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A b s t r a c t

IInnttrroodduuccttiioonn::  Obesity is a complex condition with multifactorial origin. Assum-
ing that such a state is genetically controlled, the aim of our study was to eval-
uate the degree of genetic homozygosity among overweight and obese indi-
viduals by the homozygously recessive characteristics (HRC) test. 
MMaatteerriiaall  aanndd  mmeetthhooddss::  We analysed the presence, distribution and individual
combination of 15 selected genetically controlled recessive phenotype traits in
a sample of 140 individuals with increased body mass index (overweight indi-
viduals n = 100 and obese individuals n = 40) and a control group of normal
weight individuals (n = 300). 
RReessuullttss::  Obese individuals have significantly higher mean values for genetic
homozygosity than those with normal weight (normal weight: 3.61 ±1.48; obese:
4.13 ±1.47, p < 0.05) and difference in the presence of certain individual combi-
nations of evaluated phenotype traits (Σχ2 = 76.9; p < 0.01). There was no dif-
ference in average homozygosity of such genetic markers between groups of nor-
mal weight and overweight individuals (normal weight: 3.61 ±1.48; overweight:
3.93 ±1.51, p > 0.05) and between groups of overweight and obese individuals
(overweight: 3.93 ±1.51; obese: 4.13 ±1.47, p > 0.05). There is no difference in
the presence of certain individual combinations of evaluated phenotype traits
between overweight and obese individuals (Σχ2 = 20.6; p > 0.05). 
CCoonncclluussiioonnss::  There is a populational genetic difference in the degree of genet-
ic homozygosity and variability between the group of normal weight and group
of obese individuals, indicating a possible genetic component. Overweight and
obese individuals have a genetic predisposition, but different expression of genet-
ic loads could be one of the possible explanations for different susceptibility to
increase of fat mass and body mass index.

KKeeyy  wwoorrddss::  overweight, obesity, genetic variability, genetic homozygosity.

Introduction

Obesity is a complex condition with multifactorial origin and is highly
prevalent in developed nations [1]. There are studies stressing that body
mass index (BMI) as one of the obesity parameters is to a certain degree
heritable [2]. On the other hand, observations from authors of several stud-
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ies imply that a decline in physical activity in the
group of adolescents leads to the development
of obesity, as well as any disruption in the equilibri-
um of energy intake and energy expenditure [3, 4].
Certain receptor polymorphisms [5], lifestyle [6, 7]
and hypothalamic factors [8] reflect the complexity
of overweight and obesity in the human population.

Since there are studies that address the possi-
ble role of heredity in the predisposition to over-
weight and obesity, we proposed the hypothesis
that generally increased genetic homozygosity lev-
els in samples of overweight and obese individuals
could be population-genetic parameters for the pre-
diction of such states. 

It is very sensitive to estimate genetic ho mo -
zygosity in human individuals, because only a small
number of loci determining a specific morpho-
physiological character have been described so far.
The recessive phenotype traits that are ex pressed
under the influence of recessive genes constitute
markers of the chromosomes for ob served genes
and markers of surrounding genes that could have
some impact on susceptibility to obesity [9].
Increased genetic homozygosity has previously
been described in several pathological conditions,
indicating increased genetic loads in these groups
of evaluated patients [9, 10]. 

Therefore, the aim of our study was to evaluate
the degree of genetic homozygosity and genetic
variability in overweight individuals and obese indi-
viduals.

Material and methods

SSttuuddyy  ggrroouupp

In our study we evaluated 140 children and ado-
lescents with increased body mass index. The evalu-
ated population included individuals aged 10-18 years
(mean: 14.53 ±2.85 years). Participants were grouped
into 3 groups: a group with normal body weight, an
overweight group and an obese group. According to
the recommendations from theWorld Health Organ-
ization (WHO), for children age 6-18 years, normal
weight was described as BMI values between the
15th and 85th percentile for age and gender, over-
weight as BMI values between the 85th and 95th

percentile, and obesity as BMI values above the 95th

percentile for age and gender [11]. Additionally, 
300 in dividuals with normal weight were analysed
as the control group. 

Prior to inclusion in the study, all individuals 
(normal weight, overweight and obese) were com-
pletely assessed by a board certified paediatrician,
phy siatrist and paediatric surgeon in order to ex -
clude other conditions that could influence BMI. 
All 3 groups of tested individuals (normal weight,
overweight and obese) belong to the same ethnic
group (Serbian population).

SSttuuddyy  mmaatteerriiaall

To establish BMI, participants’ weight was meas-
ured in the morning before a meal in light clothes
and height was measured as well. The degree
of genetic homozygosity was assessed through
the presence of 15 homozygous recessive charac-
teristics (HRC) by the standardized HRC test that
has been established for estimation of the propor-
tion of homozygously recessive clearly express -
ed characteristics in every individual as markers
of chromosomal homozygosities [12]. The presence
of the studied genetically controlled recessive char-
acteristics was used as a parameter for homozy-
gosity of the corresponding genes and chromo-
somes.

Different frequencies of homozygously recessive
characteristics in individuals of different groups
being evaluated would be a manifestation of a kind
of genetic load present in the selected samples
of the studied population [13-16].

There were 10 HRC in the region of the human
head that were evaluated: unattached ear lobe
(OMIM number 128900), continuous frontal hair line
(OMIM number 194000), blue eyes (gene location
19p13.1-q13.11, OMIM number 227240), straight, 
soft and blond hair (OMIM numbers 139450 and
210750), double hair whorl, opposite hair whorl ori-
entation (OMIM number 139400), colour blindness
(gene location Xq28, OMIM number 303800) and
ear without Darwinian notch. Further, an addition-
al 5 HRC on human arms were evaluated as well:
distal or proximal hyperextensibility of the thumb,
index finger longer than the ring finger (OMIM num-
ber 136100), left-handedness (gene location 2p12-
q22, OMIM number 139900), right thumb over left
thumb (hand clasping) (OMIM number 139800) and
top joint of the thumb > 45° (OMIM) [17]. 

SSttaattiissttiiccaall  aannaallyyssiiss

To present the frequency of evaluated HRC 
in the groups of individuals with normal weight,
overweight and obese individuals we used whole
numbers and percentages. The degree of genetic
homozygosity for each group was presented as
the mean value (MV) with standard deviation (SD).
Chi squared test (χ2) was used to compare fre-
quencies of HRC between evaluated groups. Com-
parison of mean values of HRC between two groups
was done by Student’s t-test, while unifactorial
ANOVA (f values) was used to compare mean val-
ues of HRC between 3 groups of individuals. Sta-
tistical significance was set at p < 0.05.

Results

From 440 individuals, 300 (68.2%) had normal
weight, 100 (22.7%) were overweight and 40 (9.1%)
were obese.
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Comparing mean values of HRC between groups
of participants, it was found that there is no sig-
nificant difference in the presence of HRC between
groups of individuals with normal weight and those
who were overweight (normal weight: 3.61 ±1.48;
overweight: 3.93 ±1.51; tnormal weight/overweight = 1.86;
p > 0.05) and groups of individuals who were over-
weight and obese (overweight: 3.93 ±1.51; obese:
4.13 ±1.47; toverweight/obese = 0.71; p > 0.05), while
there was a significant difference between groups
of individuals with normal weight and those who
were obese (normal weight: 3.61 ±1.48; obese: 4.13
±1.47; tnormal weight/obese = 2.09; p < 0.05) (Figure 1,
Table I). The distribution of homozygous recessive
characteristics (HRC) in evaluated groups of indi-
viduals is presented in Table I.

Statistical analysis of HRC in normal weight and
overweight individuals is presented in Table II. Our
results indicate that there are differences in the dis-
tribution of individual HRC between these two
groups. It was noted that 2 recessive traits were sig-
nificantly more frequent in the group of overweight
participants and 2 other recessive traits were sig-
nificantly more frequent in the group with normal
weight (Tables II and III). The type of individual vari-
ation in the two studied groups significantly dif-
fered (Σχ2 = 55.8, df = 14, p < 0.01). 

Regarding the participants with normal weight
and those who were obese, the results of the HRC
test indicate that there are differences in the dis-
tribution of individual HRC between these two
groups. It was noted that 3 recessive traits were sig-
nificantly more frequent in the group of obese par-
ticipants (Tables II and III) while one recessive trait
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FFiigguurree  11.. Frequencies of homozygous recessive char-
acteristics (HRC) in normal weight, overweight and
obese group
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TTaabbllee  II.. Statistical presentation of homozygous reces-
sive characteristics (HRC) mean values in normal
weight, overweight and obese groups

*p < 0.05

HHRRCC NNoorrmmaall  wweeiigghhtt OOvveerrwweeiigghhtt OObbeessee
NN ==  330000,,  nn ((%%)) NN ==  110000,,  nn ((%%)) NN ==  4400,,  nn ((%%))

Blond hair 51 (17.0) 39 (39.0) 15 (37.5)

Straight hair 148 (49.3) 56 (56.0) 20 (50.0)

Two hair whorls 29 (9.7) 8 (8.0) 3 (7.5)

Opposite hair whorl orientation 43 (14.3) 10 (10.0) 5 (12.5)

Soft hair 118 (39.3) 46 (46.0) 18 (45.0)

Continuous hairline 105 (35.0) 40 (40.0) 16 (40.0)

Attached ear lobe 67 (22.3) 11 (11.0) 5 (12.5)

Ear without Darwinian notch 23 (7.7) 1 (1.0) 2 (5.0)

Blue eyes 68 (22.7) 30 (30.0) 12 (30.0)

Colour blindness 11 (3.7) 2 (2.0) 1 (2.5)

Right thumb over left thumb 134 (44.7) 38 (38.0) 16 (40.0)

Top joint of the thumb > 45° 94 (31.3) 37 (37.0) 14 (35.0)

Proximal thumb extensibility 40 (13.3) 22 (22.0) 12 (30.3)

Left-handedness 41 (13.7) 18 (18.0) 12 (30.0)

Index finger longer than the ring finger 110 (36.7) 35 (35.0) 14 (35.0)

TTaabbllee  IIII..  Distribution of homozygous recessive characteristics (HRC) in normal weight, overweight and obese groups
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*p < 0.05, **p < 0.01

HHRRCC  ((χχ22)) NNoorrmmaall  wweeiigghhtt// NNoorrmmaall  wweeiigghhtt// OOvveerrwweeiigghhtt//oobbeessee
oovveerrwweeiigghhtt oobbeessee

Blond hair 28.5** 24.7** 0.1

Straight hair 0.9 0.0 0.7

Two hair whorls 0.3 0.5 0.0

Opposite hair whorl orientation 1.3 0.2 0.6

Soft hair 1.1 0.8 0.0

Continuous hairline 0.7 0.7 0.0

Attached ear lobe 5.7* 4.3* 0.2

Ear without Darwinian notch 5.8* 0.9 9.6**

Blue eyes 2.3 2.3 0.0

Colour blindness 0.1 0.4 0.1

Right thumb over left thumb 1.0 0.5 0.1

Top joint of the thumb > 45° 1.0 0.4 0.1

Proximal thumb extensibility 5.7* 21.7** 2.7

Left-handedness 1.3 19.4** 6.4*

Index finger longer than the ring finger 0.1 0.1 0.0

Σχ2 55.8** 76.9** 20.6

TTaabbllee  IIIIII..  Statistical presentation of homozygous recessive characteristics (HRC) distribution in normal weight, over-
weight and obese groups

was significantly more frequent in the group with
normal weight. The type of individual variation 
in the two studied groups significantly differed 
(Σχ2 = 76.9, df = 14, p < 0.01).

When comparing the group with overweight par-
ticipants and the group with obese participants,
the results of the HRC test indicate that there are
differences in the distribution of individual HRC
between these two groups. It was noted that 2 re -
cessive traits were significantly more frequent in
the group of obese participants (Tables II and III).
The type of individual variation in the two studied
groups did not significantly differ (Σχ2 = 20.6, 
df = 14, p > 0.05).

Discussion

The findings of our study on the population
genetic approach for the first time clearly show that
there is morpho-physiological difference between
samples of individuals for the predisposition regard-
ing obesity.

We have demonstrated that increased BMI and
therefore overweight or obesity is in correlation
with increased genetic homozygosity, indicating
increased genetic loads for individuals with higher
BMI values. The present statistically significant
increase of recessive homozygosity for obese par-
ticipants versus those with normal weight could
give us an impression that such increase of genet-
ic loads could bring the organism into a more spe-
cific physiological condition for susceptibility to fat

mass increase and therefore being obese [18, 19].
Although we found an increase in genetic homozy-
gosity for overweight individuals versus normal
weight individuals and for obese participants ver-
sus overweight participants, such elevation in
genetic homozygosity was not statistically signifi-
cant. A possible explanation for this observation
could be that obesity versus overweight has
increased genetic predisposition and that some
preferential phenotypes exist.

Significantly increased genetic homozygosity in
obese individuals could bring the organism into
a specific state of genetic-physiological homeosta-
sis, enabling easier expression of a predisposition
to obesity. Furthermore, higher genetic homozy-
gosity could result in pleiotropic effects of specific
genes responsible for expressing a predisposition
to obesity.

The evaluated phenotype traits, at a population
genetic level, indicate the intrinsic changes in sam-
ples of individuals with normal weight, those with
overweight and those who are obese.

The presence of variability in the proportion
of certain observed recessive phenotype traits
between different samples of individuals has been
studied previously (e.g., between genders, between
ill and healthy individuals, between sportsmen 
and non-sportsmen) [14, 19-21]. In our study, we
observed that different traits significantly differed
between evaluated groups, as well as a different
proportion of traits, giving us the assumption of dif-
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ferent predisposition to overweight and obesity
states. It should also be stressed that analysis
of individual traits distribution implies the presence
of different presentation of characteristic groups
of traits between evaluated samples of individuals,
pointing to the possibility of a correlation with dif-
ferent combinations of polygenes that could be
involved in regulatory processes that are responsi-
ble for fat metabolism, resulting in the increase
of BMI. However, absence of statistical significance
between overweight and obese samples of indi-
viduals regarding the degree of genetic homozy-
gosity and individual variation of evaluated traits
indicates that these individuals are more similar in
the population genetic approach versus those with
normal weight. 

In this study there were a few limitations.
The first one applies to the variations of normal
genotype in the human population, since we can-
not establish it with exact confidence. Also, the eval-
uated phenotype characteristics should be im -
proved further with other morphophysiological
characteristics.

From the results of our study it can be conclud-
ed that overweight and obese individuals have
a genetic predisposition, and that different expres-
sion of genetic loads could be one of the possible
explanations for different susceptibility to the
increase of fat mass and BMI.

Such evaluation of homozygously recessive char-
acteristics in a population with increased body mass
could be of some benefit as a potential screening
method along with other diagnostic approaches
that might identify the population at risk, enabling
timely introduction of prophylactic measures.
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