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General Introduction and Aims: Obesity as a Global 
Health Problem
Overweight and obesity are de�ned as abnormal or excessive fat accumulation that may 

impair health (1). The World Health Organization de�nes obesity based on the body 

mass index (BMI), which is a measure of a person’s body weight in kilogram, divided 

by the square of his height in meters (kg/m2) (2). For the western-adult population, 

overweight is de�ned as BMI >25 kg/m2; and obesity as BMI >30 kg/m2. It is estimated 

that 13%, or approximately 650 million, of the adult population worldwide have 

obesity. This estimate is predicted to escalate rapidly, as 39% of adults, or approximately 

1.9 billion, have overweight. The prevalence of obesity is increased threefold from 

1975 to 2016, with a faster-growing pace in low- and middle-income countries than 

high-income countries (1). 

In this thesis, the overall aim is to provide insight into clinical and public health issues 

related to obesity. In detail, we will answer the following objectives: 

1. to better understand the sex-speci�c relations of abnormal body fat distribution 

with cardiometabolic outcomes; 

2. to investigate how ethnic differences in adiposity contribute to different 

cardiometabolic burdens in different ethnic populations; and 

3. to identify patients’ perceptions and population-speci�c characteristics that may 

contribute to the best attainable, patient-engaged, management of obesity and 

metabolic syndrome. 

PART I. From abnormal body fat distribution to cardiometabolic outcomes: 
The pathophysiology. 
Although the BMI classi�cation is the most commonly used criteria to de�ne obesity, 

it has major drawbacks: BMI cannot distinguish body composition, as it cannot 

differentiate body fat from muscle mass (3). Also, BMI cannot detect where in the body 

the accumulation of adipose tissue is located, whereas many studies have established 

that not only the excess fat mass matters in obesity, but also the abnormal body fat 

distribution (4–7). In particular, fat that is deposited in the abdominal region has the most 

detrimental health effects (8,9), and thus speci�c attention must be given to combat 

abdominal obesity, with or without the presence of overall obesity. 

When the body is in a positive energy balance state, commonly due to excess calorie 

intake and low energy expenditure due to physical inactivity, the excess energy is stored 

and reserved as body fat (10,11). Based on the adipose tissue over�ow hypothesis (12), 

excess fat is physiologically stored in the subcutaneous compartment, which is located 

directly beneath the skin (5,6). In circumstances that excess fat continuously accumulates, 

the fat ful�ls the subcutaneous compartment to its maximum capacity and its plasticity 

becomes exhausted, and extra lipids may over�ow to the intra-abdominal visceral 
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compartment (12), or result in ectopic fat accumulation in which fat is deposited in 

normally lean organs (7), such as the liver or the heart. This abnormal body fat distribution, 

when fat is stored in the visceral compartment or deposited in otherwise lean organs, is 

a precursor of cardiometabolic diseases (4–7). In particular, excess visceral fat and liver 

fat are associated with detrimental health effects and increased risks of type 2 diabetes 

and cardiovascular diseases (6,7,12,13). Visceral fat has been positively linked to insulin 

secretion and resistance (9), and in�uxes of free fatty acids and glycerol to the liver, 

which leads to hepatic glucose dysregulation and raised production of triglyceride-

rich circulating lipoproteins, promoting atherosclerosis (7). In addition, excess liver fat, 

commonly manifested as non-alcoholic fatty liver disease (NAFLD), disrupts hepatic 

metabolism in general and may develop into hepatic steatosis or even cirrhosis (13). 

In previous analyses, we observed that different fat depots were differentially 

associated with cardiometabolic outcomes in men and women. For example, whereas in 

men abdominal subcutaneous fat and visceral fat were associated with insulin resistance 

to a similar extent, in women visceral fat in particular was associated with insulin resistance 

and insulin secretion (9). We also observed that visceral fat contributed beyond overall 

adiposity to subclinical atherosclerosis, and more particularly so in women than men (14).

However, whether liver fat is differentially associated with cardiometabolic outcomes in 

men and women remains unclear. Furthermore, to what extent the co-existence of both 

excess visceral fat and liver fat may amplify the adverse health effect and accelerate 

the occurrence of cardiometabolic diseases is also unclear. 

Therefore, this part of the thesis is aimed to unravel sex-speci�c associations between 

abnormal body fat distribution; represented as excess intra-abdominal visceral fat, 

liver fat, and the combined phenotype of both; with the risk of type 2 diabetes and 

cardiovascular diseases. 

PART II. Ethnic Differences in Adiposity and Metabolic Syndrome
One pathway of obesity that leads to cardiometabolic diseases is via the metabolic 

syndrome, which is a cluster of cardiometabolic abnormalities that occur concomitantly 

(8,15,16). The abnormalities are abdominal obesity, hypertension, hyperglycaemia, 

hypertriglyceridemia, and low HDL cholesterol; and metabolic syndrome is diagnosed as 

having at least three out of these �ve conditions [Table 1] (8,15,16). Early detection and 

proper management of metabolic syndrome are of utmost importance, as it is a reversible 

and manageable condition (17), before it fully transforms into the occurrence of type 2 

diabetes and cardiovascular diseases.

The burden of metabolic syndrome differs disproportionately between populations. For 

example, it is well-established that, at the same BMI, Asian populations have an increased 

risk of developing metabolic syndrome compared with Western populations (18). In fact, 

the World Health Organization has set lower cut-offs for both overall and abdominal 

obesity in Asian populations than in Western populations, due to their increased risks of 
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The burden of metabolic syndrome differs disproportionately between populations. For example, it is

well established that, at the same BMI, Asian populations have an increased risk of developing

metabolic syndrome compared with Western populations (18). In fact, the World Health Organization

has set lower cut offs for both overall and abdominal obesity in Asian populations than in Western

populations, due to their increased risks of developing type 2 diabetes and cardiovascular diseases at

an earlier stage of obesity, or at a lower amount of adipose tissue, than the Westerns (12,15,19).  

The adipose tissue overflow hypothesis proposes that Asians have a different body fat distribution

than Westerns (12,20,21): in particular, they have a smaller subcutaneous fat compartment, so that

in the development of obesity, the excess lipid flows to the visceral area earlier than in Westerns (12).

This hypothetically leads to a relatively higher amount of visceral fat within the total mass of adiposity

.

Illustration showing two men of Western and Asian descents. Both have the same BMI but a different amount of

total body fat [Yajnik CS, Yudkin JS. Lancet 2004] (22).

Besides this difference in body fat distribution, several studies have also reported that on average

Asian populations have a higher concentration of leptin, but a lower concentration of adiponectin than

Western populations (23–25). Out of various adipocyte derived hormones, leptin and adiponectin are

the two primary hormones that play an essential role in glucose homeostasis, insulin sensitivity, lipid

metabolism, and platelet function (26–31). Leptin is an inflammatory hormone that induces oxidative

developing type 2 diabetes and cardiovascular diseases at an earlier stage of obesity, or 

at a lower amount of adipose tissue, than the Westerns (12,15,19). 

The adipose tissue over�ow hypothesis proposes that Asians have a different body fat 

distribution than Westerns (12,20,21): in particular, they have a smaller subcutaneous fat 

compartment, so that in the development of obesity, the excess lipid �ows to the visceral 

area earlier than in Westerns (12). This hypothetically leads to a relatively higher amount 

of visceral fat within the total mass of adiposity [Figure 1].
Besides this difference in body fat distribution, several studies have also reported 

that on average Asian populations have a higher concentration of leptin, but 

a lower concentration of adiponectin than Western populations (23–25). Out of various 

adipocyte-derived hormones, leptin and adiponectin are the two primary hormones that 

play an essential role in glucose homeostasis, insulin sensitivity, lipid metabolism, and 

platelet function (26–31). Leptin is an in�ammatory hormone that induces oxidative 

Table 1. Components of the metabolic syndrome, as de�ned by the Joint Interim Statement criteria (15).

Component Criteria

Abdominal Obesity Waist circumference above ethnic-speci�c cut-off
(>90 cm in Asian men and >80 cm in Asian women; 

>102 cm in European men and >88 cm in European women)
Hypertension Systolic blood pressure >130 and/or diastolic blood pressure >85 mmHg OR

use of antihypertensive agent(s)
Hyperglycemia Fasting glucose >5.6 mmol/L OR use of a glucose-lowering agent(s)

Hypertriglyceridemia Triglyceride >1.7 mmol/L OR use of a lipid-lowering agent(s)
Low HDL-Cholesterol HDL-Cholesterol <1.0 mmol/L in men or <1.3 mmol/L in women OR 

use of medication(s) for reduced-HDL

Figure 1. Illustration showing two men of Western and Asian descents. Both have the same BMI but 
a different amount of total body fat [Yajnik CS, Yudkin JS. Lancet 2004] (22).
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stress in endothelial cells, stimulates the secretion of proin�ammatory cytokines, and 

switches glucose metabolism to fatty acid oxidation (32–35). In contrast, adiponectin 

is the counteractive anti-in�ammatory hormone that mediates protective effects with 

its insulin-sensitizing and anti-in�ammatory properties (36,37). In obesity, leptin level 

increases whereas the adiponectin decreases (38,39), resulting in an imbalance that leads 

to impaired cardiometabolic function.

Nevertheless, studies are still needed to answer whether concentrations of leptin and 

adiponectin also differ between the Asian and Western populations at the same BMI, 

as this re�ects the differences in hormonal/metabolic activities within the same amount 

of fat mass. Furthermore, whether the different secretions of these hormones relate to 

metabolic syndrome and can explain the increased cardiometabolic risks in the Asian 

population are also yet to be investigated. 

Therefore, although it is well-established that Asians are more prone to develop 

cardiometabolic diseases (18,40–43), more evidence is needed to fully explain the still 

unclear mechanism that leads to the increased risks.  In the second part of this thesis, 

we investigated the differences in adiposity and metabolic syndrome between Asian and 

Western populations. First, we investigated whether body fat distribution, represented 

as overall and abdominal obesity, in the two populations relates to a different risk of 

metabolic syndrome. Second, to examine the in�uence of adipocyte-derived hormones, 

we investigated the associations of leptin and adiponectin concentrations with the risk of 

metabolic syndrome in the two populations. 

PART III. Patients’ Perceptions and Public Health Aspects in the Management 
of Obesity
In the �eld of health psychology, the Common Sense Model (CSM) of Illness Perception

proposes that when an individual experiences a health threat, which could be a deviation 

of bodily function or symptoms of a disease, the individual creates both cognitive 

and emotional ‘perceptions’ as a response to the health threat (44–47). These ‘illness 

perceptions’ then motivate the individual to choose/exhibit a coping response to address 

the health threat. The coping response will lead to an illness outcome, such as a recovery 

or persistent complaints, which the patients evaluate as meeting their expectations or 

not. The Common Sense Model proposes that the cycle of illness perceptions → coping 

→ illness outcomes are cyclical. These processes form a continuous feedback loop, as 

the outcome evaluation helps them readjust their perceptions and coping if necessary, 

until the desired outcome is reached (44–47). In clinical practice, identifying how patients 

perceive their condition is crucial, as it may help support better engagement or adherence 

to the therapy (48,49), or explore the most well-suited individualised treatment choice. 

The Common Sense Model implies that one must be aware of their condition �rst, 

before they can resort themselves to take action. In other words, when patients are 

less aware of their condition, they may be less inclined to take proper coping (44–47). 

For example, in the context of obesity, only patients that perceive their condition as 

threatening can consciously engage themselves in a weight loss intervention to improve 

their condition. However, with the multiple different de�nitions of obesity, such as overall 

obesity, abdominal obesity, and metabolically unhealthy obesity (50–53), it is unclear 

whether patients are aware of their conditions, how they perceive it, or whether these 

conditions are perceptible. For example, are patients aware of their abdominal obesity 

and its detrimental effects, when they have no overall obesity? 

Finally, it is well-established that adopting a healthy lifestyle is a key factor in 

the management of obesity. In fact, many countries have now established healthy lifestyle 

guidelines as a behaviour intervention means for the general public (54). However, 

although it is known that lifestyle, including physical activity, healthy diet, and refrain 

from smoking and alcohol, is positively associated with general health (55–61), whereas 

it is also speci�cally related to the metabolic syndrome is yet unclear. Epidemiological 

studies observed con�icting results, as several studies showed negative associations 

between adopting a healthy lifestyle and the risk of metabolic syndrome (62,63), while 

other studies showed no association (64). This discrepancy may partly be due to diverse 

study designs and limited adjustment for confounding. Large population-based studies 

are therefore warranted to estimate the presence and strength of the association between 

adopting a healthy lifestyle with the risk of metabolic syndrome. 

Therefore, in this part of the thesis, we analysed population-based data to help shape 

tailored therapy. First, in a population with oversampling of individuals with overweight 

and obesity (65), we investigated how the individuals perceive their condition, and how 

the perception relates to their health-related quality of life as an outcome. Second, 

using national health surveys data of a population (66,67), we investigated whether 

adherence to the national healthy lifestyle guideline may provide bene�t to reduce 

the risk of metabolic syndrome, while also considering sociodemographic characteristics 

such as sex, age, and urban/rural living situation, as these factors are associated with

the metabolic syndrome (68–79).

Outline of this Thesis
In the �rst part of this thesis (Chapter 2), we aimed to unravel sex-speci�c separate and 

joint associations of visceral fat and liver fat with the incidence of type 2 diabetes and 

cardiovascular diseases in middle-aged men and women in ten years of follow-up. In 

the second part of this thesis, we aimed to provide insight into why Asian populations 

develop metabolic complications at lower amounts of adiposity than Western populations. 

To that extent, we investigated the prevalence of metabolic syndrome and its components, 

and relations between overall and abdominal obesity with the risk of metabolic syndrome 

in an Asian-Indonesian and Caucasian-Dutch population (Chapter 3). In addition, 

we investigated the differences in the secretion of adipocyte-derived hormones leptin 
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and adiponectin, and how the hormones play a role in the different risks of metabolic 

syndrome in the two populations (Chapter 4). 
In the third part of this thesis,  we investigated how individuals with overweight and 

obesity perceive their condition, and how these perceptions were associated with health-

related quality of life (Chapter 5). Additionally, we investigated whether adherence to 

a national healthy lifestyle guideline was associated with the risk of metabolic syndrome, 

and how the associations differed between age, sex, urban/rural, and BMI categories 

(Chapter 6). Finally, a summary of all important �ndings in studies that construct this 

thesis, the implications, and future research directions are discussed in Chapter 7. 

Study Designs and Populations Used in this Thesis
This thesis includes populations of different ethnic backgrounds from multiple studies. Four 

out of �ve articles in this thesis analysed the population of the Netherlands Epidemiology 

of Obesity (NEO) study (65), which represented the Caucasian-Dutch population discussed 

in this thesis. The Asian-Indonesian population investigated in this thesis is included from 

three different studies: the SUGAR Scienti�c Program Indonesia – Nederland (SUGARSPIN) 

study and the 2013 and 2018 Indonesian National Health Surveys (66,67,80). 

The Netherlands Epidemiology of Obesity (NEO) Study
Data from the NEO study were analysed and presented in Chapters 2, 3, 4, and 5. 
The NEO study is a population-based prospective cohort study that aims to investigate 

pathways that lead to obesity-related diseases. The NEO study is conducted in Leiden 

(in the west of the Netherlands) and its surroundings, with oversampling of individuals 

with overweight or obesity (BMI>27kg/m2). To correct for this oversampling, individuals 

from Leiderdorp, a neighbouring municipality, were invited to participate in the study 

regardless of their BMI (65). 

The study recruitment was done via local advertisements and invitation letters to 

potential participants aged 45-65 from their general practitioners. The study includes 

6,671 middle-aged adults, with the majority (95%) of participants are of white ethnicity. 

During the baseline measurement in 2008-2012, participants were invited to come 

to the study site at Leiden University Medical Center (LUMC) to undergo an extensive 

physical examination. Of the participants who were eligible for MRI, approximately 

35% were randomly selected to undergo direct assessment of abdominal fat. In total, 

2,580 participants had a valid measurement of visceral adipose tissue by MRI, and 2,083 

participants of hepatic triglyceride content by 1H-MRS.

Patients are followed for the incidence of cardiometabolic diseases, which are 

extracted from the electronic medical records at general practices (65). The medical ethical 

committee of LUMC had approved the design of the NEO study, and all participants had 

signed informed consent. 

The SUGAR Scienti�c Programme Indonesia – Nederland (SUGARSPIN) Study
Population from the SUGARSPIN study is included in Chapter 4. SUGARSPIN Study is 

a double-blind, randomised clinical trial that aims to investigate the effect of parasitic 

infection on insulin resistance and cardiometabolic health. The SUGARSPIN study is 

conducted in Nangapanda, Flores (the South-Eastern part of Indonesia), in a population 

of a rural setting. All participants are of Malay-Austronesian descent. The study includes 

non-pregnant, adults aged>16 years who were randomised at the household level. Details 

of the SUGARSPIN study design has been described elsewhere (80). 

After randomisation, all participants were invited for a baseline visit at the study 

site. Participants were instructed to fast overnight prior to the blood sampling and �ll in 

questionnaires to obtain information on demographics and lifestyles. The medical ethical 

committee of the Leiden University Medical Center and the University of Indonesia (ref: 

549/H2.F1/ETIK/2013) had approved the SUGARSPIN study design. All participants had 

signed an informed consent form (80). 

Chapter 4 of this thesis uses the baseline measurement data from the SUGARSPIN 

trial, before any interventions were conducted. Participants younger than 18 years 

were excluded. 

The 2013 and 2018 Indonesian National Health Surveys 
Data from the 2013 Indonesian National Health Survey were used in Chapter 3 and 

Chapter 6, whereas data from the 2018 survey were used in Chapter 6. The Indonesian 

National Health Surveys (Indonesian: Riset Kesehatan Dasar; ‘RISKESDAS’) is a periodic 

nationwide survey conducted every �ve years by the Ministry of Health, the Government 

of Indonesia, with the 2013 and 2018 surveys being the two most recent. The national 

survey is aimed to screen for the presence of infectious, cardiometabolic, and degenerative 

diseases, and to investigate the general health status of the citizens. Samples were 

obtained with a strati�ed, multi-stage, systematic random sampling and a probability 

proportional to size method to account for the differences in the geographical and urban/

rural densities across the 34 provinces. Weighting factors were used in the analyses to 

ensure that the study sample represented the citizens of Indonesia nationally (66,67). 

The 2013 survey sampled 1,027,763 participants of all ages, of which 34,274 were 

adults aged >15 years who were randomly sampled to undergo blood sampling and clinical 

laboratory tests. The 2018 survey population were 1,017,290 participants, of whom 33,786 

were adults who were randomly sampled for the blood tests. All participants had agreed 

to participate and signed informed consent (66,67). In Chapters 3 and 6 of this thesis, 

data from the subpopulation of the surveys who were non-pregnant, adult individuals, 

and who were randomly selected for blood glucose and lipid tests were used. The two 

chapters included in this thesis were approved by and registered in the National Institute of 

Health Research and Development, Ministry of Health, Republic of Indonesia (81).
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