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Abstract 

There is a global rise in prevalence of obesity, which will be followed by a rise in 

prevalence of cardiovascular disease, metabolic syndrome and cancer. 

Understanding why individuals fail to balance their energy intake and expenditure 

is a key point in bringing this “pandemic” to a halt. Twin studies on obesity show 

that 50 – 90% of variance in body mass index (BMI) is explained by genetic 

factors. This also holds true for food choice and behaviour like cognitive restraint, 

emotional eating and uncontrolled eating. The results are confirmed by 

experimental studies testing the response to overfeeding or dieting; change in 

bodyweight differs between twins but shows resemblance within twin pairs.  

The genes underlying this genetic contribution to obesity can be identified via 

genome wide and candidate gene study approaches. The most promising 

candidates include genes involved in metabolic efficiency as well as genes 

influencing behaviour and brain function, with the systems being closely 

interlinked. Understanding this underlying pathophysiology will improve future 

treatment for obesity.  
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Abbreviations 

AMPK 5′-AMP-activated protein kinase 

BIA Bio electrical impedance 

BMI Body Mass Index 

CCK Cholecystokinin 

CI Confidence Interval 

DZ Dizygotic 

FHS Framingham Heart Study 

FTO Fat mass and obesity associated gene 

GxE Gene Environment interactions 

GWA genome wide association 

H2 Broad sense heritability 

h2 Narrow sense heritability 

Kcal Kilocalories 

Kg Kilogram 

LD Linkage disequilibrium 

MZ Monozygotic 

OR Odds Ratio 

λ Relative risk  

SE Standard error 

SNP Single Nucleotide Polymorphism 

σ 

o σg 

o σp 

o σa 

Variance 

o Genotype 

o Phenotype 

o Additive genetic effects 

TFEQ Three Factor Eating Questionnaire 

TNF Tumor Necrosis Factor 

TUB Tubby protein 

WHO World Health Organization 

WHR Waist Hip Ratio 
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Chapter 1 Introduction 

Once considered a sign of prosperity, obesity is now a serious life threatening 

condition in developed countries. Obesity is the major cause of cardiovascular 

diseases, the metabolic syndrome including type 2 diabetes and certain forms of 

cancer (3-5). In 2006 almost 50% of the Dutch population was overweight (body 

mass index (BMI) ≥ 25, see Table 1) of whom 11.3% were classified as obese 

(BMI ≥ 30) (CBS Statistics Netherlands). In the U.S. the numbers are even 

higher; in 2004 66% was overweight and 32% obese (6) (see Figure 1).  

Obesity is defined as an abnormal or excessive body fat storage that may impair 

health. The fundamental cause is an imbalance between energy intake (calories) 

and energy expenditure.  

 

Figure 1: Obesity trends from 1991 - 2003 in the U.S.A. (Centre for Disease Control and Prevention 

(CDC), USA) 

1.1 Measures of Obesity 

1.1.1 BMI and fat mass  

Obesity is commonly measured by the body mass index (BMI), which is calculated 

by dividing a person’s weight in kilograms (kg) by the square of their height in 

meters (see Table 1).  
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Classification BMI (kg/m2) 

Underweight < 18.5 

Normal range 18.5 – 24.99 

Overweight ≥ 25 

Obese ≥ 30 

Table 1: Classification of BMI according to the World Health Organization (WHO) 

Weight and height, thus BMI, are very easy to measure. However, it also a quite 

crude measure disregarding for example muscular individuals. Moreover, it is 

believed that not total fat mass but rather body fat distribution determines the 

health risk of an individual (4;7;8). Therefore, body fat distribution measurements 

are often used in research (see Table 2).  

Measurement Method Result 

Waist hip ratio (WHR) 

or circumference 

Tape measure  Used to define central obesity 

Skinfold thickness Skinfold callipers Subcutaneous fat. Usually used as sum 

of several measures or as a ratio 

Bio electrical 

impedance (BIA) 

Electric current Estimation of body fat mass, lean body 

mass and total body water. Validation 

still in progress.  

DEXA scanner X-ray Central and visceral fat mass  

CT / MRI X-ray / Magnetic resonance Body-fat distribution 

Table 2: Body fat distribution measurements (adapted from (9)) 

1.1.2 Energy balance 

Obesity is caused by an imbalance between energy intake and expenditure. It is 

interesting to study intake and expenditure directly because they underlie the 

development of obesity. Food intake and energy expenditure patterns are 

promising endophenotypes (see 1.1.3). Food intake can be observed through 

questionnaires, e.g. 24-hour recall, food-preference or food-frequency 

questionnaires. Also specific information about breakfast eating, meal size, snack 

frequency, etc. can be obtained. Examples of measures of energy expenditure are 

resting metabolic rate, respiratory quotient, actometry and questionnaires on 

activity levels. 

1.1.3 Eating behaviour 

Behavioral traits can be analyzed to study eating behavior in more detail. The 

three factor eating questionnaire (TFEQ) is a validated tool for this (10), it scores 
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restraint, disinhibition and hunger. Studying specific traits, or endophenotypes, is 

an increasingly popular approach. The concept of endophenotypes allows 

compartmentalizing complex diseases. An endophenotype can be any behavioural 

or physiological trait that is heritable and state-independent. They provide a more 

direct association with the genotype than the multifactorial phenotype (11). An 

example of studying traits in stead of phenotypes is given in Figure 2.  

 

Figure 2: Studying traits (behavioural domain) in stead of phenotypes (diagnosis) for more direct 

associations with the genotype (12) 

1.1.4 Other measurements 

There are many more measurements of obesity related traits that are used in 

literature (13). These include blood levels of e.g. insulin, leptin, glucose, 

cholesterol and adiponectin and adipocyte number and size.  

1.2 Nature vs Nurture 

1.2.1 Environment 

Our built and social environment has changed enormously over the past decades 

due to prosperity and innovation. Food is now readily and abundantly available for 

everybody in developed countries. A diet rich in fats or carbohydrates and low in 

fiber is associated with weight gain and obesity (14) Physical work and transport 

is becoming more and more effortless due to innovation and technology, causing a 

more sedentary lifestyle. Low levels of physical activity during daily routines are 

believed to be an important determinant in the development of obesity (15). The 

combination of prosperity, lack of physical activity and availability of energy dense 
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fast foods are the most important underlying causes of common obesity 

(9;14;16).  

1.2.2 Genes 

This sudden increase in obesity is not a direct consequence of a particular set of 

genes. Our genes have not changed over the past few decades. However our 

genes do allow for obesity to occur, which is quite remarkable given the nature of 

the tight homeostatic control the body normally exerts. It seems that we are 

prone to develop obesity, with some being more prone than others. James Neel 

suggested (already in 1962) that we might have ‘thrifty genes’ (17). Genes that 

were selected during repeated famines, because people that were efficient in 

storing energy were likely to be the only ones surviving these famines. Although 

the ‘thrifty genes’ might not completely or sufficiently explain the global biological 

predisposition to obesity (18-20), it is a fundamental view on genetic contribution 

to obesity that still inspires research strategies today.  

Considering genes in the pathogenesis of obesity does not exclude the 

environment from the discussion. For instance, a genetic preference for fatty 

foods can be expressed only in an environment that contains fatty foods. There is 

always an interaction between both genes and environment (21). The impact of 

the environment on body weight and eating behaviour will depend on inherited 

susceptibilities.  

 

Figure 3: Interaction between genes and environment (18) 

Understanding the relative contribution of genes to the development of obesity is 

a key step in creating behavioral and pharmacological therapies for obesity.  
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1.3 Heritability of complex phenotypes 

Most phenotypic characteristics, such as weight or height, show continuous 

variation in a population. The proportion of variation that is caused by genotype is 

called heritability. Heritability can be estimated from twin concordance studies, or 

through relative risk calculations. Evidence of heritability of obesity will be 

discussed in Chapter 2.  

Continuous variation typically arises when a trait is controlled by a number of 

genes. Each allele segregates in a Mendelian fashion, but only makes a small 

contribution to the overall phenotype. The combined effect of many genes, 

modified by environmental factors, produces the continuous variation observed 

(Figure 4A shows an example of variation where two loci control a trait that is also 

influenced by environment).  

Phenotypes tend to run in families. Families form a subpopulation that shows a 

continuous distribution (due to environmental factors) around a mean determined 

by their genotype. This is shown in Figure 4B. The upper graph shows a 

population distribution of a specific phenotype. Relatives of individuals within the 

5% extreme of the distribution (indicated in blue) will have a distribution that is 

shifted from the population mean (blue line in lower graph). A greater proportion 

of the relatives will exhibit the extreme phenotype.  

Identifying genes involved in complex phenotypes or diseases is extremely 

difficult. The correlation between phenotype and genotype is expected to be very 

low when each gene only displays a small contribution. To identify these genes it 

A B

Figure 4: A, two loci controlling a trait with environmental variation. B, The threshold model for 

complex diseases [Book 1 by Sudberry] 
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is necessary to examine large numbers of affected individuals (this will be 

discussed in further detail in Chapter 3). As a consequence, the literature is 

characterized by failure of replication. The main approaches to search for genes 

involved in complex diseases and their difficulties will be attended in Chapter 3.   

1.4 Aim and outline 

The global rise in prevalence of obesity will be followed by a rise in prevalence of 

cardiovascular diseases, metabolic syndrome and cancer. This increasing need for 

medical care caused by obesity is a huge burden on society. But it is also a 

burden on the individuals, obese people often have severe emotional problems 

and their physical abilities are limited. They are inclined to fall into vicious cycles 

of dieting and relapsing, which frequently worsens their situation.  

Understanding obesity and understanding why these individuals fail to balance 

their energy intake and expenditure is a key point in bringing this “pandemic” to a 

halt. Genetic research can provide information about the core of the problem, 

because it is the key to understanding the mechanism underlying the problem.  

The aim of this thesis is to give an overview of the scientific evidence for genetic 

contribution to obesity, with an overview of approaches to identify genes involved 

including the most promising results. It covers only human common (polygenic) 

obesity, excluding (monogenic) disorders that display obesity as a clinical feature.  

Outline 

Twin and family studies provide interesting data on heritability. An overview of 

correlations between twins, siblings and unrelated individuals will be given in 

Chapter 2. The different obesity phenotype traits that are used in these studies 

will be discussed.  

Approaches to identify genes involved in complex disorders such as obesity will be 

covered in Chapter 3. To date there are 127 candidate genes found to be 

associated with obesity (endo)phenotypes (13). However, data replication has 

proved to be quite problematic, as is often the case in complex multifactorial 

traits. Of the 127 genes, only 22 of them have been replicated more than five 

times. The 12 most promising are discussed in this thesis, these are supported by 

10 or more studies. Furthermore linkage analysis will be discussed, including 

genome wide association studies. To date there are only a few whole genome 

scans published on phenotypes of obesity. It is a promising technique that does 

not rely on knowledge of the pathogenesis and it could successfully reveal new 

etiological pathways.  
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Chapter 2 Heritability  

Twin and family studies are of great value for heritability research, because the 

approach aims to disentangle the sharing of genes and environment. Any 

characteristic that you observe in families might reflect shared genes but they will 

also reflect shared environment. Twin studies compare the similarity of 

monozygotic (MZ) twins, who are genetically identical, to that of dizygotic (DZ) 

twins, who share only 50% of their genes. If the DZ twin pairs show less similarity 

than the MZ pairs, the event studied is likely to be caused (at least partly) by 

genetic factors. And if environment would be the sole cause of an event, you 

would expect to see no difference between MZ or DZ twins. Although there is 

criticism on twin study designs, twin studies are regarded as a powerful design for 

estimating genetic effects (22-25) [Book 1 by Sudberry, Book 2 by Neale and 

Cardon, Book 3 by McGuffin].  

There are many ways to analyze twin studies including concordance ratios, 

regression-based analyses and structural equation modeling (25). However, 

discussing these approaches lies beyond the objective of this thesis. Correlation 

coefficients are a convenient way of summarizing similarities of twin pairs, and 

will therefore be used here mainly. 

 

2.1 Body Mass Index (BMI) 

The heritability of BMI has always been of interest, with publications dating of 

almost a century ago (26). Stunkard et al performed a large twin study in 1986, 

studying male twin pairs born between 1917 and 1927 (27). They found intrapair 

Box 1: Correlation values 

A correlation indicates the strength and 
direction of a relation between two 
variables; it ranges between -1 and 1.   

If twins would have exactly the same 
response to a certain event, the 
correlation would be 1. If they would 
respond exactly opposite of each other, 
the correlation would be -1.  

If both variables would be independent of 
each other (e.g. comparing (unrelated) 
neighbors in stead of twins), the 
correlation would be 0. 

 

 

 

Box 1: Correlation values 
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correlations (see Box 1) for BMI at age 20 of 0.81 in MZ twins and 0.42 in DZ 

twins, estimating that 77% of the variance in BMI is accounted for by genetic 

factors (standard error of the heritability’s (SE) = 0.039; no p-value available) 

(27). At 25-year follow up the heritability was estimated at 84% (SE = 0.048), 

indicating that this contribution remains stable throughout life (27). This is 

comparable to the heritability of height (9;27). More recent studies found 

correlations varying from 0.50 – 0.80 (24;28;29). Silventoinen et al show BMI 

correlations for MZ and DZ twins throughout childhood (2) (see Figure 5). They 

explain their high correlations by stating that in previous studies most participants 

were older, which may decrease heritability estimates as unique environmental 

factors have had more time to influence body fat mass.  

These results are confirmed by a study of twins that have been reared apart in 

Sweden. Separation of twins is not common, but did happen during the first three 

decades of the 20th century due to economic depression and epidemics (affecting 

the parents). This study found intrapair correlations of approximately 0.70 for MZ 

twins reared apart and approximately 0.20 for DZ twins reared apart (30).  

An adoption family study published in 1986 also revealed evidence for heritability. 

The BMI of adoptees appeared to be strongly correlated to the BMI of their 

biological parents (p<0.0001 for mothers and p<0.02 for fathers) (31). The 

adoptees were classified in four different weight categories (I – IV) and compared 

to the BMI of their biological and adoptive parents. As can be seen in Figure 6 

adoptees in the highest weight class had biological parents with a high BMI (31). 

Figure 5: Mean BMI (ponderal index kg/m3 at birth), standard deviations and correlations for twin pairs 

(s.d. : standard deviation). a Adjusted for exact age at time of measurement b Logarithmic 

transformation was used (2) 
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There is no apparent relation between BMI of adoptive parents and their 

adoptees.  

 

Figure 6: Mean BMI of biological and adoptive parents compared to the weight class of the adoptees 

(BF: biological father; BM: biological mother; AF: adoptive father; AM: adoptive mother) (31) 

A more experimental way of studying the heritability of BMI and fat mass is 

through analyzing the response to long-term overfeeding. Bouchard et al overfed 

twelve male MZ twin pairs by 1000 kilocalories (kcal) (4.2 megajoule) per day, six 

days a week, over a period of 100 days (32). The mean increase in bodyweight 

was 8.1 kg, ranging from 4.3 to 13.3 kg. The change in bodyweight differed 

considerably between the twins but showed resemblance within the twin pairs 

(average correlation of 0.50) (see Figure 7). 

 

Figure 7: Similarity within twin pairs in response to overfeeding (32). Each point represents one pair of 

twins (A & B). The closer the points are to the diagonal line, the more similar the twins are to each 

other. ‘F’ refers to the ratio of variance between pairs to variance within pairs.  
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Hainer et al studied 14 pairs of obese female identical twins. The twins followed a 

standardized weight loosing therapy including a low calorie diet and daily exercise. 

The changes in weight and body composition showed great variability in the 

group, but were highly correlated within the twin pairs (adjusted correlation body 

weight 0.77, p=0.0008; fat mass 0.89 p<0.0001) (33).  

In 1997 the results of approximately 70 twin, family and adoption studies on 

obesity have been reviewed by Maes et al (24). Their conclusion is that genetic 

factors explain 50 – 90% of the variance in BMI. The weighted mean correlations 

for BMI based on data from more than 25.000 twin pairs and 50.000 biological 

and adoptive family members are shown in Table 3 and Figure 8.  

Relation Correlation BMI 

MZ twins 0.74 

DZ twins 0.32 

Siblings 0.25 

Parent-offspring pairs 0.19 

Adoptive relatives 0.06 

Spouses 0.12 

Table 3: Weighted mean correlations for BMI (24) 

 

Figure 8: Reported correlations by sample size (x axis: sample size, y axis: correlations) (24). 

Weighted mean values are shown in Table 3.  
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The correlations and heritability estimates are compare well with other complex 

polygenic diseases such as schizophrenia (0.81) and autism (0.90), and are much 

higher than for other complex traits such as hypertension (0.29) and depression 

(0.50) (34).   

2.2 Food intake 

If BMI and fat mass are influenced by inheritance, then the ingestive behaviours 

underlying this might be genetically influenced as well. Capturing ingestive 

behaviour with an objective reliable method is quite a challenge. Nonetheless, a 

good number of studies have been published on this subject.   

Van den Bree et al studied twin resemblance in food intake through a food 

frequency questionnaire (35). They calculated correlations for food use (choice of 

food items), serving size and consumption frequency (see Figure 9). They 

analyzed the data separately for a healthy (pattern 1) and a less healthy eating 

pattern (pattern 2), revealing higher concordance between twins in the less 

healthy eating pattern (see Figure 9). All correlation coefficients were significant 

(P ≤ 0.05), with the exception of pattern 1 and 2 serving size for DZ male and 

opposite-sex twins, and pattern 2 food use and consumption frequency for DZ 

male twins (35). Correlations of MZ twins exceeded the correlation for DZ twins, 

suggesting that genes influence food choice, serving size and consumption 

frequency. Previously it has been discussed that the frequency of contact between 

twins might bias research results (36). Therefore Van den Bree et al controlled for 

twin closeness, but they did not find evidence of associations between closeness 

and resemblance for the eating patterns (35).  

 

Figure 9: Correlation coefficients for different twin groups (MZM: MZ male; DZM: DZ male; MZF: MZ 

female; DZF: DZ female; DZ-OS: DZ opposite sex) (35) 
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Van den Bree et al also calculated the relative contributions of heritable 

influences, common and specific environmental influences (see Figure 10) (35). 

Overall, heritable factors account for about one third of the total phenotypic 

variation in both eating patterns. The common environmental influences are 

generally small, the specific environment component (unique to an individual) has 

the largest influence (35).  

 

Figure 10: h2, heritable influences; c2, common environmental influences (family); e2, specific 

environmental influences (unique to an individual) (35) (see Box 2)  

Another innovative approach has been conducted by Faith et al. They studied 36 

MZ and 18 DZ twin pairs consuming a buffet lunch (ad libitum) (37). The twins did 

not eat in each others company. As hypothesized, MZ twins showed higher 

correlations than DZ twins (0.80 vs 0.68). The heritability estimate was calculated 

Box 2: Heritability - h2  

The heritability of a phenotype is the proportion of phenotypic variance that is due to genotype. 

The variance (σ) of observable phenotypes (p) can be expressed as a sum of unobservable 

underlying variances (σ) in genotype (g) and environment (e): σp = σg + σe. The proportion of 

phenotypic variance due to genotype equals “σg \ σp” , and is called broad sense heritability (H2). 

H2 reflects all genetic contributions to a populations phenotypic variance, including additive 

variance (effect of individual alleles), dominance (interactions between alleles at the same 

locus) and epistasis (interactions between alleles at different loci). Because most relatives 

(except for twins and full siblings) share only one or no genes that are identical by descent, 

phenotypic resemblance is only affected by additive genetic effects (a), described by the narrow 

sense heritability (h2) which equals “σa \ σp” (1)  

Box 2: Heritability - h2 [Book 1 by Sudberry, Book 3 by McGuffin]. 
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on 24%, meaning that it is estimated that 24% of the variance in caloric intake 

could be attributed to genetic factors.  

A twin’s reared apart study has also been carried out to study food intake. Hur et 

al studied 66 MZ and 51 DZ Danish twins reared apart, and interestingly also their 

spouses (38). They found only moderate correlations for the MZ twins reared 

apart, and peculiarly somewhat higher correlations for the DZ twins reared apart 

(see Table 4) (38). They mention in their discussion that prenatal effects might be 

important in food intake, however this should then become apparent from reared-

together twin studies as well – which is not the case. As they conclude 

themselves, the few existing reared apart twin studies do not support their 

findings. Though it emphasizes that more research is needed using various 

kinships to resolve the genetic contribution to food intake.  

Relation Nutrient intake  Snack frequency Meal frequency 

MZ reared apart 0.22 0.30 0.35 

DZ reared apart 0.35 0.08 0.12 

Spouses 0.22 0.09 0.40 

Table 4: Average correlations. Nutrient intake refers to calories and macronutrients (carbohydrate, 

protein and fat) intake. (38) 

Another example of correlations for various pairs of relatives is given in Table 5. It 

is a 1988 report which suggests a common familial effect and a genetic effect on 

food intake (adjusted for age, sex and body weight) (39). The strong spousal 

effect seen could be reflecting a familial affect, but could also be the consequence 

of assortative mating (22).  

Variable Siblings by 

adoption 

(115)a 

Foster 

parent–

adopted 

child (314) 

Spouses 

(339) 

Parent–

offspring 

(1212) 

Siblings 

(361) 

DZ twins 

(40) 

MZ twins 

(40) 

Energy intake 

(kcal/kg day) 

0.21 0.29** 0.31** 0.26** 0.30** 0.58** 0.69** 

Carbohydrate 

(% energy) 

0.21* 0.08 0.50** 0.29** 0.37** 0.49** 0.70** 

Fat (% energy) 0.04 0.18** 0.45** 0.31** 0.36** 0.59** 0.61** 

Protein (% 

energy) 

0.22* 0.22** 0.28** 0.27** 0.38** 0.55** 0.71** 

Table 5: Correlations for various pairs of relatives by descent or adoption for energy and macronutrient 

intake (a number of pairs 8 p<0.05 ** p<0.01) (39) 
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A review by John de Castro states that heritability accounts for 42% of the 

variance in daily food intake (21). Meal size and meal frequencies are affected for 

28% and 34% respectively by heredity according to his results. He has also found 

genetic effects on the amount of food that an individual tends to have in its 

stomach before and after a meal (21), thus suggesting a genetic influence on 

meal initiation and termination.  

Genes associated with food intake 

A genetic study focusing specifically on food intake found associations between 

genes and eating patterns. Obese persons with common variations in the leptin or 

leptin receptor gene had an increased risk on extreme snacking behaviour (41). 

Common variations in the cholecystokinin (CCK) gene were associated with 

increased meal sizes (41). These results support the findings of de Castro, that 

meal initiation and termination are influenced by inheritance (21).  

A very recent paper associates the Tubby (TUB) gene with macronutrient intake. 

Loss of function mutations of the TUB gene result in late onset obesity, insulin 

resistance and neurological deficits in mice (42). In humans the AG heterozygotes 

and AA homozygotes of the rs2272382 single nucleotide polymorphism (SNP) 

appear to be associated with a lower intake of fat and a higher intake of 

carbohydrates (as percentage of total energy intake) (42).   

2.3 Eating behaviour 

Everybody understands that obese individuals should eat less, however they often 

continuously fail to do this. They fail to eat less because they fail to change their 

behaviour. Changing eating behaviour is very complicated because food intake is 

influenced by many factors: energy homeostasis, cultural, social, learning, 

anxiety, hedonics and motivation. Eating behaviour can be studied by looking at 

specific behavioural traits, e.g. restraint (cognitive avoidance of eating), 

disinhibition (loss of restraint resulting in overeating) and hunger (the perceived 

need for food) (22). Several models have been developed to explain eating styles 

in relation to obesity, e.g. the psychosomatic (anxiety and stress relief eating), 

internal/external (lack of understanding of hunger/satiety signals) and restraint 

theories (chronic dieting as a cause of overeating) (43). There have been different 

attempts to study individual eating styles in relation to BMI and heritability.  

De Castro and Lilenfeld show in 2005 that 44% of the variation in cognitive 

restraint and 24% for perceived hunger can be explained by additive genetic 

effects (see Box 2) (44) in 150 twin pairs measured by the TFEQ, but they did not 

find significant correlations for disinhibition scores (44). The evidence for genetic 
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influence on restraint is confirmed by the results of a second independent 

questionnaire, the Restraint Scale, which showed 58% of the variance in restraint 

was due to additive genetic effects (44). Common familial environment is 

according to this study the main factor in disinhibition. De Castro and Lilenfeld 

also tested relations between body weight and restraint. They found no significant 

effects of BMI on cognitive restraint measured by the TFEQ, but did find a relation 

between BMI and the Restraint Scale score. Because results remained significant 

after correction for this, the authors conclude that there are genetic influences on 

restraint independent of body weight (44). However, whether either restraint is a 

causative factor in the development of obesity or obesity is a cause of restraint 

eating needs further investigation.  

In the same year Tholin et al published a study on 800 male twin pairs from 

Sweden, who were on average 26 years old and had an average BMI of 24 (45). 

They used a revised version of the TFEQ, the TFEQ-R21, which has 21 items and 

scores cognitive restraint, emotional eating and uncontrolled eating. The within-

pair correlations of the three scales were more than twice as high in the MZ twins 

compared to the DZ twins, which indicates a genetic effect on eating behaviour. It 

seems that both additive and non-additive effects are important. The broad sense 

heritability (see Box 2) was estimated to 59% for cognitive restraint, 60% for 

emotional eating and 45% for uncontrolled eating (see Table 6) (45). Cognitive 

restraint was the only scale that was significantly correlated with BMI (r =0.39, p 

< 0.0001) (45).  

Eating behaviour 

scales 

Heritability 

estimate (CI) 

Cognitive restraint 0.59 (0.52 – 0.66) 

Emotional eating 0.60 (0.52 – 0.67) 

Uncontrolled eating 0.45 (0.36 – 0.53) 

Table 6: Broad sense heritability estimates of eating behaviour (45)  

Tholin et al controlled for potential violation of the equal environment assumption 

by questioning twin’s contact frequency. If environmental factors that affect 

eating behaviour are more strongly correlated in MZ than in DZ twins, the 

heritability of eating behaviour might be overestimated. They did not find 

evidence or indications that the equal environment assumption was violated (45). 

However, the authors do emphasize that they cannot exclude the possibility that 

other factors not captured by the frequency of contact, e.g. maternal feeding, 

made MZ twins more alike than the DZ twins.  
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Keski-Rahkonen et al use a distinct questionnaire that scores 

restrictive/overeating, snacking, health-conscious, emotional, and externally 

induced eating styles. After controlling for gender and BMI and T1 (T1 is 6-11 

years before this questionnaire) and multivariable modelling only 

restricting/overeating styles were associated with increased risk of obesity, and 

health-conscious eating style slightly reduced the risk (43). They suggest that the 

influence of the other eating styles on BMI is mediated by restrictive/overeating 

and health-conscious eating styles, pointing out the importance of these traits 

(43). Interestingly, their data does not seem to support a major genetic influence 

on eating styles. They found that MZ twins discordant for overweight were also 

discordant for restrictive eating styles, and MZ and DZ twins were less likely to 

have similar eating patterns than similar BMI’s (43). Hence they suggest that 

eating styles are mainly environmentally influenced, acting secondary on 

genetically predisposed weight regulation.  

More research into the importance of eating styles, whether they are causal or 

consequence and have an environmental or genetic background is necessary. 

Nevertheless eating styles measured by validated questionnaires may be 

promising (endo)phenotypes for future genetic research in obesity.    
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Chapter 3 Identifying genes involved in the aetiology of 

obesity 

There are different ways to map genes that underlie common disease, broadly 

they fall into two categories: genome wide studies and candidate gene studies 

(46). Genome wide studies, including linkage-mapping and genome wide 

association (GWA) studies, have the advantage that they not depend on prior 

knowledge of pathophysiology. It is particularly interesting in the first stage of 

genetic research, because it can be used to map regions of interest. These regions 

can then be confirmed and fine mapped using candidate gene approaches or 

resequencing studies.   

 

Figure 11: Approaches to identify variants underlying complex traits and common diseases [adapted 

from (46)]. Association* refers to candidate gene association studies. 

Finding variants underlying complex polygenic disorders is very difficult, because 

each causal gene only has a modest effect. The following figure (Figure 1) 

provides an overview of the frequency and penetrance of genetic variants. Linkage 

studies have been successful in identifying variants underlying Mendelian 

diseases, whereas GWA studies are most promising to find common variants with 

a low penetrance.  
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Figure 1: Overview of the frequency and penetrance of genetic variants underlying disease. Linkage 

studies have been most successful in identifying genes underlying Mendelian diseases, whereas GWA 

studies are most promising to find common variants with a low penetrance (47)  

3.1 Genome wide studies 

3.1.1 Linkage 

Linkage studies are family studies that aim to find regions of the DNA that show 

co transmission with a particular disease. Linkage relies on the fact that 

recombination occurs on average only once or twice per chromosome in the 

formation of gametes, resulting in a high probability that a marker allele and an 

allele causing a disorder will be inherited together within a family [Book 1 by 

Sudberry]. A marker allele is a short known DNA sequence that is naturally 

polymorphic, e.g. a microsatellites or a single nucleotide polymorphism (SNP). 

There are many sets of linkage-mapping markers, which form a genetic map with 

markers evenly spaced across the genome.  

There are two types of linkage research, parametric and non-parametric [Book 3 

by McGuffin]. Parametric linkage requires a genetic model, including mode of 

transmission, dominance, allele frequency, penetrance etc. It is the most powerful 

analysis but it is not suitable for polygenic disorders. Non-parametric linkage is 

based on the assumption that the region of the risk gene will be inherited by 

affected family members more frequently than expected by chance, thus it does 

not require an explicit model of disease. The most widely used linkage design is 

the affected sib-pair method; affected sib-pairs are expected to have increased 

sharing of the risk gene.  

Evidence for linkage is most commonly expressed by a logarithm of the odds 

score (LOD).  The traditional interpretation of a LOD score is suggested by Morton 

in 1955 and outlined in Table 7 (48). However, in complex disorders – where 

mode of inheritance is uncertain – a LOD score or 3 does not guarantee a high 
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probability of true linkage. Therefore, Lander and Kruglyak suggested an 

alternative interpretation of the LOD score in 1995, specifically for complex 

disorders in order to prevent false positive claims (see Table 7) (49).  

LOD score Interpretation complex disorders LOD score Traditional interpretation 

Large pedigree  

≥ 1.9 Suggestive linkage ≤ -2 Strong evidence to exclude linkage 

≥ 3.3 Significant linkage ≥ 3 Strong evidence for linkage 

Sib-pairs 

≥ 2.2 Suggestive linkage 

≥ 3.6 Significant linkage 

 

Table 7: Interpretation of LOD scores (48;49) 

Both linkage methods will only detect strongly acting genes, in contrast to 

association studies that are able to detect genes of minor effect. The minimum 

effect size of an allele that can be detected by linkage – with a feasible sample 

size – is an odds ratio of 1.5 (50). Linkage has proven to be very effective in 

locating genes for monogenic disorders, particularly for disease causing variants 

that are rare and highly penetrant. However, it is less powerful for identifying 

common variants that have a modest effect on disease.  

3.1.2 Genome wide association (GWA) 

The difference between linkage and GWA studies is that in GWA studies 

association focuses on population frequency of susceptibility variants rather than 

concordant heritance of markers. In the simplest form association studies 

compare the frequency of an allele or genotype of a particular variant between 

cases and controls (46). This variant, a SNP, is expected to be either the causal 

variant or a variant in strong LD with the causal variant (51;52). In a typical GWA 

studie 300.000 – 500.000 SNPs are included. GWA studies have greater power to 

detect small effects compared to traditional linkage, but it requires many more 

variants to be examined.  

A GWA study performs a large number of tests, and all p-values need to be 

corrected for multiple testing to prevent false-positive results. Risch and 

Merikangas (50) propose a p-value of 5 x 10-8 (equivalent to a p-value of 0.05 

after Bonferroni correction for 1 million independent tests) where the Wellcome 

Trust Case Control Consortium suggests a p-value of 5 x 10-7 (53). Hischhorn and 

Daly give an example of the impact of this stringent p-value in Box 3;  
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Box 3: Example of the impact of the current p-value suggestions for GWA studies (46) 

3.1.3 Linkage and GWA studies in obesity 

The Human Obesity Gene Map 2005 (13) includes all literature published on 

linkage with obesity-related phenotypes until October 2005, Table 8 provides an 

overview of the most promising regions. Since October 2005 there have been no 

publications on the markers or locations mentioned in Table 8 related to obesity. 

Except for one case-report describing a girl with Prader-Willi-like symptoms, 

including obesity and hyperphagia, caused by a de novo deletion of the region 

1p36.33-36.32 just nearby marker D1S468 on 1p36.32 (54).  

GWA studies have pointed out two more genes to be associated with obesity. 

Frayling et al identified and replicated a common variant in the fat mass and 

obesity associated (FTO) gene (55). Adults with one copy of the rs9939609 A 

allele weighed on average 1.2 kilograms more than those with no copies of the 

variant. This association has been replicated by several other groups (56-58). In a 

GWA study by Loos et al common variants influencing BMI near the melanocortin-

4 receptor came up (57). These variants had already been associated with obesity 

in a different study design and have been replicated several times since (59-62).        

Gene/marker Location Population Phenotype Score Reference 

A meta-analyses of five studies 

Chr 8 region 8pter-

p23.3 

2814 subjects, 505 families body mass 

index 

p = 4.6e-05 {Johnson, 

2005} 

Loci with five replications 

D2S1788 2p22.3 5000 relative pairs leptin Lod = 4.9 {Comuzzie, 

1997} 

      fat mass Lod = 2.8   

    337 subjects leptin Lod = 7.5 {Hixson, 

1999} 

    1778 sibships body mass 

index 

p = 0.0006 {Moslehi, 

2003} 

Consider an allele with a frequency of 15% and an odds ratio of 1.25 (similar 

to that of PPARG Pro12Ala variant associated with type 2 diabetes). For such a 

variant, even assuming that the causal SNP has been typed, nearly 6000 

cases and 6000 controls are required to provide 80% power to detect 

associations with a p-value of 5 x 10-8  
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    349 subjects, 66 pedigrees (in 

whites) 

body mass 

index 

Lod = 3.08 {Palmer, 

2003} 

    720 subjects, 230 families leptin p = 0.008 {Rotimi, 

1999} 

      body mass 

index 

p = 0.008   

D3S2427 3q26.33 2209 subjects, 507 families body mass 

index 

Lod = 3.3 {Kissebah, 

2000} 

      waist 

circumference 

Lod = 2.4   

    1348 subjects, 1124 families body mass 

index (Men) 

Lod = 1.7 {Lewis, 

2005} 

    545 subjects, 128 families (in 

African Americans) 

body mass 

index 

Lod = 4.3 {Luke, 

2003} 

    1055 pairs body mass 

index 

Lod = 3.4 {Wu, 

2002} 

    618 subjects, 202 families body mass 

index 

Lod = 1.8 {Zhu, 

2002} 

Loci with four replications 

D11S4464 11q24.1 430 subjects, 27 sibling pairs, 

27 pedigrees 

body mass 

index 

Lod = 2.3 {Arya, 

2004} 

    1526 pairs (in Pima Indians) body mass 

index 

Lod = 2.7 {Lindsay, 

2001} 

    1778 sibships body mass 

index 

p = 0.0023 {Moslehi, 

2003} 

    994 subjects, 37 pedigrees body mass 

index 

Lod = 2.8 {Stone, 

2002} 

Loci with three replications 

D1S468 1p36.32 1,249 sib pairs pairs, >10,000 

relative pairs, Ascertained 

through proband with 

extremely low bone mass 

body mass 

index 

Lod = 2.75, 

MLS = 2.09 

{Deng, 

2002} 

    758 subjects, 53 pedigrees body mass 

index 

Lod = 2.32 {Liu, 

2004} 

    994 subjects, 37 pedigrees body mass 

index 

Lod = 2.5 {Stone, 

2002} 

D1S534 1p11.2 769 subjects, 182 families (in 

Africans) 

body mass 

index 

Lod = 2.24 {Adeyemo, 

2003} 
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    514 subjects, 99 families, 347 

sibships 

total energy 

intake 

p = 0.0008 {Collaku, 

2004} 

      fat intake p = 0.00038   

    521 subjects, 156 families 

(Quebec Family Study) 

abdominal 

subcutaneous 

fat 

Lod = 2.3 {Perusse, 

2001} 

D7S1875 7q32.2 302 subjects, 57 families, 545 

sibling pairs, non-diabetic 

Mexican-Americans from Starr 

County, Texas (in Mexican 

Americans) 

waist-hip ratio p = 0.009 {Bray, 

1999} 

    521 subjects, 156 families 

(Quebec Family Study) 

abdominal 

subcutaneous 

fat 

Lod = 2 {Perusse, 

2001} 

    88 trios (index probands and 

both parents) (in German 

children and adolescents) 

body mass 

index 

p = 0.04 {Roth, 

1997} 

D10S197 10p12.2 1297 subjects, 260 families bmi ? 27, 

maternal 

Lod = 4.9 {Dong, 

2005} 

    264 pairs obesity Lod = 2.24 {Hager, 

1998} 

    369 subjects, 89 families (in 

white children and adolecents) 

obesity Lod = 2.5 {Saar, 

2003} 

D11S2000 11q22.3 769 subjects, 182 families (in 

Africans) 

body mass 

index 

Lod = 3.35 {Adeyemo, 

2003} 

    377 pairs (in Pima Indians) body fat, 

percentage 

Lod = 2.8 {Norman, 

1997} 

    157 subjects, 7 families (in 

whites) 

body mass 

index 

p = 0.0079 {Platte, 

2003} 

D11S912 11q24.3 264 families, 1766 pairs, 966 

siblings 

body mass 

index 

Lod = 3.6 {Hanson, 

1998} 

    1778 sibships body mass 

index 

p = 0.0003 {Moslehi, 

2003} 

    994 subjects, 37 pedigrees body mass 

index 

Lod = 2.7 {Stone, 

2002} 

GATA49D12N 

(D3S2395) 

12p13.31 1297 subjects, 260 families bmi ? 27 NPL = 2.12 {Dong, 

2005} 

    893 sibling pairs (in whites) body mass 

index, 

p = 0.006, 

Lod = 1.83 

{Gorlova, 

2003} 
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paternal effect 

    1297 subjects, 260 families bmi > 27 NPL = 2.12 {Li, 2004} 

D12S2070 12q24.21 514 subjects, 99 families, 347 

sibships 

percent fat 

intake 

p = 0.002 {Collaku, 

2004} 

    1297 subjects, 260 families bmi, maternal MLS = 4.01 {Dong, 

2005} 

      waist 

circumference, 

maternal 

MLS = 3.69   

    1297 subjects, 260 families percent body 

fat 

Lod = 3.79 {Dong, 

2005} 

    1297 subjects, 260 families body mass 

index 

Lod = 3.57 {Li, 2004} 

      waist 

circumference 

Lod = 3.05   

D13S800 13q21.32 342 families trends in bmi 

from 

childhood to 

adulthood 

Lod = 2 {Chen, 

2004} 

    1297 subjects, 260 families body mass 

index 

Lod = 2.7 {Dong, 

2005} 

    1297 subjects, 260 families body mass 

index 

Lod = 2.7 {Li, 2004} 

D13S779 13q32.2 1297 subjects, 260 families body mass 

index 

Lod = 2.82 {Dong, 

2005} 

    1312 subjects, 696 families factor central 

obesity 

MLS = 2.67 {Kraja, 

2005} 

    1297 subjects, 260 families body mass 

index 

Lod = 2.82 {Li, 2004} 

      waist 

circumference 

Lod = 1.8   

D17S947 17p12 1100 subjects, 170 families (in 

Northern Europeans) 

adiponectin Lod = 1.7 {Comuzzie, 

2001} 

    2209 subjects, 507 families leptin Lod = 5 {Kissebah, 

2000} 

    1055 pairs body mass 

index 

Lod = 2.5 {Wu, 

2002} 

D17S1290 17q23.2 660 subjects, 202 families, 

315 sibling pairs, 274 males, 

eating 

behavior, 

MLS = 2.45 {Bouchard, 

2004} 
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386 females (Quebec Family 

Study) 

hunger 

    729 subjects, 275 families body mass 

index 

MLS = 2.76 {Norris, 

2005} 

    521 subjects, 156 families 

(Quebec Family Study) 

abdominal 

subcutaneous 

fat 

Lod = 2.2 {Perusse, 

2001} 

Table 8: Evidence for linkage, including only those that have been replicated three times or more. 

MLS, maximum lod score; NPL, non-parametric linkage score. (adapted from the Human Obesity Gene 

Map 2005 (13)) 

3.2 Candidate gene approaches 

3.2.1 Candidate gene association 

Candidate genes are chosen based on knowledge of the biological systems 

involved in the pathobiology of the disease. The frequeny of prevalence of 

variants in these candidates is compared between cases and controls. Candidate 

gene association is cheaper and faster than GWA but does require prior knowledge 

of the pathophysiology.  

The Human Obesity Gene Map 2005 (13) includes all literature published on 

candidate gene associations with obesity-related phenotypes until October 2005, 

the following sections will discuss the 12 most promising genes that each have 10 

or more replications.  

Adiponectin (AdipoQ) 

Adiponectin is a secretory protein exclusively produced by adipose tissue, and is 

homologous to collagen VIII and X and complement factor C1q (63). It is involved 

in glucose metabolism and fatty acid oxidation, presumably through activation of 

5′-AMP-activated protein kinase (AMPK) (64). Furthermore, adiponectin 

suppresses TNF-induced endothelial inflammatory responses (65). Plasma 

adiponectin levels are decreased in obesity and increase as consequence of weight 

reduction in obese individuals (66-68).  

Since the publication of The Human Obesity Gene Map in October 2005 more than 

50 articles have been published on the genetics of adiponectin related to obesity.  

10 Mb from the location of adiponection is a marker that displays linkage to 

obesity; D3S2427 on 3q26.33 (see Table 8).  

Gene Location Cases Phenotype P-value Reference 
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4479 cases 3-year increase in bmi 0.033 {Fumeron, 2004} 

4479 cases 3-year increase in whr 0.01 {Fumeron, 2004} 

103 cases body mass index 0.03 {Gu, 2004} 

995 cases obesity 0.047 {Hu, 2004} 

413 cases 

body weight, waist 

circumference (in Japanese, 

in whites) 

0.03 {Menzaghi, 2002} 

194 subjects BMI 0.017 {Nakatani, 2005} 

371 cases body mass index 0.02 {Stumvoll, 2002} 

811 subjects, 

45 families 

BMI (Hispanic families from 

IRAS) 
0.004 {Sutton, 2005} 

811 subjects, 

45 families 

waist circumference 

(Hispanic families from 

IRAS) 

0.001 {Sutton, 2005} 

811 subjects, 

45 families 

AVF (Hispanic families from 

IRAS) 
0.01 {Sutton, 2005} 

95 cases 
body mass index (in obese 

women) 
0.014 {Ukkola, 2003} 

95 cases 
sagittal abdominal diameter 

(in obese women) 
0.032 {Ukkola, 2003} 

100 subjects, 

100 females 
BMI (Women with PCOS) 0.01 {Xita, 2005} 

245 cases body mass index 0.05 {Yang, 2003} 

ADIPOQ 3q27 

770 subjects 

weight change during 

acarbose trial (STOP-NIDDM 

trial cohort) 

0.043 {Zacharova, 2005} 

Table 9: Adiponectin associated with obesity phenotypes (13) 

Beta-adrenergic receptors (ADRB) 

Beta-adrenergic receptors belong to the family of G-protein coupled 

transmembrane receptors and are widely expressed. In the lung the ADRB2 

receptor is expressed on the surface of smooth muscle cells where it controls 

bronchial responsiveness and is associated with asthma (69).  

Stimulation of beta-adrenergic receptors in adipose tissue activates lipolysis and 

controls the nutritive blood flow (70). Polymorphisms in these receptors have 

been shown to alter lipolysis and fat oxidation in response to exercise (71). 

Activation of lypolysis releases fatty acids into the bloodstream. These fatty acids 
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are believed to displace tryptophan bound to albumin, leading to increased 

tryptophan levels in the brain which in turn elevate serotonin levels (72).  

Beta-adrenergic receptors are known to regulate neuronal functions and 

behaviour. Anxiety disorders and depression are associated with decreased beta-

adrenergic receptor function (73). Agonists of the receptors increase brain 

serotonergic and noradrenergic neurotransmissions and have antidepressant and 

anxiolytic effects (74).  

Since the publication of the associations mentioned in Table 10 another 25 papers 

have been published to date on the relation between beta-adrenergic receptors 

and obesity. The 5q31-q32 and 8p12-p11.2 regions where these proteins are 

located are not in the top linkage areas mentioned in Table 8. 

Gene Location Cases Phenotype P-value Reference 

239 cases waist-to-hip ratio 0.05 {Corbalan, 2002} 

180 cases body mass index 0.003 {Ehrenborg, 2000} 

494 cases body weight, increase (in 

men) 

0.01 {Ellsworth, 2002} 

141 cases catecholamine induced 

lipolysis in adipocytes 

0.01 {Eriksson, 2004} 

247 cases body mass index, change 

(in women) 

0.04 {Garenc, 2003} 

247 cases fat mass, change (in 

women) 

0.0008 {Garenc, 2003} 

247 cases body fat, percent change 

(in women) 

0.0003 {Garenc, 2003} 

230 cases skinfolds, sum of 8 (in 

men) 

0.03 {Garenc, 2003} 

236 cases lipolysis 0.02 {Hoffstedt, 2001} 

508 cases body mass index (in 

Japanese) 

0.001 {Ishiyama-

Shigemoto, 1999} 

272 subjects BMI (African-Americans 

from IRAS) 

0.001 {Lange, 2005} 

992 subjects BMI (Whole IRAS cohort) 0.045 {Lange, 2005} 

992 subjects WHR (Whole IRAS 

cohort) 

1.00E-04 {Lange, 2005} 

948 subjects AVF (Whole IRAS cohort) 1.00E-04 {Lange, 2005} 

ADRB2 5q31-q32 

140 cases body mass index, fat 0.001 {Large, 1997} 
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mass, fat cell volume 

826 cases body mass index, 

obesity, waist-hip ratio, 

waist circumference, hip 

circumference 

0.05 {Meirhaeghe, 

2000} 

366 cases body mass index (in 

women) 

0.01 {Meirhaeghe, 

2001} 

836 cases body mass index, body 

weight, waist-hip ratio, 

waist circumference, hip 

circumference (in French 

men) 

0.002 {Meirhaeghe, 

1999} 

63 cases body mass index, fat 

mass 

0.05 {Moore, 2001} 

277 cases body mass index (in 

Japanese men) 

0.004 {Mori, 1999} 

1576 cases body mass index 0.02 {Pereira, 2003} 

284 cases leptin 0.03 {Rosmond, 2000} 

224 cases body mass index (in 

men) 

0.01 {Ukkola, 2000} 

24 cases leptin, body weight, 

increase, skinfolds, sum 

of 8 

0.03 {Ukkola, 2001} 

286 cases body weight, increase 0.04 {vanRossum, 

2002} 

  

574 cases body mass index (in 

Japanese) 

0.009 {Yamada, 1999} 

185 cases body weight, increase 

over 20 years, weight, 

current 

0.007 {Clement, 1995} 

313 cases obesity (in those 20 to 

35 years old) 

0.05 {Corbalan, 2002} 

476 cases body mass index (in 

men) 

0.05 {Corella, 2001} 

553 cases obesity (in Japanese 

children) 

0.02 {Endo, 2000} 

179 cases body mass index 0.006 {Festa, 1999} 

ADRB3 8p12 - 

p11.2 

295 cases body mass index 0.05 {Fujisawa, 1996} 
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695 cases body mass index 0.001 {Hao, 2004} 

83 cases body mass index (in CAD 

patients) 

0.05 {Higashi, 1997} 

211 cases obesity, moderate 0.02 {Hoffstedt, 1999} 

53 cases obesity 0.05 {Jeyasingam, 

1997} 

350 cases body mass index 0.009 {Kadowaki, 1995} 

398 cases body mass index, 

abdominal subcutaneous 

fat, abdominal visceral 

fat 

0.02 {Kim-Motoyama, 

1997} 

154 cases obesity (in sedentary 

individuals) 

0.05 {Marti, 2002} 

46 cases 5-year weight gain 0.05 {Matsuoka, 2004} 

586 cases body mass index, hip 

circumference (in 

women) 

0.03 {McFarlane-

Anderson, 1998} 

56 cases body mass index, fat 

mass, waist 

circumference 

0.05 {Mitchell, 1998} 

128 cases body weight, increase 

over 25 years 

0.01 {Nagase, 1997} 

63 cases body mass index 0.001 {Nozaki, 2004} 

63 cases abdominal visceral fat 0.001 {Nozaki, 2004} 

63 cases abdominal subcutaneous 

fat 

0.001 {Nozaki, 2004} 

1675 cases body mass index, 

obesity, body fat, 

percentage 

0.05 {Oizumi, 2001} 

254 cases obesity, early-onset 0.002 {Oksanen, 1996} 

76 cases fat mass (in Thai males) 0.05 {Ongphiphadhanak

ul, 1999} 

131 cases fat mass, abdominal 

visceral fat 

0.01 {Sakane, 1997} 

261 cases body mass index 0.05 {Shima, 1998} 

  

979 cases waist-hip ratio, 

overweight (in men >53 

years old) 

0.05 {Strazzullo, 2001} 
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802 cases body mass index 0.02 {Thomas, 2000} 

224 cases body mass index (in 

men) 

0.02 {Ukkola, 2000} 

49 cases body mass index 0.03 {Urhammer, 1996} 

335 cases waist-hip ratio (in 

women) 

0.02 {Widen, 1995} 

  

47 cases body weight (in obese 

children) 

0.05 {Xinli, 2001} 

Table 10: Beta-adrenergic receptors associated with obesity phenotypes (13) 

Guanine-nucleotide binding protein-3 (GNB3) 

Guanine-nucleotide binding proteins relay signals from G protein-coupled 

receptors, and regulate a variety of intracellular pathways including ion-channels 

and enzymes (75). A splice variant (GNB3-s) causes increased intracellular signal 

transduction and is associated with hypertension and metabolic syndrome 

(including dyslipidemia, hypercholesterolemia, insulin resistance and obesity) 

(75;75;76).  

Since the publication of The Human Obesity Gene Map in October 2005 the 

association between GNB3 and obesity has been tested but failed to be confirmed 

(77-79). A marker 1.2MB upstream of the GNB3 gene does show strong linkage 

with the area; GATA49D12 (D3S2395) from Table 8.  

Gene Location Cases Phenotype P-value Reference 

737 cases obesity (in men) 0.01 {Brand, 2003} 

294 cases weight gain during pregnancy 0.006 {Dishy, 2003} 

230 cases body mass index (in primiparous 

women) 

0.01 {Gutersohn, 

2000} 

20 cases lipolysis 0.01 {Hauner, 2002} 

111 cases weight loss with sibutramine 0.0013 {Hauner, 2003} 

213 cases body mass index, waist 

circumference, hip circumference, 

skinfolds (in Nunavut Inuit) 

0.05 {Hegele, 1999} 

181 cases body weight at birth 0.02 {Hocher, 2000} 

130 cases body mass index 0.001 {Poch, 2002} 

250 cases fat mass, change, body fat, 

percent change 

0.006 {Rankinen, 

2002} 

GNB3 12p13 

114 cases lipolysis (subcutaneous, 0.004 {Ryden, 2002} 
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adrenoreceptor-mediated) 

197 cases body mass index (in 

hypertensives) 

0.02 {Siffert, 1999} 

1950 cases body mass index, body weight (in 

males, white, Chinese and African) 

0.001 {Siffert, 1999} 

774 cases body mass index 0.03 {Stefan, 2004} 

774 cases %body fat 0.02 {Stefan, 2004} 

  

134 cases, 

80 males, 

54 females 

weight change (Chinese 

schizophrenic under antipsychotic) 

0.003 {Wang, 2005} 

Table 11: Guanine binding protein-3 associated with obesity phenotypes (13) 

Serotonin-2c receptor (HTR2C) 

The serotonin system is known to influence a range of behavioural and 

physiological functions like memory, emotions, pain, sex, cognition, 

gastrointestinal, body temperature, hunger and satiety (80). There are at least 

seven families of receptors, of which most are G-protein coupled receptors (81). 

HTR2C is expressed in many brain regions and is a target for medications used to 

treat conditions such as schizophrenia, anxiety, depression, obesity and 

Parkinson’s disease (82). The activity of HTR2C plays a prominent role in the 

excitability of midbrain dopamine-containing neurons (82;83).  

Since the publication of The Human Obesity Gene Map in October 2005 more than 

20 articles have been published on HTR2C related to obesity. The location of 

HTR2C is not among one of the top regions showing linkage to obesity.  

Gene Location Cases Phenotype P-value Reference 

73 cases, 45 

males, 28 

females 

weight change (From 58 Caucasian 

/ 22 African-American 

schizophrenic under antipsychotic) 

0.05 {Basile, 

2002} 

42 cases, 34 

males, 8 

females 

BMI change 10% (Caucasian 

schizophrenic under antipsychotic) 

0.004 {Ellingrod, 

2005} 

293 cases, 

481 controls 

obesity 1.00E-04 {McCarthy, 

2005} 

41 cases, 26 

males, 15 

females 

BMI change % (5 Caucasian / 35 

African-American / 1 Hispanic 

schizophrenic under antipsychotic) 

0.05 {Millerdel, 

2005} 

HTR2C Xq24 

41 cases, 26 

males, 15 

BMI change 7% (5 Caucasian / 35 

African-American / 1 Hispanic 

0.003 {Millerdel, 
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females schizophrenic under antipsychotic) 2005} 

224 cases obesity 0.008 {Pooley, 

2004} 

117 cases body weight, gain, antipsychotic-

induced 

0.0003 {Reynolds, 

2002} 

96 cases, 50 

males, 46 

females 

BMI change (Chinese 

schizophrenic under antipsychotic) 

0.0003 {Reynolds, 

2002} 

96 cases, 50 

males, 46 

females 

BMI change 7% (Chinese 

schizophrenic under antipsychotic) 

0.002 {Reynolds, 

2002} 

32 cases, 21 

males, 11 

females 

BMI change (Chinese 

schizophrenic under antipsychotic) 

0.008 {Reynolds, 

2003} 

73 cases, 55 

males, 18 

females 

BMI change 6 weeks (Caucasian 

schizophrenic under antipsychotic) 

0.003 {Templeman, 

2005} 

73 cases, 55 

males, 18 

females 

BMI change 3 months (Caucasian 

schizophrenic aunder 

antipsychotic) 

0.018 {Templeman, 

2005} 

73 cases, 55 

males, 18 

females 

BMI change 9 months (Caucasian 

schizophrenic under antipsychotic) 

0.03 {Templeman, 

2005} 

73 cases, 55 

males, 18 

females 

BMI change 7% 6 weeks 

(Caucasian schizophrenic under 

antipsychotic) 

0.04 {Templeman, 

2005} 

73 cases, 55 

males, 18 

females 

BMI change 7% 9 months 

(Caucasian schizophrenic under 

antipsychotic) 

0.01 {Templeman, 

2005} 

148 cases body weight, loss (in teenage 

women) 

1.00E-04 {Westberg, 

2002} 

  

589 cases body mass index 0.009 {Yuan, 2000} 

Table 12: Serotonin-2c receptor associated with obesity phenotypes (13) 

Leptin (LEP) and the leptin receptor (LEPR) 

Leptin is expressed in proportion to body fat, it controls feeding, metabolism and 

neuroendocrine functions in order to regulate body weight (84;85). Activation of 

the leptin receptor leads to expression of several genes, including suppressor of 

cytokine signalling-3 (SOCS-3) and c-fos, via activation of the janus kinase - 
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signal-transducer-and-activator-of-transcription-3 (JAK-STAT3) pathway (86).  

Excessive SOCS-3 signalling has been mentioned as potential mechanism for 

leptin resistance in diet induced obesity (87). Leptin receptors are expressed in 

many areas of the brain, most profoundly in the hypothalamus (88). Leptin 

receptors on midbrain dopamine neurons are believed to regulate eating 

behaviour; altering motivation to eat (89).    

Since the publication of the associations in Table 13 leptin has been studied 

extensively with over 2000 publications since 2005 of which over 200 are related 

to genetic variations. Leptin, but not its receptor, also came up in genome-wide 

studies; the 7q32.2 location shows strong linkage (see Table 8).  

Gene Location Cases Phenotype P-value Reference 

103 cases body mass index, body weight 0.005 {Butler, 1998} 

395 cases leptin 0.02 {Hager, 1998} 

39 cases leptin secretion 0.05 {Hoffstedt, 2002} 

738 cases obesity 0.011 {Jiang, 2004} 

738 cases body mass index 0.028 {Jiang, 2004} 

233 cases leptin (in obese women) 0.02 {LeStunff, 2000} 

211 cases obesity (in women) 0.05 {Li, 1999} 

117 cases leptin 0.04 {Mammes, 1998} 

168 cases body weight, decrease 0.006 {Oksanen, 1997} 

84 cases body weight 0.05 {Shintani, 1996} 

73 cases, 55 

males, 18 

females 

BMI change 9 months 

(Caucasian schizophrenic under 

antipsychotic) 

0.03 {Templeman, 

2005} 

128 cases, 

38 controls, 

61 males, 

67 females 

BMI change (Chinese 

schizophrenic under 

antipsychotic) 

0.003 {Zhang, 2003} 

LEP 7q31.3 

128 cases, 

38 controls, 

61 males, 

67 females 

abdominal subcutaneous fat 

change (Chinese schizophrenic 

under antipsychotic) 

0.009 {Zhang, 2003} 

502 cases body mass index, fat mass 0.005 {Chagnon, 2000} 

308 cases fat free mass 0.03 {Chagnon, 1999} 

LEPR 1p31 

335 cases body mass index, body weight, 

fat mass (in women) 

0.01 {deSilva, 2001} 
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103 

subjects 

%body fat 0.02 {Guizar-Mendoza, 

2005} 

405 cases fat mass 0.015 {Liu, 2004} 

405 cases lean mass 0.002 {Liu, 2004} 

179 cases body mass index, fat mass, 

body weight, loss (in 

overweight women) 

0.006 {Mammes, 2001} 

336 cases overweight/obesity 0.009 {Mattevi, 2002} 

220 cases leptin, body mass index, fat 

mass (in postmenopausal 

women) 

1.00E-04 {Quinton, 2001} 

267 cases body mass index, sagittal 

abdominal diameter 

0.04 {Rosmond, 2000} 

600 cases bmi > 25 0.007 {Ross, 2004} 

130 cases obesity, extreme (in children) 0.02 {Roth, 1998} 

268 cases energy expenditure, 24-hr 0.02 {Stefan, 2002} 

184 cases adipocyte size, subcutaneous 

abdominal 

0.02 {Stefan, 2002} 

20 cases body fat, percentage 0.003 {Thompson, 

1997} 

62 cases abdominal total fat, abdominal 

subcutaneous fat 

0.03 {Wauters, 2001} 

118 cases body mass index 0.01 {Yiannakouris, 

2001} 

770 

subjects 

BMI change during 3-year 

follow-up (STOP-NIDDM trial 

cohort) 

0.009 {Zacharova, 

2005} 

  

770 

subjects 

Waist circumferece change 

during 3-year follow-up (STOP-

NIDDM trial cohort) 

0.006 {Zacharova, 

2005} 

Table 13: Leptin associated with obesity phenotypes (13) 

Peroxisome proliferator-activated receptor gamma (PPAR-gamma) 

PPAR-gamma is a ligand-dependent transcription factor and has two isoforms 

(90). PPAR-gamma2 has low levels of expression in humans, PPAR-gamma1 is 

expressed predominantly in adipose tissue and large intestine (91).  It plays a key 

role in adipogenesis and regulates genes involved in cellular energy homeostasis 

and fatty acid metabolism (92). PPAR-gamma affects cortisol levels and insulin 

signal transduction, increases the expression of uncoupling proteins and 
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downregulates leptin and tumor necrosis factor-alpha (TNF-alpha) (reviewed in 

(93)). The interaction with TNF-alpha is reciprocal as PPAR-gamma activity is 

regulated by TNF-alpha (94).  

In addition to the associations mentioned in Table 14 there have been at least 75 

publications on PPAR-gamma related to obesity since 2005. The location of PPAR-

gamma does not show strong linkage (see Table 8).  

Gene Location Cases Phenotype P-value Reference 

414 cases body mass index 0.039 {Barbieri, 2004} 

921 cases leptin, body mass index, 

waist circumference (in 

Mexican Americans) 

0.02 {Cole, 2000} 

203 subjects BMI (Javanese non-

diabetics) 

0.0016 {Danawati, 2005} 

333 cases body mass index (in the 

middle-aged) 

0.03 {Deeb, 1998} 

973 cases body mass index (in the 

elderly) 

0.02 {Deeb, 1998} 

422 cases body mass index 0.03 {Doney, 2002} 

752 cases body mass index, change 

(in obese men) 

0.002 {Ek, 1999} 

869 cases body mass index, change 

(in lean men) 

0.008 {Ek, 1999} 

1954 

subjects 

BMI over 15 years (Whites 

of the CARDIA study) 

0.01 {Fornage, 2005} 

1954 

subjects 

Waist circ over 15 years 

(Whites of the CARDIA 

study) 

0.01 {Fornage, 2005} 

1844 

subjects 

BMI over 15 years (Blacks 

of the CARDIA study) 

0.05 {Fornage, 2005} 

464 cases body mass index, obesity 0.01 {GonzalezSanchez, 

2002} 

619 cases body mass index 0.04 {Hasstedt, 2001} 

41 cases body mass index 0.02 {Jefferies, 2004} 

41 cases fat mass 0.02 {Jefferies, 2004} 

PPARG 3p25 

451 cases body mass index (in 

overweight blacks) 

0.02 {Kao, 2003} 
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451 cases waist-to-hip ratio (in 

overweight blacks) 

0.01 {Kao, 2003} 

451 cases waist circumference (in 

overweight blacks) 

0.004 {Kao, 2003} 

1051 

subjects 

BMI 0.012 {Kim, 2004} 

1051 

subjects 

WHR 0.001 {Kim, 2004} 

1051 

subjects 

FM 0.003 {Kim, 2004} 

1051 

subjects 

%body fat 0.025 {Kim, 2004} 

228 cases obesity, morbid 0.02 {Koumanis, 2002} 

119 cases weight, increase, 10-year 0.009 {Lindi, 2001} 

225 cases weight, decrease, 3-year 0.04 {Lindi, 2002} 

140 cases body mass index 0.05 {Maeda, 2004} 

838 cases body mass index, body 

weight, waist 

circumference, height 

0.002 {Meirhaeghe, 2000} 

1133 

subjects 

BMI 0.036 {Meirhaeghe, 2005} 

820 cases leptin (in obese subjects) 0.001 {Meirhaeghe, 1998} 

183 cases lipid oxidation, 24-hr 0.03 {Muller, 2003} 

183 cases lipid balance, 24-hr 0.02 {Muller, 2003} 

70 cases weight, increase 0.01 {Nicklas, 2001} 

100 cases body mass index 0.0012 {Orio, 2003} 

29 subjects endurance training induced 

weight loss (Healthy 

offspring of type 2 

diabetics) 

0.05 {Ostergard, 2005} 

311 cases ponderal index at birth 0.007 {Pihlajamaki, 2004} 

311 cases body weight gain 0.001 {Pihlajamaki, 2004} 

121 cases body mass index 0.03 {Ristow, 1998} 

714 cases body mass index 0.04 {Robitaille, 2003} 

596 cases fat mass 0.009 {Robitaille, 2003} 

  

685 cases waist circumference 0.03 {Robitaille, 2003} 
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501 cases abdominal visceral fat 0.01 {Robitaille, 2003} 

501 cases abdominal subcutaneous fat 0.001 {Robitaille, 2003} 

268 cases body mass index 0.022 {Rosmond, 2003} 

3080 cases body mass index 0.037 {Tai, 2004} 

3080 cases body mass index 0.036 {Tai, 2004} 

375 cases obesity, severe, with early 

onset 

0.05 {Vaccaro, 2000} 

  

141 cases body mass index, body 

weight, fat mass, waist 

circumference, lean body 

mass, hip circumference 

0.002 {Valve, 1999} 

Table 14: Peroxisome proliferator-activated receptor gamma associated with obesity phenotypes (13) 

Tumor necrosis factor (TNF or TNF-alpha) 

TNF derives its name from the ability to trigger apoptosis in tumor cells. It is a 

proinflammatory cytokine primarily produced by activated macrophages and it 

mediates immune function (95). The binding of TNF to its receptor activates 

multiple intracellular events that control cell growth and death, inflammation and 

stress response (95).  

In the central nervous system TNF is required for synaptic strength at excitatory 

synapses; it increases surface expression of AMPA receptors (glutamate induced 

ion-channels) (96). Stellwagen and Malenka show that glia-derived TNF shifts 

neurons towards more excitation and less inhibition: mediating synaptic scaling in 

response to prolonged changes in neuron activity (97).  

Erroneous TNF signalling has been implicated in a variety of human diseases apart 

from obesity, including diabetes, cancer, diabetes, multiple sclerosis, rheumatoid 

arthritis, psoriasis, osteoporosis and inflammatory bowel disease.  

Except for one positive meta-analysis (98) there were no additional publications 

since 2005 to support the association between TNF and obesity. Neither is there 

strong linkage between the 6p21.3 region and obesity (see Table 8).  

Gene Location Cases Phenotype P-value Reference 

176 cases body mass index 0.01 {Brand, 2001} 

159 cases body mass index 0.01 {Corbalan, 2004} 

159 cases percent body fat 0.05 {Corbalan, 2004} 

TNF 6p21.3 

159 cases waist circumference 0.05 {Corbalan, 2004} 
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136 cases waist circumference (in 

women) 

0.04 {Dalziel, 2002} 

38 cases body fat, percentage 0.02 {Fernandez-Real, 1997} 

1351 cases body mass index 0.004 {Herrmann, 1998} 

378 cases body mass index, body fat, 

percentage (in women) 

0.02 {Hoffstedt, 2000} 

1047 cases obesity 0.04 {Kamizono, 2000} 

363 cases body mass index 0.01 {Norman, 1995} 

  

110 cases obesity 0.02 {Pausova, 2000} 

Table 15: Tumor necrosis factor associated with obesity phenotypes (13) 

Uncoupling protein (UCP) 

Uncoupling proteins are located in the inner mitochondrial membrane where they 

can give rise to a proton leak; wasting the proton gradient (99). Because UCP 

homologues can influence the efficacy of the production of ATP they can quite 

powerfully interfere with cell function. On the other hand they protect against 

oxidative damage by preventing excessive proton gradients (99). There are 

several isoforms of this protein, only UCP1-3 will be discussed here. UCP1 is 

predominantly expressed in brown fat tissue where the proton leak facilitates 

thermogenesis. Because thermogenesis is important in energy expenditure 

reduced thermogenic capacity can increase the risk of obesity. There is only little 

brown fat tissue in humans, but UCP1 expression has been confirmed and levels 

of UCP1 mRNA in humans decrease after dieting and weight loss (100). UCP2 and 

UCP3 have been identified in a variety of tissues. Interestingly, UCP2 expression 

levels in white adipose tissue increase in response to a high fat diet (101).  

UCP2 and UCP3, but not UCP1, have been associated with obesity phenotypes in a 

few papers since the publication of the The Human Obesity Gene Map in October 

2005. There are regions no directly near the location of these proteins that display 

strong linkage to obesity (see Table 8).  

Gene Location Cases Phenotype P-value Reference 

163 cases body weight, decrease, body 

mass index, decrease 

0.05 {Fumeron, 1996} 

526 cases body mass index (in 

overweight women) 

0.02 {Heilbronn, 2000} 

162 cases waist-to-hip ratio 0.003 {Herrmann, 2003} 

UCP1 4q28-q31 

387 subjects WHR 0.008 {Kim, 2005} 
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387 subjects % body fat 0.014 {Kim, 2005} 

113 cases body weight (in Japanese 

women) 

0.001 {Kogure, 1998} 

99 cases body weight, change (in 

premenopausal women) 

0.048 {Matsushita, 

2003} 

22 cases high fat meal induced 

thermogenesis 

0.01 {Nagai, 2003} 

123 cases fat, increase (in high weight 

gainers) 

0.05 {Oppert, 1994} 

172 subjects, 

172 females 

obesity 0.002 {Ramis, 2004} 

  

24 cases body weight, resting 

metabolic rate 

0.05 {Ukkola, 2001} 

60 cases energy expenditure, 24-hr, 

spontaneous physical 

activity, 24-hr, sleeping 

spontaneous physical 

activity, respiratory 

quotient, 24-hr non-protein, 

fat oxidation, 24-hr 

0.005 {Astrup, 1999} 

220 cases body mass index (in South 

Indian women) 

0.02 {Cassell, 1999} 

791 cases body mass index 0.03 {Esterbauer, 

2001} 

596 cases obesity 0.007 {Esterbauer, 

2001} 

813 cases obesity 0.002 {Evans, 2000} 

949 cases obesity 0.006 {Evans, 2001} 

147 cases resting energy expenditure 0.05 {LeFur, 2004} 

147 cases glucose oxidation rate at 

rest 

0.02 {LeFur, 2004} 

147 cases lipid oxidation rate at rest 0.02 {LeFur, 2004} 

307 cases obesity 0.01 {Marti, 2004} 

41 cases body weight, increase, fat 

mass, increase (in 

peritoneal dialysis patients) 

0.05 {Nordfors, 2000} 

UCP2 11q13.3 

82 cases body mass index, metabolic 

rate, 24-hr sleeping (in 

those >45 years old) 

0.007 {Walder, 1998} 
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63 cases body mass index 0.028 {Wang, 2004}   

105 cases body mass index, body fat, 

percentage, body weight, 

fat mass, overweight, 

percentage, skinfolds, sum 

of 4 

0.001 {Yanovski, 2000} 

120 cases body mass index, 

respiratory quotient, lean 

body mass, respiratory 

quotient, non-protein, fat 

oxidation (in African 

Americans) 

0.008 {Argyropoulos, 

1998} 

116 cases waist-hip ratio (in South 

Indian women, in European 

women) 

0.03 {Cassell, 2000} 

722 cases fat mass 0.004 {Damcott, 2004} 

722 cases lean mass 0.013 {Damcott, 2004} 

722 cases body mass index 0.023 {Damcott, 2004} 

722 cases percent body fat 0.049 {Damcott, 2004} 

419 cases body mass index 0.004 {Halsall, 2001} 

73 cases resting energy expenditure 

(in black women) 

0.01 {Kimm, 2002} 

734 cases leptin, body mass index, 

body fat, percentage, fat 

mass, skinfolds, sum of 6 

0.0005 {Lanouette, 2001} 

393 cases skinfolds, sum of 8 0.01 {Lanouette, 2002} 

434 cases body mass index 0.01 {Lindholm, 2004} 

401 cases body mass index (in 

morbidly obese subjects) 

0.0037 {Otabe, 2000} 

382 cases body weight, body mass 

index, current, body mass 

index, maximum 

0.02 {Otabe, 1999} 

24 cases body weight, resting 

metabolic rate 

0.01 {Ukkola, 2001} 

UCP3 11q13 

64 cases leptin, body fat, percentage 

(in women) 

0.03 {Yanagisawa, 

2001} 

Table 16: Uncoupling protein associated with obesity phenotypes (13) 
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Chapter 4 Conclusion and discussion 

Twin and family studies show that susceptibility to obesity is heritable, with 50 – 

90% of variance in BMI explained by genetic factors (24). This heritability is by no 

means trivial: it compares well with other complex polygenic diseases such as 

schizophrenia and autism, and is much higher than complex traits such as 

hypertension and depression (34). This susceptibility depends on an interaction 

with the environment. Studies measuring and quantifying this response are 

therefore of crucial importance, because these reflect the response of the general 

population to our current natural environment.  

Strategies used to identify genes in the aetiology of obesity are characterized by 

failure of replication and come up with different results. The use of small 

underpowered sample sizes is the main reason why so many claims of 

associations proved not to be genuine (47). The credibility is increased when 

multiple groups find the same association in independent samples.  Regions of the 

DNA that show strong linkage to obesity are reflected poorly in the results of 

candidate gene approaches. This can be partly explained by the fact that linkage 

studies are family studies that will pick up rare and highly penetrant genetic 

variations, where association studies are more powerful to identify common 

variants with a modest penetrance (see Chapter 3 and 3.1.1). Moreover candidate 

gene studies give a biased overview of the genes involved, because it is a 

hypothesis-limited approach. GWA studies will be able to capture more of the total 

genomic variation in the population in an unbiased way. The methodological and 

technological innovations, plus the current effort of groups to cooperate in order 

to increase sample size, will improve the quality of future research. 

Strongest evidence for genes associated with obesity comes from the recent GWA 

publications on FTO and melanocortin-4 receptor (55;57). These and the most 

promising genes found in candidate gene studies correspond to the current view 

on problems underlying obesity. On the one hand there are genes involved in 

metabolic efficiency: adiponectin, beta-adrenergic receptors, leptin, melanocortin-

4 receptor, PPAR-gamma and uncoupling proteins (see Chapter 3); supporting the 

people that state that they ‘grow fat on water’. On the other hand there are genes 

influencing behaviour and brain function: beta-adrenergic receptors, serotonin, 

leptin, melanocortin-4 receptor and TNF (see Chapter 3). The latter supporting the 

eating behaviour models like anxiety and stress relief eating and restraint theories 

(43). Interestingly many of these genes interact with each other (see 3.2.1):  

• Adiponectin suppresses TNF function (65) 
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• Beta-adrenergic receptor induced fatty acid release increases brain 

serotonin levels (72) 

• PPAR-gamma increases expression of uncoupling proteins and 

downregulates leptin and TNF (93) 

• TNF regulates PPAR-gamma activity (94) 

The genes involved in metabolic efficiency seem to be closely linked to the genes 

influencing behaviour. This is most prominently shown by beta-adrenergic 

function – influencing lipolysis as well as serotonin levels (70;73) – and leptin – 

regulating food intake and energy expenditure as well as motivation to eat 

(85;89). If these functions are interlinked; is it then possible to uncouple 

metabolic efficiency from the effects on emotions and behaviour? Is it possible to 

achieve weight reduction without having an impact on emotion, anxiety and 

depression? And do current weight reduction therapies take this into account? 

Phenotype definition will remain a challenge in obesity because of the complex, 

multifactorial and polygenic pathogenesis. Disentangling cause and consequence 

as well as multiple underlying mechanisms of disease is difficult. In order to pick 

up modest genetic effects on obesity we need to characterize (endo)phenotypes of 

obesity in more detail. Dieticians and nutritionists could play a key role in this, as 

they observe many obese patients and often have a good view on the various 

subtypes of obesity. Qualitative research and structured data collection might help 

to outline (endo)phenotypes and improve questionnaires and measurements to 

capture the phenotypes objectively.  

Does a genetic contribution to obesity mean that obese people can not change 

their fate? On the contrary, understanding and acknowledging the genetic 

susceptibility will provide tools to cope with it. It could be compared to anxiety 

and depression; these are heritable traits that can be well treated by 

psychological therapy and or medication. The same holds true for obesity. 

Importantly, a better understanding of the pathogenesis of obesity will prohibit 

that people in need of emotional, anxiety of depression focussed therapy will 

simply be put on a diet. We, obese or non-obese, all know that obese people 

should eat less. We also know that this is extremely hard and prone to fail. 

Understanding why people are obese and why they fail to eat less will improve 

future treatment.  
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