, hypertension, systolic and diastolic was 

found in 9.7% and 15.7% of the subjects (Tables 4.16 and 4.17). The TC of, systolic 

(n = 18) and diastolic (n = 31) hypertensives were 6.06 ± 1.05 mmol.dl-1 and 5.85 ± 

1.03 mmol.dl-1. Blood pressure rise paralleled the rise of TC. In this study, 

hypercholesterolaemia was shown to be significantly associated with hypertension (p 

<0.05). 

 

Statistical analysis revealed no significant association of hypertension with LDL-C, 

HDL-C and TAG in this study (Appendix IV). These findings are not consistent 

with the findings of Solati et al. (49), Abdul Rahim et al (12) and Namonithy (80). 

 

5.10. Glycaemic status in relation to BMI and WHR 

 

The study subjects for the investigation of glycaemic status, by selection had no 

previously diagnosed diabetes. Hence the assumption was that the subjects would 

have been normoglycaemic. Study subjects after a twelve-hour fast (n = 157, male 

78, female 79) provided venous blood to determine the fasting plasma glucose 
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concentration (FPG). The same subjects except 29 dropouts (n = 128, male 64, 

female 64) provided venous blood for the determination the 2-hour post-glucose-

load plasma glucose concentration (PPG).  

 

As indicated by FPG, normoglycaemic (FPG, <6.1 mmol.l-1), impaired fasting 

glycaemic (FPG, 6.1 – 6.9 mmol.l-1) and diabetic (FPG,  7.0 mmol.l-1) subjects were 

89.8%, 5.7% and 4.5%, respectively (Table 4.24). According to PPG resulting from 

the brief glucose tolerance test, normoglycaemic (PPG, <7.8 mmol.l-1), impaired 

glucose tolerant (PPG, 7.8 – <11.0 mmol.l-1) and diabetic (PPG,  11.0 mmol.l-1) 

subjects were 78.1%, 13.3% and 8.6%, respectively (Table 4.25). So, according to 

the FPG and the PPG 10.2% and 21.9% subjects were detected with an abnormal 

glycaemic status. The percentage of subjects detected to be hyperglycaemic was two-

fold higher when challenged with oral glucose. Chien et al., in Taiwanese males and 

females (93) found fasting hyperglycaemia to the extents, 11% and 8.3%, 

respectively. 

 

Fernando et al. (94) reported in the year 2000, that the prevalence of diabetes in 

urban Sri Lankans was 5.02%. A higher percentage of diabetics s(by FPG, 4.5% 

and by PPG 8.6%) were detected in the present study (Figure 4.17).  The higher 

percentage of diabetics detected, (i.e. 8.6%) was because of the glucose challenge. 

 

The Annual Health Bulletin of the Department of Health Services (2001), reports a 

dramatic increase in the number of cases hospitalised due to diabetes mellitus, over 

the years (3). In 1980, 66 per 100,000 population and in 2001, 245 per 100,000 
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population had been hospitalised due to diabetes mellitus (3). Also, ischaemic heart 

disease had been on the increase from 1980 (3). 

 

The above stated increases in ischaemic heart disease and diabetes mellitus, at least 

to some extent, may have been due to increases in overweight. However, 

anthropometric data is not available for clarification. But, an association 

overweight with diabetes and hypertension was evident in this study.  

 

Hypertension, diabetes mellitus, hypercholesterolaemia, hypertriacylglycerolaemia 

were found to be associated with obesity in this study. These factors have been 

known lead to occlusive thrombosis resulting in myocardial infarction and cerebral 

infarction (10). 

 

Studies have revealed that general obesity and central obesity were significantly 

associated with diabetes as documented by the WHO (5). Further, more recent 

studies have highlighted links between overweight and hyperglycaemia. The fact 

that reduction of undesirable body weight could bring about better glycaemic 

control (63) further reinforces the association between overweight and diabetes. 

 

In the present study, diabetes may be because of a lifestyle insufficient in physical 

activity. Almost 77% of the study population had a PAL value <1.75 (Table 4.46).  

Although, literature citing PAL in Sri Lankan urban subjects was unavailable, lack 

of physical activity in school leavers has been documents (96). 
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In the present study, according to FPG concentration (>6.1 mmol.l-2) out of 157 

study subjects, 4 subjects (6.0%) below BMI <24.9 kg.m-2 and 12 subjects (13.3%) 

above BMI >25 kg.m-2 were hyperglycaemic (Table 4.28). According to 2-hour post-

glucose plasma glucose concentration (>7.8 mmol.l-2), out of 128 study subjects, 9 

subjects (16.4%) below BMI <24.9 kg.m-2 and 19 subjects (26.0%) above BMI >25 

kg.m-2 were hyperglycaemic (Table 4.29). According to the odds ratio, overweight 

subjects were 2.43 times more likely to have an elevated fasting plasma glucose 

concentration (i.e. >6.1mmol-1) than those who had a desirable non-overweight 

BMI. Also, overweight subjects were 1.73 times more likely to have an elevated 

plasma glucose concentration (i.e. >7.8mmol-1 at 2 hours) in response to oral glucose 

challenge, than those who had a desirable non-overweight BMI. In this study 

obesity was significantly associated with hyperglycaemia. At the time of the study 

some of the overweight (preobese and obese) hyperglycaemic subjects fell into 

impaired fasting glycaemia, others to impaired glucose tolerant and yet others to 

diabetes mellitus types. The newly discovered diabetics according to the glucose 

challenge test predominated (n = 19, 26%) in the overweight BMI category, in 

comparison with 9 subjects (16.4%) in the desirable BMI category (Table 4.29). 

Correlation of fasting plasma glucose with the BMI and 2-hour post-glucose-load 

plasma glucose concentration with the BMI were p = 0.05 and p = 0.01, respectively. 

Thus, according to this study, 2-hour post-glucose-load plasma glucose 

concentration appeared to be a better indicator of diabetes associated with 

overweight. 
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Next, an analysis of hyperglycaemia relative to WHR is presented, as it is known 

that abdominal fat accumulation reflected by the WHR is an independent predictor 

of NIDDM (5, 97). 

Among the male subjects (n = 78), fasting hyperglycaemia (FPG, >6.1 mmol.l-1) was 

detected only in those (n=12, 17.4%) with a WHR >0.88 (Table 4.31). None with a 

WHR <0.88 had fasting hyperglycaemia. However, 57 (82.6%) subjects with a WHR 

>0.88 were normoglycaemic. Among the female subjects (n = 79) fasting 

hyperglycaemia (FPG, >6.1 mmol.l-1) was detected, only in those (n = 4, 7.3%) with 

a WHR >0.85 (Table 4.32). None with a WHR <0.85 had fasting hyperglycaemia. 

However, 51 subjects (92.7%) with a WHR >0.85 were normoglycaemic. In both 

genders hyperglycaemics were present only when the subjects had an undesirable 

WHR. 

 

The odds ratio for fasting plasma glucose concentration related to the waist to hip 

ratio of both genders was >3. This implied that the elevation of plasma glucose 

concentration in the higher waist to hip ratio category was almost three times that of 

the desirable waist to hip ratio category. 

 

With respect to the 2-hour post-glucose-load plasma glucose concentration (PPG), 

17 (30.4%) out of 64 male subjects with a WHR >0.88 had hyperglycaemia (PPG, 

>7.8 mmol.l-1) (Table 4.34). Also, one subject with a WHR <0.88 had 

hyperglycaemia. However, 39 (69.6%) subjects with a WHR >0.88 were 

normoglycaemic. Among the female subjects (n = 64), 9 (21.4%) with a WHR >0.85 

were hyperglycaemic (PPG, >7.8 mmol.l-1) (Table 4.35). One subject with a WHR 
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<0.85 had hyperglycaemia. However, 33 subjects (78.6%) with a WHR >0.85 were 

normoglycaemic. In both genders hyperglycaemics were present predominantly 

when the subjects had an undesirable WHR. There was a positive significant 

correlation (p>0.01) between the 2-hour post-glucose-load plasma glucose 

concentration and the WHR in both male and female study subjects. 

 

Findings of this study were similar to those documented by the WHO (5) and in 

subsequent research (12, 93) that hyperglycaemia (i.e. IFG, IGT and diabetes) is 

associated with an undesirable WHR.  Statistical evaluation showed that in male 

subjects, correlation between WHR and plasma glucose was statistically significant 

(p<0.01) for both FPG and PPG. In the female subjects the correlation between 

WHR and FPG or PPG was not statistically significant. 

 

According to this study cardiovascular risk factors such as hypertension and 

diabetes were associated with increased BMI and WHR. Elevated WHR in addition 

had an association with hypercholesterolaemia. 

 

One reason for a positive relationship of BMI and WHR with cardiovascular risk 

factors had been thought to be due increased influx of free fatty acids to blood in 

people with a higher body fat percentage (14.98, 99). 
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CHAPTER  6 
 

 

LIMITATIONS − CONCLUSION  − RECOMMENDATIONS 

 

 

6.1. Limitations of the study 

 

This research study on obesity and obesity-related physiological and biochemical 

derangements was conducted conforming to scientific method applicable to 

population-based research and laboratory-based research. Data collection was 

carried out with an awareness of the limitations of the methods employed for the 

purpose. Limitations pertaining to the methods and data evaluation are presented 

below. 

 

This study does not represent the entire adult (20 to 70 years) population (n = 

3700) of the urban locality of study. The reasons for not including the 3700 persons 

were threefold. One being, unwillingness to participate on the part of 66% of 

eligible subjects. Drawing these subjects against their will was deemed unethical.  

 

The second reason for not including all the remaining subjects (1620, 44%) was to 

eliminate those with clinically recognised conditions (n = 379) that would affect the 

principal parameter of this study, the BMI. The reason for decreasing the eligible 

population, i.e. 1241 to 414 in accordance with statistical principles was to ensure 

manageability. The researcher was aware that the anthropometric findings of 414 

subjects would not truly represent those of the entire population (n = 3700), but 

believed that the findings in 414 subjects would be consistent with the trend in the 

overall population. 

 

Of the 414 (100%) subjects who provided anthropometric data, only 157 (38%) 

came for fasting blood plasma glucose determination. And, of these 157 subjects, 



 185 

only 128 (88%) subjects took up the oral glucose challenge test. For the lipid study 

conducted at a later date 162 subjects (39%) attended. Absenteeism was the reason 

for the decrease of numbers for the glycaemic and lipid studies. The researcher 

had to accept an unanticipated dropout, over which he had no control. Although 

the number of subjects for biochemical study was reduced, biochemical data 

obtained was statistically adequate to determine relationships with anthropometric 

data. After all, this segment of the study was not meant to develop a biochemical 

database representing the entire population but to draw associations with BMI and 

WHR. 

 

The researcher was aware that the exclusion criteria adopted could have innate 

limitations. Exclusion criterion-1 pertaining to cigarette smoker and smoking 

could reveal variable information. Accuracy of information obtained on the 

number of cigarettes smoked in a day by different subjects could not be assured 

due to ‘quit-and-restart habit’ and variations in the duration of cessation. 

Information gathered on exclusion criterion-2 regarding ethanol consumption too 

could not be highly relied upon due to factors such as ‘casual heavy drinking’ as 

opposed to ‘habitual drinking’, ‘social drinking’ as opposed to ‘silent drinking’, 

variability of type of liquor consumed and shyness to reveal information on 

‘drinking’. 

 

Exclusion criteria 3 through 10 dealt with illnesses affecting metabolism and those 

that restricted nutrient intake or utilisation, which in turn could adversely affect 

the study parameters. Therefore, verbal information given by subjects was 

substantiated with medical records in order to exclude subjects. 
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When obtaining personal information from subjects, the researcher encountered 

difficulties in correctly identifying the employment and knowing the monthly 

income of a few subjects. Certain individuals did not want to identify themselves 

with a lower employment category, nor did some like to reveal their income for 

personal reasons. On the other hand, when income was revealed, no verification 

was made on the information provided, due to personal nature of the information. 

 

PAL, which was determined based on physical activities of occupation and leisure-

time, could not be quantified with a high degree of accuracy, as the determinations 

were semi-quantitative. There could be variations in physical activity ratios 

(PARs) within the same occupation category. Also, there could be day-to-day 

variations in PARs. Even the PAR of leisure-time physical activity was a semi-

quantitative measure and bound to have some variation due to subjects’ mental 

records of time duration and description of the intensity of physical activity. 

However, a gross approximation of PAL, as recommended by the WHO, was 

thought adequate for a study of this nature. 

 

The familial predisposition to obesity was determined by ‘relating BMI to figural 

stimuli technique’ a semi-quantitative – subjective method which involved 

imagination. The accuracy or the inaccuracy of recalled parental and siblings’ 

BMI could not be verified. Also, inaccuracies were anticipated when the recalled 

parental / siblings’ BMI were used to establish an association with the subject’s 

BMI. 

 

Inevitable, inadvertent errors were likely with subjective assessments involved in 

establishing, the occupation, monthly income, PAL and familial predisposition, 

correctly. 
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A ‘one-time’ determination, despite experimental error, was used in ‘labelling’ the 

study subjects as hypertensive, hyperglycaemic and dyslipidaemic. The diagnoses 

would have been more precise if the determination of blood pressure, plasma 

glucose concentration and the lipid profile were repeated, subsequently. However, 

repeat blood chemistry was not possible due to financial constraints, ethical 

considerations and also anticipated non-compliance.  After all, many studies 

reported in the literature have resorted to ‘one-time’ determinations of blood 

pressure, plasma glucose concentration and the lipid profile. Hence, though a 

limitation, the researcher had no option but to resort to ‘one-time’ determination 

of blood pressure and blood chemistry. However, laboratory chemistry estimations 

of glucose, TC and TAG were done in triplicate and as accurately as possible in a 

laboratory which practises internal and external quality assurance programmes. 

 

The cut-off values used to identify male subjects with a desirable from undesirable 

WHR (cut-off values: WHO 1.0 and Asian 0.88) and those adopted to identify 

normocholesterolaemic from hypercholesterolaemic (Asian cut-off values,  4.39 

and 5.15 mmol.l-1) appeared somewhat questionable according to the results that 

emerged after analysis. 

 

6.2. Conclusions 

 

The study showed a high incidence of preobesity and obesity. Sixty subjects 

(14.5%) with a BMI  30 kg.m-2 were obese and 152 (36.7%) subjects with a BMI 

25 – 29.99 kg.m-2 were preobese. Females were significantly more obese than 

males. Obesity in males and females was 7.4% and 20%, respectively. More 

females (63%) had an undesirable WHR in comparison with the males (28%). 
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In this study in an apparently healthy population, previously undiagnosed 

hypertension, impaired glucose tolerance and diabetes were present to the extents, 

17%, 13% and 8.6%, respectively Hypercholesterolaemia and 

hypertriacylglycerolaemia were found in nearly 88% and 33% of the subjects, 

respectively. 

 

Familial predisposition analysis revealed a statistically significant association of 

study subject’s BMI with the BMI of father, mother, and siblings. A relationship 

was seen between overweight and familial predisposition. 

 

Physical activity level (PAL) of the majority was below 1.75, implying a lifestyle 

sedentary or limited activity. BMI decreased with increasing PAL. Even after 

controlling the age, the impact of PAL on the BMI was statistically significant. A 

relationship was seen between overweight and physical activity. 

 

Thus the age, sex, genetic predisposition, occupation, monthly income and PAL 

were found to influence the BMI. 

 

An undesirable WHR, according to the WHO cut-off values was found in 28% of 

males and 63% of females. People in occupations with low physical activity had 

high WHR. Those in occupations with high physical activity had low WHR. 

 

WHR correlated significantly with the BMI. 

 

A statistically significant negative correlation was found between the WHR and 

PAL in the male. The association was lesser in the female. 

 

The WHR increased as the monthly income increased. 
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Thus, age, sex, BMI, occupation and monthly income were found to influence the 

WHR, in both the genders and also PAL was an influencing factor in males. 

 

Both systolic and diastolic blood pressure increased significantly with increasing 

BMI and WHR this was statistically Even after controlling the age. 

 

Overweight subjects were 4-times more likely to develop systolic hypertension and 

5-times more likely to develop diastolic hypertension than those subjects with a 

desirable BMI. A relationship was evident between overweight and blood pressure. 

 

Both fasting and post-glucose plasma glucose concentration (at 2 hours) increased 

with increasing BMI and WHR. The correlations (BMI and WHR) were 

significant with post-glucose load plasma glucose concentration. But, after 

controlling for age only the impact of BMI on the post-glucose load plasma glucose 

concentration was statistically significant. A relationship was seen between 

overweight and plasma glucose. 

 

In detecting diabetes, plasma glucose concentration determination at 2-hours after 

75g oral glucose was found to be a better index than the determination of fasting 

plasma glucose. 

 

BMI had no significant correlation with serum lipids. 

 

WHR had a significant association with serum total cholesterol in the male and 

with serum triacylglycerol in the female. 

 

Systolic and diastolic blood pressure correlated significantly with the total serum 

cholesterol concentration. 
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Correlations between the study parameters and age-control beta values of multiple 

regression analyses are given in annexures IV and V. 

 

6.3. Recommendations  

 

This study was conducted with an apparently healthy adult population living in an 

urban setting in Sri Lanka. At the point of entry to the study proper, none of the 

414 subjects were aware that they had any illness. 

 

This study revealed that preobesity and obesity occurred in ages from 20 years to 

60 years, and female overweight was >18% higher than that in males. So, preobese 

and obese subjects are likely to be present in other urban populations, in all age 

groups and in both the genders. Therefore it is recommended that the BMI, which 

involves the measurement of body weight and standing height be done in all 

patients coming to the family physician and records maintained. Further, periodic 

checks of BMI are strongly recommended in view of the fact surfaced in this study, 

that, overweight increases with ageing. 

 

It is also recommended that efforts should be taken to establish records of 

overweight and obesity in all areas of the country to develop a national database 

since there is a paucity of information. 

 

This study revealed clearly that inheritance and insufficient physical activity were 

two important factors contributing to preobesity and obesity. Therefore it is 

important for family physician to recognise the genetically predisposed subjects 

early and develop strategies to retard the onset of overweight, as overweight is a 

multi-factorial disorder expressed due to overlapping of environmental factors on 

genetic factors. Physical inactivity and sedentary lifestyle must be discouraged and 
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desirable physical activity must be encouraged. Those in occupations with low 

occupational physical activity must be encouraged to take up physically active 

leisure-time physical activities such as sports and games, on a regular basis. 

 

An association was seen between rising overweight with increasing monthly 

income. Therefore it is recommended that family physicians educate their practice 

population, particularly the richer urban dwellers, to restrict energy-dense - highly 

refined foods to which one gets accustomed. 

 

This study in 414 subjects, revealed previously undiagnosed (latent) hypertension 

in 17%, requiring medical intervention. Further, hypertension in the majority was 

associated with general obesity. And, truncal or abdominal obesity reflected by the 

WHR also had an association with hypertension. Therefore opportunistic health 

promotion should be encouraged in every consultation by the family physician.  

 

The study accepts the WHR cut-off point of 0.85 in the female as valid. However, 

in the light of what emerged in the study, the cut-off points recommended for the 

male, by the WHO (1.0) and by Singh et al for Asian populations (0.88) did not 

appear to be valid for the Sri Lankan male. A cut-off point more appropriate for 

Sri Lankan male appeared to be 0.95. Further studies, on a large scale are 

required to validate the new cut-off point for WHR proposed here. 

 

As an undesirable BMI and undesirable WHR had statistically significant 

associations with hyperglycaemia, it is important to determine the glycaemic status 

of such overweight individuals on a routine basis. 
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The study revealed that determination of plasma glucose concentration at 2-hours 

after 75 grams oral glucose was superior to determination fasting plasma glucose 

for detection of impaired glucose tolerance and diabetes. Further studies with a 

larger study sample are recommended to strengthen this finding. 

 

It was found that 64% subjects had an undesirable high serum total cholesterol 

concentration (5.15 mmol.l-1) and in all, 88% subjects were 

hypercholesterolaemic. In the light of extremely high incidence of 

hypercholesterolaemia in a healthy population, it is recommended that the cut-off 

values for serum TC proposed by Singh et al for Asian populations for 

hypercholesterolaemia (borderline high, 4.40 – 5.14 mmol.l-1 and high, > 5.15 

mmol.l-1) are reviewed. Further studies are recommended to determine suitable 

cut-off values for serum TC, applicable to Sri Lankans. 

 

This study sees the value of periodic health checks of the adult urban community. 

The health check should include determination of BMI, WHR, blood pressure, 

blood glucose concentration and serum total cholesterol concentration, as basal 

parameters, in the wake of the global epidemic of overweight. Maintenance of 

records is important especially in a family practice setting where there is 

continuing care. 

 

Ageing and changing environmental factors influence the BMI and WHR, hence 

blood pressure, blood glucose and blood cholesterol. Undesirable BMI and WHR 

lead to comorbidities such a hypertension, diabetes mellitus, dyslipidaemia and 

associated vasculopathies. The obligation on the family physician is to prevent an 

adult with desirable BMI becoming a preobese, to prevent a preobese becoming 
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obese, to revert obesity to preobesity and to ensure maintenance of a desirable 

weight for height.  

 

Care and protection of the urban population (who are a national work force 

functioning under somewhat harsh conditions) from BMI related medical 

complications ought to attract further attention of the family physician whose 

functions include health education and prevention. 
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                                                                                                                Annexure-1 

INVITATION TO PARTICIPATE 

 

 

I will be conducting a study (a research) to have a better undemanding of the 

human body.  

 

You are invited to join the study. All other members of your family or living in your 

house between ages of 20 to 70 years should join the study.  

 

This is a health screen for all ill and healthy people.  

 

 

In the study you will be examined by a doctor and your weight, height, waist to hip 

circumference, and your blood pressure will be measured.  Details of your personal, 

family and medical history will be recorded.  After this initial examination people 

who full fill certain criteria will go to the second stage.  In the second stage you will 

have to come to a given place, After 14 hours of fasting two blood samples will be 

taken from you (3ml). New sterile disposable syringes will be used to collect blood. 

There will be no other procedures involved. Confidentiality of all information would 

be maintained.  

. 
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Benefits from the study  

 

Doctors will benefit by gaining better understanding of the human body, which will 

help in future management disease. 

 

You will be benefited by  

 

1. Knowing your cardiovascular risk factors they are your  

 blood pressure 

 blood sugar 

 blood lipids (cholesterol and other lipids) 

 

2.   Knowing about your weight, whether your over weight, under weight or                  

      ideal weight. 

 

3.   This study will indicate how susceptible you are for cardiovascular disease.  

       e.g. angina, heart attacks. If you have any abnormality we will advice you on  

       future management.  

 

For further information please contact Dr. Sanath Hettige. Contact Telephone 

number 851517. 

 

 Was translated to Sinhala and Tamil.  
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                                                               DATA COLLECTING FORM                  Annexure - 2 

                                                                    STUDY OF OBESITY 

 

 

Please tick  the appropriate cage and fill in the blanks  ( To be filled by the research assistant ) 

 

SUBJECT NO:                                              DATE                      

 

1. DEMOGRAPHY 

 

 

NAME Mr./Mrs./ Miss ………………………………………………………………………………………. 

 

DATE OF BIRTH                                                           AGE  
 

CIVIL STATUS           B  M  S  W                                                      CHILDREN    
 

ETHNIC GROUP/ RELIGION        CODE   No    
 

ADDRESS                      ……………………………………………………………………………………. 

 

                                      ……………………………………………………………………………………… 

   

TELEPHONE NUMBER          
 

 

2. EDUCATIONAL   STANDARD    CODE No   
 

 

3. OCCUPATION                 

 

1. Administrative / professional  

 

2. Junior executive / Clerk      

 

3. Business major       

 

4. Business minor  

 

5. skilled labour        

 

6. manual labour  

 

7. Home duties        

 

8. Unemployed  

 

9.  Pensioner    

                                                                                       

10. Full time student     

 

Monthly income of the individual                          Rs  .                   
 

If not working monthly income of the family        Rs  .  
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4. FAMILY HISTORY 

 

(Photographs of people of different body mass index will be shown to you for identification)     

 

FATHER  

 

Thin -BMI <20                Do not know         

 

Average - BMI 20-24  

 

Moderately Fat  BMI 25-29    

 

Fat - BMI 30-34     

 

Very fat BMI  35 >   

 

Has your father been diagnosed as having the following:- 

 

High blood pressure                                      yes                         No               Do not know    

 

Diabetes mellitus                                           yes                              No               Do not know    

 

High blood cholesterol/ blood lipids             yes                              No               Do not know    

 

Angina (chest pain on walking / exertion)    yes                         No               Do not know    

 

Any other illness                                           yes                          No               Do not know   

 

Comments ……………………………………………………………………………………. 

 

………………………………………………………………………………………………………………… 

 

MOTHER 

 

Thin -BMI <2O                          Do not know     

 

Average - BMI 20-24  

 

Moderately Fat  BMI 25-29    

 

Fat - BMI 30-34     

 

Very fat BMI 35 >   

 

Has your mother been diagnosed as having the following:- 

 

High blood pressure                                       yes                        No                   Do not know       

 

Diabetes Mellitus                                           yes                        No                   Do not know       

 

High blood cholesterol/ blood lipids             yes                         No                   Do not know       

 

Angina  ( chest pain on walking / exertion ) yes              No           Do not know       

 

Any other illness                                           yes                         No                    Do not know       
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Comments …………………………………………………………………………………………………. 

 

…………………………………………………………………………………………………………….... 

 

……………………………………………………………………………………………………………… 

 

 

BROTHERS AND SISTERS 

 

 
Brothers 

  And  
Sisters 

         

Do not 

know 
         

Thin 

 
         

Average 

   
         

Moderate 
Fat 

         

Fat 

 
         

Very  
Fat 

         

HT 

 

         

 

DM 

         

Dyslipi

daemia 

         

Angina 

 

         

 

 

5. PERSONAL MEDICAL HISTORY ( To be filled by the assisting physician ) 

 

 

Have you had significant change in your weight during the past 3 years ?  Yes   No    Do not know  

 

Comments   …………………………………………………………………………………….. 

 

………………………………………………………………………………………………………………… 

 

………………………………………………………………………………………………………………… 

 

Are you suffering from any of the illnesses 

 

Diabetes mellitus                                  Yes                    No                  Do not know        

 

High blood Pressure                             Yes                     No                 Do not know        

 

High Blood Cholesterol / lipids            Yes                  No                  Do not know       

 

Angina                                                   Yes                  No                  Do not know       

 

Any other illness                                   Yes                  No                  Do not know           
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Are you currently on regular medication for the above illness. 

 

Diabetes mellitus                                  Yes             No            Do not know  

 

High blood Pressure                             Yes             No            Do not know        

 

High Blood Cholesterol / lipids           Yes             No             Do not know       

 

Angina                                                  Yes             No             Do not know       

 

Any other illness                                  Yes             No             Do not know      

 

 

 

 

 

Other illness listed in exclusion criteria. -  Category ( 1-8 )         , , , ,  

 

 

 

Comments………………………………………………………………………………………………….. 

 

………………………………………………………………………………………………………………. 

 

………………………………………………………………………………………………………………… 

 

………………………………………………………………………………………………………………. 

 

 

 

Could any of the medication interfere with the following parameters please indicate Yes  No   

 

 

Cholesterol (mmol/l)      

 

Triglycerides (mmol/l)                                  

 

Low density lipoproteins (mmol/l)               

 

High density lipoproeins  (mmol/l)              

 

Very Low Density Lipoproteins (mmol/l)    

 

Fasting Blood Glucose  (mmol/l)     

 

Two hour blood Glucose concentration (mmol/l)   

 

Blood pressure                                                                              

 

Body weight       

 

 

Comments……………………………………………………………………………………………………  



 

 

201 

201 

 

 

 

 

6. FOOD HABITS 

 

Indicate the type of food that you are not taking that means you are eating all the  other food that you have 

not ticked 

 

Beef                                           Chicken                                        Pork   

 

Fish                                            Dry fish                                        Mol dive  fish  

 

Eggs                                           Ice cream                                     Chocolate   

 

Vegetables                                 Milk                                             Cake   

 

Mutton                 Fruits                   

 

 

Takes animal products  (fish/meat /eggs) frequently (three or more times a week)                    

 

Takes animal products (fish/meat/ egg) occasionally  (less than three times a week)                 

 

Never takes animal products (fish/meat/eggs)                                                                             

 

 

 

Comments ………………………………………………………………………………………………….. 

 

………………………………………………………………………………………………………………. 

 

………………………………………………………………………………………………………………. 

 

………………………………………………………………………………………………………………. 

 

………………………………………………………………………………………………………………. 

 

 

 

6.1  Do you smoke now               Yes                          No         

 

 

       Number  per day                                .  
 

 

       If you are an ex smoker when did you stop smoking     .  
 

 

 

6.ii  Do you consume Alcohol     Yes                         No         

 

         

       How many units per week                .   
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7.1  PHYSICAL ACTIVITY Hours/Day(average ) 

 

Indicate the physical activity in day to day work including voluntary exercise, sports, work at home 

physical activity at work (specify the type of activity or sports).The research assistant will also question in 

detail about physical activity during work and leisure time physical activity. 

 

Please explain in detail 

 

 

1.  Occupational  …………………………………………………………………………………………… 

 

………………………………………………………………………………………………………………..      

 

……………………………………………………………………………………………………………….. 

 

Hours/Day(average ) ……………………………… .      PAR    .  
 

 

2. Time in bed……………………………………………………………………………………………… 

 

………………………………………………………………………………………………………………… 

 

 

 Hours/Day(average ) ……………………………... .     PAR    .  
 

3. Reading/Eating……………………………………………………………………………………….. 

 

………………………………………………………………………………………………………………… 

 

Hours/Day(average ) ……………………………… .      PAR    .  
 

 

4.     Household/Cooking…………………………………………………………………………………… 

 

………………………………………………………………………………………………………………… 

 

 

Hours/Day(average ) …………………………….... .      PAR   .  
 

 

5.     Gardening/Golf   ………………………………………………………………………………………. 

 

………………………………………………………………………………………………………………… 

 

 

Hours/Day(average ) ……………………………… .      PAR    .                  
 

 

6. Jogging/Swimming/Football…………………………………………………………………………… 

 

………………………………………………………………………………………………………………… 

 

Hours/Day(average ) ……………………………… .       PAR   .  
 

Total daily energy expenditure KJ .       Addition of( PAR x Time) .  
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7.2  PHYSICAL ACTIVITY(occupational/leisure) 

 

 

Usual physical activity occupational, classification according to WHO/NCD/DIA/98-NCD Risk factor survey. 

        

  

1. Sedentary                                

 

2. Light                                     

 

3. Moderate                               

 

4. Heavy                                    

  

Usual physical activity leisure 

 

1. Never                                     

 

2. < than once /week                

 

3. 1-2 times / week                   

 

4.  3 + times / week                  

 

  

Have you had the same physical activity during the past 3 years ?  Yes       No      Do not know   

 

Comments   …………………………………………………………………………………………………. 

 

……………………………………………………………………………………………………………….. 

 

………………………………………………………………………………………………………………. 

 

 

 

8. MEDICAL EXAMINATION 

 

Weight (Kg)                                                             .  

 

Height  (cm)                                                             .  

 

Body Mass Index                                                     .   

 

Hip circumference (cm)                                           .  

 

Waist circumference (cm)                                        .  

 

Waist to Hip ratio                                                     .  

 

Pulse Rate per/min                                                   .  
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Blood Pressure 

(mm Hg) 

          First        Second                         Third            Average 

Systolic 

 

    

Diastolic 

 

    

 

 

 

Physician's Comments   …………………………………………………………………………………….. 

 

…………………………………………………………………………………………………………….. 

 

…………………………………………………………………………………………………………….    

 

 

 

 

 

 

 

9. BLOOD CHEMISTRY   

 

Cholesterol (mmol/l)     .    .      

 

Triglycerides (mmol/l)    .    .  

 

Low density lipoproteins (mmol/l)   .    .  

 

High density lipoproeins  (mmol/l)   .    .  

 

Very Low Density Lipoproteins (mmol/l)  .    .  

 

Fasting Blood Glucose  (mmol/l)   .    .  

 

Two hour blood Glucose concentration (mmol/) .    .  
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                                                       OBESITY STUDY                         Annexure –3  

 

MEDICAL ADVICE  TO PARTICIPANTS ON OBSERVATIONS MADE DURING THE STUDY 

 

 

NAME…………………………………………………………….            SUBJECT NO………………. 

 
1. Your Weight:…………………………Kg                                           DATE………………………… 

 

2. Your Height  :………………………...Cm 

 

3. Your Body Mass Index:……………………...( Normal 20-24, Fat 25-29, Obese 30 > ) 

 

4. Your Waist to Hip Ratio:…………………….( Normal- Male < 1, Female < 0.85 ) 

 

5. Your Blood pressure:………………………...( Normal < 140/90 ) 

 

 

 

    Your  Weight is,  /Low/Normal/Above Normal 
 

       Your Ideal Weight Should be =……………….Kg 

 

 

    Your Waist to Hip Ratio is, Normal/Above Normal 

 

       Your Waist Circumference Should be = <………….Cm 

 

    The amount of Physical Activity you perform is, Low/Satisfactory/Good/Very good 

     

    Your Blood Pressure is Normal/Above Normal 

 

    Your Blood Sugar is Normal/Above Normal 

 

    Your Blood lipids are Normal/Above Normal 

 

    Your At, Low Risk / Moderate Risk / High Risk / Very High Risk, of developing Heart Attacks 

 

 

To reduce the risk of Heart Attacks you are advised to:- 
 

1. Reduce Weight                                8.Reduse Alcohol Consumption   

 

2.Reduse Waist circumference                               9.Change Dietary Habits   

 

3.Increase Physical Activity  

 

4.Control Blood Pressure   

 

5.Control Blood sugar    

 

6.Control Blood Lipids    
                                                                                                                ………………………. 

7.Stop smoking                                                    Dr SANATH HETTIGE 

                                                                                                               MBBS,DFM,Reg 9345 
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                                                 Comparison of important correlations                               Annexure-4 

 

 

Correlations

1.000 .375** .412** -.192** .162* .339**

. .000 .000 .000 .043 .000

414 414 414 410 157 128

.375** 1.000 .754** -.132** .039 .111

.000 . .000 .008 .629 .211

414 414 414 410 157 128

.412** .754** 1.000 -.075 .086 .169

.000 .000 . .132 .286 .057

414 414 414 410 157 128

-.192** -.132** -.075 1.000 -.045 -.114

.000 .008 .132 . .581 .202

410 410 410 410 155 126

.162* .039 .086 -.045 1.000 .732**

.043 .629 .286 .581 . .000

157 157 157 155 157 126

.339** .111 .169 -.114 .732** 1.000

.000 .211 .057 .202 .000 .

128 128 128 126 126 128

-.004 .191* .141 -.119 .093 .128

.958 .017 .081 .143 .259 .154

154 154 154 152 148 125

.086 -.052 -.043 -.052 -.055 -.098

.284 .519 .594 .520 .506 .275

156 156 156 154 150 127

.045 .033 .054 .127 .202* .297**

.576 .682 .505 .116 .013 .001

157 157 157 155 151 128

.009 .230** .151 -.062 .123 .155

.908 .003 .054 .437 .129 .080

162 162 162 160 153 128

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Pearson Correlation

Sig. (2-tailed)

n

Body mass  index

BP  systolic

BP  diastolic

Physical

Activity Level

(PAL)

Fasting plasma

glucose

Post glucose

plasma glucose

LDL-cholesterol

HDL-cholesterol

Serum

triacylglycerol

Total serum

cholestorol

Body mass

index BP  systolic BP  diastolic

 Physical

Activity

Levels

Fasting

plasmp

glucose

Post glucose

plasma 

glucose

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 
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                                                                                                              Annexure 5 

 

Multiple regression coefficients – Impact of BMI on dependent variables after 

controlling for age. (Beta values and significance) 

 

 

 

 

Dependent 

variables 

 

Impact of 

BMI 

 

Beta 

 

 

Sig. 

 

 

PAL 
 

-0.17 

 

0.001 

 

SBP* 

 

 

0.30 

 

0.001 

 

DBP** 

 

 

0.36 

 

0.001 

 

TC 

 

 

-0.02 

 

0.831 

 

TAG 

 

 

0.03 

 

0.65 

 

FPG 

 

 

0.15 

 

0.06 

 

PPG 

 

 

0.30 

 

0.001 

 

TC / HDL-C 

 

 

0.09 

 

0.25 

 

WHR 

 

 

0.35 

 

0.001 

 

  *SBP  = Systolic blood pressure 

 

**DPB = Diastolic blood pressure 

 

Significant Beta values are given in red. 


