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Abstract 

Genetic and Environmental Effects on Fat 

Distribution: The Healthy Twin Study 

 

Kim Jina 

Genetic epidemiology 

The Graduate School of Public Health 

Seoul National University 

 

People commonly think that individuals have different fat distribution and this characteristic 

was inherited. Also, there are a variety of methods on managing regional fat. However, most 

fat distribution studies are actually not about regional fat but about abdominal fat. In the case 

of abdominal obesity, this is the leading cause of obesity-related diseases. As a result, 

abdominal fat researches have mainly studied and studies of fat distribution on other areas 

are very poor. 

The twin cohort study in Korea consists of 3461 individuals including 689 families, 550 pairs 
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of identical twins, and 124 pairs of dizygotic twins. Among 3461 people, 3435 people 

measured by dual-energy X-ray absorptiometry (DXA) were included in this study. And, fat 

regions of participants used in this study are arms, legs, head, and trunk.  

To investigate the correlation with fat mass and obesity indices, we used spearman 

correlation analysis. The association with regional fat distribution and several environmental 

factor was analyzed using multiple regression with mixed model. And, genetic factor which 

has effects on regional fat distribution was analyzed by two method; intraclass correlation 

coefficients(ICC) and heritability analysis using variance component model.  

According to results of this study, correlation between fat distribution and waist hip ratio, 

which is an important indicator of abdominal obesity, was little and portion that environment 

has effects on regional fat distribution was small. However, although several environmental 

factors were not associated with regional fat, genetic factor has strong association with 

regional fat. This could be confirmed by ICC analysis and heritability analysis. Especially, 

because total fat was correlated with 4 regional fat, this explained a large portion of regional 

fat in heritability analysis. But, after the effects of total fat were excluded, additive genetic 

effects still accounted for the remaining effects on fat distribution. This means that genetic 

factor among several factors have significant effects on regional fat distribution and common 

idea that there is genetic predisposition on gaining fat by region could be proved to be the 

truth to some extent.  

Until now, although the research on central obesity have been done mainly, results on 
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regional fat distribution in this study could help us to understand more overall fat distribution 

among Koreans. According to these results, there is strong genetic effects on regional fat 

distribution. This could make us more investigate further study such as association between 

fat distribution and hormones or genome-wide association study on regional fat distribution. 

Therefore, these follow-up studies will be able to provide some directions on managing 

regional fat.  

…………………………………………………………..………………………………………………. 

Keywords: Regional fat, DXA, environmental factor, heritability, Family-Twin study 

Student Number: 2012-23727 
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Introduction 

Obesity is a problem of the public health worldwide. Specially, obesity problem is becoming 

more common among people and adds heavy load on to our societies. Many studies have 

reported reasons of obesity that include not only genetic factor(1) but environmental factor 

such as physical activity, smoking, alcohol consumption (2), socioeconomic status (3) and 

etc. these studies used obesity indices to investigate reasons of obesity. Studies on the 

obesity have performed in various aspects. Genetic predisposition to obesity has been also 

found as one topic of these studies. In a twin study, the heritability of obesity is 0.45-0.81 in 

male group and 0.72-0.85 in female group(4). Also, it is well known that people with 

variations in the FTO (Fat mass and obesity-associated protein) gene associated with 

obesity of children and adult were more likely to be obese. These studies discovered genetic 

predisposition of obesity using obesity index such as BMI (5-6).  

People wanted to know not only about obesity but also gaining regional fat by body 

composition for their appearance, while genetic factors associated with obesity were well 

studied like FTO genes. Generally, people think that gaining regional fat by body 

composition might be influenced by inheritance. Looking at the studies of regional fat 

distribution to identify whether regional fat distribution has genetic predisposition, these 

studies investigated various environmental factors like other obesity studies (7). However, fat 

distribution of these researches was defined not as fat distribution by body composition but 
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as fat distribution of only abdominal region. Although it is important that abdominal obesity 

can lead to serious ailments(8-10), too many studies of fat distribution almost deal with only 

abdominal region such as waist circumstance, waist hip ratio android and gynoid type (11-

19). Therefore, the studies about understanding overall fat distribution were not found easily. 

Meanwhile, there are several researches about genetic effects on fat distribution showing 

results of heritability and genome- wide association. They also used the concept on fat 

distribution defined as waist circumstances or waist hip ratio (20-22). 

Sometimes, the studies of regional fat distribution divided by body composition could be 

found although they are few. They focused on one regional fat such as arm, leg or trunk, 

respectively. Despite few researches, some studies among them investigated environmental 

effects or genetic effects on regional fat distribution. These studies showed that there is 

genetic effects on regional fat distribution; heritability of arm fat was 0.31(23) and the value 

of trunk fat was 0.65 (24). In another study, heritability of trunk fat was 0.85 and that of lower 

body (leg) was 0.81 in elderly group (20). However, these studies about regional fat 

distribution also have limitation because they focus on one region such as arm, leg or trunk 

fat distribution.  

Therefore, our study helps people to understand overall fat distribution. Also, this study 

reports how genetic factor influences fat distribution of Korean.  
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Aim  

The aim of this study is to investigate which factor between genetic and environmental factor 

plays a more important part in fat distribution of Korean. Also, this could discover whether 

there is genetic predisposition to regional fat by body composition among family. If influence 

of environmental factor is high, we can know what factor among several environmental 

factors is mainly associated with fat distribution. From this study, people could understand 

more about regional fat and take solution for managing fat distribution.   
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Method  

1. Participants 

Participants are part of the Healthy Twin Study; the prospective cohort study that has 

recruited Korean adult twins and their family members based on a nation-wide registry at 

public health agencies since 2005. They consist of 3461 individuals, which were recruited 

from Samsung and Busan Baik Medical Center. Among 3461 participants, 3435 individuals 

who were measured using Dual-energy X-ray absorptiometry (DXA) were included in 

analysis. Total 3461 individuals consist of 1403 male and 2034 female. This population 

includes 689 family including spouse, offspring or relatives; monozygotic twin (MZ), 550 pair, 

dizygotic twin (DZ), 124 pair including one triplet.  

To study fat distribution, we selected people who have data of regional fat; Arms fat, 3438 

individuals, legs fat, 3437 individuals, head fat, 2661 individuals, trunk fat, 3437 individuals. 

All participants provided written informed consent. 

 

 

2. Measurements 

Participants responded a questionnaire including demographics, smoking, alcohol 

consumption, physical activity, income, education and etc.  

Smoking group was divided into 3 groups, “Never” (participant has not smoked), “Past” 
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(participant smoked) or “Present” (participant is smoking).  

Alcohol drinking habits were divided by intake gram of alcohol per day according to WHO 

guidance (25-26). Alcohol drinking habit groups consist of 3 groups; “Heavy drinking”, 

“Moderate drinking”, “Never drinking”. Also, total calorie intake groups were split into 3 

groups by 1400 kcal/day and 1800 kcal/day excluding values of < 500 kcal/day.  

We used Metabolic Equivalent of Task for estimating physical activity. This score is a 

measurement of physical activity expressing the energy cost of physical activities and is 

defined as the ratio of metabolic rate; 1 MET is equal to 3.5 ml ·kg−1·min−1. 4 METs are 

equivalent to moderate-intensity physical activity and 6 METs are equivalent to vigorous- 

intensity physical activity (27). Referencing articles, this study define high activity group and 

low activity group as >3000 METs and < 600 METs, respectively (28). 

In case of income, 2 groups were divided on the basis of a salary of 1.5 million won a month. 

Education groups were split into 2 groups based on graduation of high school, “above 

graduation of high school” or “below graduation of high school”. 

Waist circumference (WC, cm), hip circumference (HC, cm) and other physical values were 

measured by standardized instruments. Body composition data including arms fat, legs fat, 

head fat, trunk fat, and total fat (g) was measured by DXA (Dual-energy X-ray 

absorptiometry).  
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3. Statistical Analysis 

The summary of common description was presented as mean ± SD of regional fat by 

categorical variables. Because arms, legs, head, trunk and total fat (g) were not normally 

distributed according to Kolmogorov–Smirnov test, the fat data was transformed to natural 

log value. The transformed data was used on analysis of this study.  

Using Spearman correlation, relationship between transformed regional fat mass and obesity 

indices was identified.  

To determine the relationship between fat distribution and various environmental factors, 

multiple regression was performed using mixed model. Family relationship was adjusted as 

random effect and other environmental factors were used as fixed effect.  

Among family relationships, resemblance of fat distribution was quantified by intraclass 

correlation coefficients (ICC) which was calculated after adjusting for several factors.  

MZ twins (monozygotic twins) have same genetic information and DZ twins (dizygotic twins) 

or siblings share a half of genetic information. Spouse have different genetic information. 

Using the resemblance of genetic information, genetic factor contributes to 4 regional fat 

distribution through ICC analysis. The group having higher value of ICC compared to other 

groups have similar trend of regional fat distribution within group. If MZ group has higher 

value compared to DZ/Sibling group and Spouse group, this suggests that regional fat 

distribution is associated with genetic factor.  

The heritability analysis could also quantify the association of genetic factor. This value was 
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estimated by Sequential Oligogenic Linkage Analysis Routines (SOLAR) software package 

(version 6.6.2; http://solar.sfbrgenetics.org/) using variance-component method.  

After we measured estimation of heritability quantifying additive genetic effects, unmeasured 

shared environments, and unique environments, the best-fitting model was determined 

based on the maximum likelihood estimation. Heritability is proportion of phenotypic variance 

and was estimated by several models. Among those models, this study used 2 model, AE 

and ACE model. AE model could explain additive genetic effects (A) and environment effects 

(E). Another is ACE model that could explain shared effects (C) in addition to additive 

genetic effects (A) and random individual effects (E). Difference between AE model and ACE 

model is existence of shared effects(C).  

This study used log-transformed 4 regional fat distribution on heritability analysis and 

conducted heritability analysis with adjusted by age, sex and total fat (g). 
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Results   

1. Basic description 

At first, table 1 shows means of 4 regional fat that was calculated by sex and several 

environmental factors; age, smoke alcohol, doing regular exercise, income and education. 

Results show that mean differences between male and female was definite on any groups.  

Also, significant differences between the mean values of each group were shown. Especially, 

in case of head fat, male have more head fat than female although female have more fat on 

3 different regions. However, mean values among male groups for each category didn’t 

show clearer differences than differences of mean between men and women. 

The results divided by age groups show that arms, head and trunk fat didn’t have any trends 

according to the age. But, legs fat had trend that fat is reduced gradually with age 

regardless of sex.  

In case of smoking cigarettes groups, people who smoke now did not have more regional fat 

compared with people who don’t smoke. And, groups divided by smoking did not show any 

trends.  

Alcohol drinking habit divided participants into 3 groups; these groups have different trends 

by sex. In male groups, people who drink alcohol have more fat than people who do not 

drink alcohol except head fat. But, female groups by alcohol drinking habit have different 
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trend on regional fat. Female group having drinking habit has higher mean values on arm 

and trunk fat than people who do not have drinking habit.  

In total calorie groups, any special trend was not shown on mean value levels. 

The groups by physical activity scores did not have any tendency. Also, head fat groups 

divided by physical activity have no difference between groups. In case of trunk fat, 

however, difference between low activity group and high activity group of trunk fat have 

clearer than that of other fat. 

In groups by income or education level, there are some trends on 4 regional fat distribution. 

First, Men earning less than 1.5 million won have more fat on all regional fat, but women 

groups have different tendency depending on fat region; arms, head, and trunk fat groups 

show that female participants earning less 1.5 million won have more fat.    

Education groups have similar tendency with that of income. Low education level group of 

male participants has more fat on 4 body composition. But, female group of high education 

level has more fat than female group of low education group except leg region.      
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2. Correlation between regional fat and several obesity indices 

There are several obesity indices that show degree of obesity; BMI (Body Mass Index, 

kg/m2), WC (Waist circumstance, cm), and WHR (Waist hip ratio). The results of correlation 

revealed whether there is any relationship between these obesity indices and regional fat. 

Table 2 describes that total fat (kg) had high correlation with 4 regional fat. However, WHR 

(Waist-Hip-Ratio), one of the important abdominal obesity indicators, had low correlation with 

4 regional fat (Spearman correlation coefficient: arms and WHR; 0.27, head and WHR; 0.42, 

trunk and WHR; 0.50). Although that was not significant, the value of correlation coefficient 

between leg fat and WHR was negative correlation.  

Also, head fat was less associated with total fat than other regional fat (spearman correlation 

coefficient: male and female; 0.24, male; 0.53, female; 0.54).  

Table 2 displays interesting fact that head fat has low correlation with obesity indices overall.  

This fact also is shown on Figure 2, which is a correlation plot. In this plot, upper right side 

and down left side represent shade and pie chart showing the degree of correlation. This plot 

could also identify relationship between regional fats. Head fat have some relationship with 

trunk fat. But, legs and arms fat have weak correlation with head fat. 
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Figure 4. Correlation plot between 4 regional fat and obesity indices 
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3. Environmental factors associated with fat distribution 

Table 3 is a result about environmental factors having effects on fat distribution made by the 

regression analysis of mixed model. This table shows fat distribution might not be explained 

by several environmental factor.  

While arms and trunk fat increase with age, legs fat decreases with age among people. 

People who smoke have more head fat regardless of sex. However, same group has less 

leg fat. Although there was no notable association between alcohol drinking habit and 

regional fat, trunk fat has significant association with heavy drinking habit on male and 

female groups.  

In case of total calorie intake, this factor was weak associated with regional fat distribution. 

Table 3 also shows not significant but positive association that increasing total calorie intake 

gets more fat on 3 region; arms, legs and head fat.  

The higher physical activity estimated by MET (Metabolic Equivalent of Task) scores was, 

the less trunk fat was on both sex. The values of male group were significant.  

High income showed significant association with head fat. People who earn more money 

have more head fat on male and female group. And, arms fat has significant association with 

income only in male group.   

In regards to the education level, low education group among male participants has less 

head fat than high education group and female group having low education level has more 
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trunk fat than high education group. Especially, this table also shows higher education level 

in female group has effects on leg fat; low education group in female group has less leg fat. 

This association is significant. This might be because they who have high education sat in 

front of desk for a long time. To investigate this speculation, correlation between time sitting 

on weekdays and legs fat was examined. As a results, supplementary table 1 shows that 

sitting time has significant positive correlation. But, this correlation was not much higher than 

correlation between education levels and leg fat.   

Looking at the entire table 3, we could find that environmental factors did not have same 

effect on different regional fat, respectively.
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4. Intraclass correlation of regional fat distribution.  

Table 4 shows the result of intraclass correlation. Age and sex were adjusted on model 1 

and  age, sex and other environmental features were adjusted on model 2. Age, sex, and 

log transformed total fat were adjusted on model 3 and age, sex, total fat and other 

environmental features were adjusted on model 4. There were differences between model 1, 

2, 3 and 4; because there was high correlation between 4 regional fat and total fat, the 

values of model 2 and 4 (after adjusting total fat) were lower than that of model 1 and 3. 

However, the values of almost models had similar trends that the intraclass correlation 

coefficients decreased from MZ twin group to spouse group. These results suggest the lower 

having shared genetic factor, the lower value of intraclass correlation coefficient. Almost MZ 

twin group has the highest value (0.4735-0.7741) among different regional fat, while 

dizygotic twin and sibling group have lower value than MZ twin except the values of arms fat 

and trunk fat on model 4. And, the intraclass correlation coefficients of spouse group who did 

not have same genetic factor were the lowest values among several results. 

These results describe regional fat distribution of monozygotic twins who have same genetic 

factor was more relevant than of dizygotic twins and sibling or spouse. Also, 4 regional fat 

has similar tendency in model 1, 2, 3 and 4, respectively. Among 4 regional fat, the ICC 

values of arms, trunk and legs have lower than head fat excluding model 4.  
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Table 4 Intraclass correlation coefficients of regional fat  

    ICC  

Model Trait MZ DZ Sibling DZ+Sib spouse 

Model 1 Arms fat 0.677754 0.404721 0.205453 0.249528 0.050523 

Legs fat 0.686296 0.332258 0.212869 0.234172 0.050384 

Head fat 0.728951 0.377827 0.338386 0.3501 0.057204 

Trunk fat 0.698032 0.350399 0.209002 0.241062 0.069926 

Model 2 Arms fat 0.729659 0.487294 0.200722 0.259498 0.106665 

Legs fat 0.713436 0.455922 0.249974 0.27048 0.120461 

Head fat 0.73309 0.341209 0.330685 0.340046 0.092964 

Trunk fat 0.727405 0.467949 0.222402 0.26483 0.122987 

Model 3 Arms fat 0.544081 0.439708 0.38584 0.393826 0.163326 

Legs fat 0.554125 0.351949 0.268305 0.288318 0.014756 

Head fat 0.726267 0.323147 0.382425 0.375402 0.079969 

Trunk fat 0.473539 0.211743 0.336407 0.297309 0.137372 

Model 4 Arms fat 0.680244 0.726475 0.388133 0.510217 0.219764 

Legs fat 0.65909 0.580596 0.282283 0.370885 0.014371 

Head fat 0.717523 0.279476 0.351596 0.352545 0.10007 

  Trunk fat 0.774093 0.859694 0.314675 0.566029 0.126853 

Model1: age,sex adjusted 

Model2: age, sex, smoking, alcohol drinking habit, physical activity, income and 

education adjusted 

Model3: age, sex and total fat djusted 

Model4: age, sex, smoking, alcohol drinking habit, total calorie intake, physical activity, 

income, education and total fat adjusted 
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5. Heritability showing genetic influence.  

Table 5 and 6 display the heritability of fat obtained by using various component model. 

Table 5 shows the heritability of 4 regional fat distribution after adjusting age and sex and 

table 6 shows the heritability adjusted by age, sex and total fat (kg).  

In the table 5, the best fitting models of regional fat were AE model except head fat; the best 

fitting model of head fat was ACE model. The result shows that the values of additive effect 

genetic effects were high from 0.64 to 0.62. 

Although results of table 6 were lower than those of table 5, the values were still quite high 

(0.41-0.68). The best fitting models of 3 regional fat, arms, head and trunk, were ACE model, 

while the best fitting model was AE model on leg fat. In this table, because total fat explained 

many proportions of regional fat, variance by covariate was high; the range of the values 

was from 0.94 to 0.63. However, additive genetic effects were still high and common shared 

environmental effects (C) were less than additive genetic effect (A) in ACE model among the 

rest of variance excluding variance explained by covariate.  

Among 4 regional fat, the heritability of legs fat was higher than other fat after adjusting age, 

sex and total fat mass (kg). 



52
 

 

 etairav
co yb 

cenairaV
 E

 ). 

Ex .e Ss ( 
Cnd

 
a 

gea y

 b ).d E.e St ( Aus
dja taf la

 on legi de or

m 4   gnof i ttiy ft  i

stl

ebi

Batire
H 5 e  tiabl ra TT

 02.0
 83.0

 )30.0( **26.0
 EA

 taf s
mrA

   663 043 ... 000

   687 323 ... 000

 )40.0( *01.0

   ))) 353 000 ... 000 (((    *** *** 424 666 ... 000

 x
se dn 

a E  ECE eAAA ga yb   dt atat ef

stfa   f kd ns ujag u dree ATHL

  s
cteffe latne

mnorivne euqin
U :E yli

maf nihti
w stceffe tne

mnorivne dera

 sh 5 : 0.C

0 
s, <t  c ee uf lf ae v c pit * e 1n 0e .g 0 <e  v eit ui ld ad va   p: **A



 62
 

 etairav
co yb 

cenairaV
 E

 ).E.S (  

C.la
ott

nd
 

a xes 
gea  y ).b E.d Se (t  Aus

dja taf l

 leon
a

dogie mr   gnof i tty it fi  
stl

ebi

Batire
H 6 e  tiabl ra T T

 28.0
 13.0

 )40.0( **82.0
 )50.0( **14.0

 E
CA

 taf s
mrA

   436 968 ... 000

   692 223 ... 000

 ) 4)4 0.0 0. (0(    * ** 07 11 .. 00
   ))) 553 000 ... 000 (((    *** *** 448 656 ...  )000

kg( 
ssa

m taf latot dna ,x
se  EE  ,CCE eAAA ga yb   dt att efaa

stf  f k d 

uns jag u dree ATHL

  s
cteffe latne

mnorivne euqin
U :E yli

maf nihti
w stceffe tne

mnorivne dera  1sh 0 : .0C
< 

 s, etc ule aff ve  pc *it  1e 0n 0e .g 0 <e  v eit ui ld ad va   p: **A   

 
     



27 

 

  ew htol  l

he ty i
w ,x  re

as li
mind

 

sa   sag
e

wa  yr te it

 

 

atf knu
Tr

atf 
ade

H
atf s

geL
atf s

mr
A

01234567 ....... 0000000

lf i
ba

a : t) it rf ee

hl(   

hene te  r ,tG a f lat af t 

otalt  
ng

ot itd

ju
s

an d , ax  re

es t , fae

h ag g 

hide  t ss au wj

 d ea t aiy rt ail v
ob

i

cat  i yr be  H d
ne

 
ht ialw

i

p xx ee  s e cd nn aia r ae v ag

ug
h 

dets .hotu xlj eA s  .ad

nd

t ay ft a i ll  
g
eat

oab
i

att   ir yle nndaH o
ng

   ,xg

en isi t
us

 ,ar

g
ep j

dam a o

h reC tt if.

wa2    s:)e tl
usg
htr
u

g eii r r(F



28 

 

Discussion  

Until now, this study investigates environmental factor and genetic factor that have effects on 

regional fat distribution. Our study suggests that regional fat is mainly influenced by genetic 

factor more than environmental factor.  

Regional fat mass was clearly different between male and female. There is interesting fact 

that female group has more arms, legs and trunk fat than male group. But, in head fat, male 

group has more fat than female group. This could be because male and female group have 

different body frame or because male- specific hormones play an important role.  

Among several environmental factors, education is clearer than other variables. Especially, 

men who have the lower the education level have the more fat, whereas women have more 

fat in high education group. However, this study shows that environmental factors associated 

with 4 regional fat definitely were not found. In this respect, this result has something in 

common with another study using BMI and WC. They produce evidence on strong genetic 

influence in spite of obesogenic environment in children of their study(29).  

Also, our study represent that genetic factor was associated with regional fat distribution. 

Results on the intraclass correlation coefficient (ICC) support that there is strong association 

between regional fat distribution and genetic factor. Because ICC infers the degree of 

resemblance within groups, people having high value of ICC resemble more each other. 

According to ICC results, monozygotic twin group has higher ICC value than dizygotic twin 

group. Because the difference between monozygotic twin and dizygotic twin is regarded as 
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difference of genetic factor; decreasing values from MZ to DZ and sibling group in our study 

represents that resemblance of genetic factor is associated with 4 regional fat distribution.  

The heritability analysis also provides evidence that genetic factors influence regional fat. In 

the table 6, although variance by covariate was very high; 0.63-0.94, the values of heritability 

(additive genetic effects) were also very high; 0.41-0.68 after adjusting age, sex, and total fat 

(kg). This means that genetic factor still affects regional fat excluding effects of total fat.  

In addition to these results, common shared environmental effects in ACE model were about 

0.1-0.2 and unique environmental effects were about 0.2-0.3. This suggests environmental 

effects on regional fat distribution might be weak and supports results of multiple regression 

(Table 3).  

However, this study has limitation that the number of dizygotic twins is fewer than 

monozygotic twin. In regards to ICC analysis, the value could be underestimated. Also, 

environmental effects were few in this study. This is because environmental factors could be 

not actually associated with regional fat distribution or because the number of samples by 

category was not balanced. Therefore, more sophisticated study was needed to decrease 

probable errors.   

Among the studies of fat distribution, there was genome-wide association study of body fat 

distribution. The samples consist of African ancestry and European ancestry in that study. 

The study identified some SNPs associated with fat distribution (21). However, we have not 

known SNPs associated with regional fat distribution because this study used WHR as fat 
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distribution concept. 

Our study suggests possibility of genome-wide association study and this further study could 

disclose what genetic factor is associated with regional fat distribution and what process 

regulates regional fat distribution.  

Meanwhile, M. Cnop et al reported relationship between insulin sensitivity and fat distribution. 

The study suggests intra-abdominal fat used as research subject of fat distribution could be 

linked with insulin resistance and an atherogenic lipoprotein profile (30). Bernard et al 

reported that fat distribution has small independent effect on cardiovascular risk factor (8, 9, 

14)and Elizabeth et al also used body fat distribution concept to investigate risk factors of 

breast cancer(9). In 1997, Vincent et al researched relatioship between WHR and non-

insulin dependent diabetes (31). However, we should research again these topics with fat 

distribution by body composition because almost studies dealt with abdominal fat as fat 

distribution. Though overall fat distribution by body composition has not studied well, there 

are some studies dealing with body composition fat; Marieke et al studied that trunk fat and 

leg fat have relationship with fasting glucose level(32) and Teixeira et al researched limbs fat 

mass was not superior in predicting metabolic disturbances compared with BMI or central 

fat(33). Therefore, it’s necessary to study similar topics in terms of regional fat by 

composition for understanding overall fat distribution on our body.   
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Conclusion 

Regional fat distribution by body composition has been curious phenotype with obesity. 

Many people think regional fat distribution would be inherited. In other words, genetic factors 

could regulate regional fat distribution. This study used arms, legs, head, and trunk fat as 

phenotypes. Notable environmental effects on fat distribution by body composition were not 

found. Meanwhile, the results of ICC and heritability analysis support that genetic 

components have effects on fat distribution. This means the popular belief that regional fat 

pattern would be inherited was found to be true. Therefore, this result makes us understand 

overall fat distribution and identify reasons that regional fat distribution is different between 

each person Furthermore, this could provide directions in managing regional fat among 

people and evidence for investigating what genetic factor influence on fat distribution. And, 

performing genome-wide association analysis would be needed as a follow-up study.  
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Abstract in Korean (국문초록)  

 

지방 분포와 관련된 유전 및 환경적 요인 분석 

김 지 나 

보건학과 유전체역학 전공 

서울대학교 보건대학원 

 

사람들은 흔히 자신들은 부위마다 지방의 분포가 다르고 이것은 특히나 유전적일 것이다

라는 생각을 가지고 있다. 또한 이러한 부위마다 다른 지방 관리의 방법들도 다양하게 

존재하고 있다. 하지만 정작 부위별 지방분포에 대한 논문들을 찾게 되면 복부비만과 관

련한 논문들이 주요하다. 복부비만의 경우, 비만과 관련된 질병들의 주요 원인이다. 이에 

따라 복부비만의 연구들이 주요하게 이루어져 왔고, 실제적으로 다른 부위별 지방 분포

와 관련한 연구는 매우 부족한 상황이다.  

본 연구는 한국 가족 쌍둥이 코호트에 참여하고 있는 3461 명들 중 Dual-energy X-ray 

absorptiometry (DXA) 계측이 되어 있는 3435명을 이 연구에 포함 시켰다. 이들 중 가족

은 689 가족, 일란성 쌍둥이는 550 쌍, 이란성 쌍둥이는 124 쌍이 포함되었다. 그리고 

DXA 계측이 되어 있는 부위는 양쪽 팔, 양쪽 다리, 머리, 몸통으로 이들 부위의 자료들
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을 가지고 연구를 진행하였다. 여러 부위의 fat mass와 비만 지수들간의 연관성은 

spearman correlation 분석방법을 사용하였다. 부위별 지방 분포와 여러 환경적인 요인들

의 분석은 mixed model 을 이용한 multiple regression 방법을 사용하여 분석하였다. 부위

별 지방분포의 유전적인 요인은 intraclass correlation coefficients (ICC) 와 variance 

component model을 이용한 유전율 분석을 가지고 분석하였다.  

연구결과 부위별 지방분포와 복부비만의 중요한 지표인 waist hip ratio 의 값은 관련성이 

적다는 것과 부위별 지방 분포가 환경적인 요인과는 관련성이 적다는 것을 알 수 있었다. 

하지만 부위별 지방의 환경적인 관련성은 낮지만 유전적인 요인들과의 관련성을 분석한 

결과, 상당한 관련성이 있음을 알 수 있었다. 이것은 ICC 분석과 유전율 분석 모두에서 

확인해 볼 수 있어 특히 유전율 분석에서 전체 지방은 여전히 부위별 지방 분포에 관해 

많은 부분을 설명하고 있지만 이러한 효과를 제외하고 나머지 효과에 대한 유전적인 영

향은 여전히 매우 높았다. 이것을 통해 부위별 지방에 영향을 미칠 수 있는 여러 요인들 

중 유전적 요인이 지방 분포에 대한 유의미한 영향을 미치고 있다고 보여지고 부위별 살

찌는 체질이 유전적으로 내려온다는 통념을 어느 정도 설명해준다.   

이러한 본 연구 결과는 복부비만이 주가 되었던 지방분포 연구에서 부위별 지방 분포에 

대한 연구를 통해 한국인의 전체적인 지방분포에 대한 이해도를 높일 수 있을 것이다. 

또한 이 연구결과 유전적인 영향 큰 것으로 보이는데 이에 대해 지방분포와 호르몬의 관

계성 또는 지방 분포에 대한 genome-wide association study 등 이 연구뿐 아니라 이와 

관련한 후속 연구들을 통해 부위별 지방의 관리에 대한 방향성을 제시할 수 있을 것이다.  

…………………………………………………………………………………………………………… 

주요어 : 부위별 지방, DXA, 환경적 요인, 유전율, 가족 쌍둥이 분석 
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