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Abstract

population.

Background Metabolic dysregulation leading to diabetes is a major public health concern in India. While evidence
has pointed to a role for genetic factors, there is still limited knowledge regarding the specific variants that play a part
in this process. Recent studies have implicated Tumor protein, p53, a well-known tumor suppressor, in maintaining
metabolic homeostasis in our body. Polymorphisms that can disrupt this function are thought to increase suscepti-
bility to diabetic and prediabetic phenotypes like Metabolic syndrome (MetS). A common polymorphism at codon
72 (rs1042522) is associated with obesity and other metabolic disorders. However, its role may vary depending

on the specific population and disease context. Our study aimed to evaluate whether the polymorphism at codon 72
of p53 (rs1042522) is associated with MetS and Diabetes, in a Central Indian population.

Results A total of 66 individuals and 63 healthy controls, identified based on the National Cholesterol Education
Program (NCEP)/Adult Treatment Panel-lll (ATP-IIl) 2001 guidelines, were enrolled in the study. The carriers express-
ing mutant allele “G"for arginine at codon 72 had higher weight than those having wild-type allele “C"which
codes for proline (p=0.038). The majority of the subjects were heterozygous for p53 codon 72 polymorphism
though the association was not statistically significant for either MetS or diabetes.

Conclusion Our findings suggest that p53 codon 72 (rs1042522) varaints may trigger metabolic dysfunction

by impacting weight. The polymorphism appears to confer a heterozygous advantage, as individuals with a heterozy-
gous genotype exhibited the highest susceptibility to metabolic disease. Although further studies are required, our
results for the first time indicate that the p53 codon 72 (rs1042522) polymorphism could be considered a genetic
marker to predict the increased susceptibility to diabetic and prediabetic phenotypes among Central Indian
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Background

Diseases associated with dysregulation in metabolic
homeostasis, namely diabetes and metabolic syndrome
(MetS), have become a global epidemic, with India being
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particularly affected. Over the past three decades, the
prevalence of diabetes in India has increased fivefold,
and recent reports show prevalence rates of over 30%
for MetS [1]. In most adults, the presentation of MetS
precedes full-blown diabetes. The presence of MetS
increases the risk for diabetes three to five times [2]. Mul-
tiple criteria for defining MetS have been proposed to
exploit the utility of clubbing together various derange-
ments in biochemical parameters seen in diabetes. This
information is being used to understand its implications
in diabetes development and management. The most
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recent is the Harmonized Definition, according to which
MetS is considered present, when at least 3 of the five
medical conditions coexist in an individual. The condi-
tions are increased waist circumference, triglycerides,
fasting glucose, or blood pressure or decreased HDL-
cholesterol levels [3].

Studies have demonstrated a high prevalence of MetS
and diabetes in both urban and rural Indian populations
[4], emphasizing the involvement of a genetic compo-
nent in MetS and diabetes. The distinct Indian phenotype
marked by elevated insulin resistance and upper-body
adiposity further highlight a genetic predisposition to
MetS and diabetes [5, 6]. Recently, the product of p53
genes has been shown to play an essential role in main-
taining metabolic homeostasis in our body [7]. p53 is a
tumor suppressor gene that influences several biological
activities that maintain genomic integrity, particularly in
response to insults such as DNA damage, oncogene acti-
vation, and oxidative stress [8].

Studies have demonstrated that p53 is involved in the
regulation of glucose homeostasis and hepatic glucose
production [9]. Additionally, p53 has been found to have
a direct role in adipocyte differentiation and function,
which is important for metabolic health [10]. Further-
more, p53 is known to contribute to whole body energy
homeostasis and is involved in multiple metabolic path-
ways, including glucose, lipid, and amino acid metabo-
lism [11]. It has also been observed that p53 levels in
adipose tissue can impact systemic energy homeostasis
and insulin resistance [12]. Overall, these findings high-
light the crucial role of p53 in maintaining metabolic
homeostasis and its potential implications in metabolic
diseases. Consequently, any polymorphism that disrupts
its function in maintaining metabolic homeostasis may
contribute to an increased susceptibility to MetS and
diabetes. In vivo, humanized p53 knock-in mice analy-
ses have shown that p53 codon 72 variants differentially
regulate genes involved in cellular metabolism [13]. The
variation at codon 72 (rs1042522) resulting in Arginine
(Arg) instead of Proline (Pro), is widely studied due to its
direct influence on obesity, body mass index (BMI), and
higher risks for MetS and diabetes.

The p53 codon 72 variants have been found to differen-
tially regulate genes involved in cellular metabolism [14—
16]. In a study using isogenic cell lines, it was observed
that the expression pattern of genes involved in metab-
olism was decreased in cells having the alleles for Arg
compared to Pro containing cells [17]. Additionally, the
Arg variant of mutant p53 was shown to enhance mito-
chondrial function and metastatic capability in tumor
cells, indicating an impact on metabolism [18]. These
findings suggest that the p53 codon 72 variants play a role
in regulating genes involved in cellular metabolism, with
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the Arg- containing variant showing a distinct impact
compared to the Pro-containing variant.

The p53 codon 72 polymorphisms have been studied
in relation to metabolic syndrome and diabetes in vari-
ous populations. The results from the available abstracts
are mixed. One study in South Indian population found
no significant association between p53 codon 72 poly-
morphism and diabetes [19]. However, another study
in patients with type 1 diabetes found that the homozy-
gous Pro/Pro genotype of TP53 codon 72 was associated
with an increased risk of microvascular complications,
dyslipidemia, and celiac disease, while the homozygous
Arg/Arg variant was associated with a decreased risk of
autoimmune thyroiditis and celiac disease [20]. Another
study found that the homozygous Arg/Arg genotype of
TP53 codon 72 might be a protective factor for diabetic
complications in patients with type 2 diabetes in Chinese
Han population [21]. Therefore, the association between
p53 codon 72 polymorphism and metabolic diseases
like MetS and diabetes may vary depending on the spe-
cific population and disease context. Given these facts,
in the current study, we aimed to evaluate the prevalence
of p53 polymorphism at codon 72 with MetS and diabe-
tes and its various clinicopathological to understand its
implications for MetS and diabetes in a Central Indian
population.

Methods

In the present case—control study, p53 codon 72 poly-
morphism was determined by polymerase chain reac-
tion (PCR)-restriction fragment length polymorphism
(PCR-RFLP) in subjects diagnosed with or without
metabolic syndrome. The subjects were selected among
those attending the outpatient department of All India
Institute of Medical Sciences-Raipur (AIIMS-Raipur),
in Central India between October 2018 and April 2019.
In total, one hundred twenty-nine participants were
recruited, of which 66 subjects were diagnosed with
MetS by the attending clinician, while 63 subjects were
not diagnosed with metabolic syndrome. National Cho-
lesterol Education Program (NCEP)/Adult Treatment
Panel-IIT (ATP-III) (NCEP ATP III 2001) criteria were
used to identify participants with MetS [22]. Accord-
ingly, participants were categorized as having MetS if
any three of the following five criteria were present in
them: Waist circumference: >40 inches in males or>35
inches in females, Triglycerides:>150 mg/dL or on
treatment, HDL: <40 mg/dL in males or<50 mg/dL (F)
or on treatment, Fasting plasma glucose:>100 mg/dL
or on treatment, Blood pressure:>130 mmHg systolic
or>85 mmHg diastolic or on treatment. The controls,
age, and gender-matched (with cases) individuals with-
out metabolic syndrome were selected randomly among
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volunteers. In our study group, 47% of the subjects were
prediabetic (fasting blood glucose between 101 and
125 mg/dL), and 47% were diabetic (fasting plasma glu-
cose above 126 mg/dL). In 6% of the MetS subjects, the
fasting plasma glucose was below 100 mg/dL. In contrast,
in 95% of the controls, blood glucose levels were below
100 mg/dL, while prediabetic and diabetics were 2% and
3%, respectively (Additional file 1: Fig. 1). The study pro-
tocol was approved by the Institute Ethics Committee of
AIIMS-Raipur and informed consent was obtained from
all subjects.

Anthropometric and biochemical parameters
Measurements like height (cm) and weight (kg) were
taken on subjects without shoes. Weight was measured
using a digital weighing machine. For height measure-
ment, subjects were asked to keep their feet flat on the
floor and stand straight with their back flat against the
wall, keeping the chin parallel to the floor. We placed
a pencil flat against the top of the person’s head and
marked it on the wall. The distance was measured from
the floor to the mark on the wall using a measuring
tape. BMI was calculated using the formulae: weight in
kilograms divided by the square of height in meters (kg/
m?). We measured the waist circumference (inch) mid-
way between the midaxillary line’s lowest rib and iliac
crest. Fasting Plasma Glucose (FPG), Total Cholesterol,
and Triglycerides were measured on Beckman Coul-
terAU680. HDL-cholesterol was measured after precipi-
tation of apolipoprotein B containing lipoproteins, and
LDL cholesterol level was calculated using the Fridewald
formula.

DNA isolation and genotyping

Whole blood was collected in an EDTA vacutainer and
stored at —20 °C until subsequent analysis. DNA was
extracted from 200 pL of whole blood using a QIAamp®
DNA Blood mini kit (Qiagen, CA, USA) and stored
at —80 °C. DNA yield and quality were assessed on
NanoDrop spectrophotometer. Determination of p53
genotype for Arg/Pro polymorphism at codon72 was per-
formed according to a protocol reported by Tandon et al.
[23]. Primers, 5 -ATCTACAGTCCCCCTTGCCG-3’
and 5'-GCAACTGACCGTGCAAGTCA-3’, were used
to amplify exon 4 region coding for 72nd amino acid
of the p53 gene. PCR reaction was performed in 20 pL
volume containing 50 ng of genomic DNA template,
12.5 pmol of each primer, 0.1 mM of each ANTP and
1 X PCR buffer. PCR conditions were as follows: an initial
denaturation step at 94 °C for 4 min, 35 cycles of 94 °C for
40 s, 56 °C for 30 s, and 72 °C for 30 s and a final exten-
sion at 72 °C for 10 min. The PCR product (296 bp frag-
ment) was digested with BstUI (Thermo Scientific") for
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Fig. 1 PCR-restriction fragment length polymorphism analysis of p53
codon 72 polymorphism by 2% agarose gel electrophoresis. Shown
are Lanes 1 and 9—50-bp DNA molecular weight marker; Lane 2—
No template control; Lane 3, 5, 7-296 bp PCR product; Lanes 4, 6

and 8: PCR products following digestion with BstU1. Lane 4—Pro/Pro
(C/C) having 296 bp band; Lane 6—Arg/Arg (G/G) having two bands
of 169 and 127 bp, and Lane 8—Pro/Arg (C/G) with all three bands

16 h at 37 °C and analyzed on 2.5% agarose gel containing
ethidium bromide. The p53 codon 72 polymorphism with
Pro allele, which lacks the BstUI restriction site, shows
only a single 296 bp band, whereas p53 codon 72 poly-
morphism with Arg allele, has the BstUI restriction site,
and therefore produces bands of 169 and 127 bp. Accord-
ingly, Pro/Pro subjects exhibit a single, 296 bp band, Arg/
Arg subjects exhibit two bands of 169 and 127 bp, and
heterozygote subjects (Pro/Arg) exhibit all three bands.
The gel electrophoresis pattern is shown in Fig. 1.

Statistical analysis

Data was entered in MS Excel and statistical analysis was
performed using SPSS 21.0 (SPSS Inc., Chicago, USA).
Data are presented as meanz+standard deviation. The
genetic model of inheritance was calculated as previously
described [24]. Chi square test and t-test were performed
for comparison of categorical and numerical data respec-
tively. p-values of < 0.05 were considered significant.

Results

Clinical data and biochemical parameters

Because this was a pilot study, we calculated the sam-
ple size based on a previously published formula,
n=2Z7?P(1-P)/d? where n is the sample size [25] Z, the
standard normal variate was taken as 1.96 at 95% confi-
dence interval (CI). P, the expected prevalence was taken
as 21%. The p value used here represents the mean of
diabetes prevalence in India, which is 11.6% [26], and
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MetS prevalence, set at 30%. The allowable error, d, was
taken as 10%. Substituting the values in the equation, we
got a sample size of 66 cases and 66 controls. Accord-
ingly, we enrolled 132 randomly consenting individuals
coming to the hospital for various medical care. How-
ever, three control samples did not amplify any genes.
So, for calculation purpose our study group consists for
66 cases and 63 controls. The genotype distribution and
allele frequency of the individual SNPs, p53 rs1042522
were consistent with Hardy Weinberg’s law (Table 1). The
MetS patients included 37 females and 29 males, whereas
healthy controls included 29 females and 34 males. The
samples were normally distributed. The observed geno-
type distributions agreed with those expected according
to the Hardy—Weinberg equilibrium in this population
(Table 1). The number of individuals carrying the het-
erozygous form of p53 rs1042522 was higher than those
homozygous for either variants (Table 1). The average
age of MetS patients and controls were 45.7 and 47.5,
respectively (Fig. 2). There was a significant difference in
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anthropometric and biochemical measurements between
the study groups (Additional file 1: Table 1). Weight,
BMI, waist circumference, fasting plasma glucose, Tri-
glyceride, and total cholesterol were significantly higher
in the MetS group compared to the control. But HDL-
Cholesterol was lower in the group with MetS compared
to the healthy control group. Since selected MetS cases
and controls were based on NCEP ATP III 2001 criteria,
not all cases were diabetic.

Relationship of p53 codon 72 (rs1042522) polymorphism
on MetS

The genotypic and allele distribution of the studied sub-
jects in MetS is shown in Tables 2 and 3 respectively.
There was no significant impact of genotype or allele of
p53 polymorphism at codon 72 (rs1042522) in cases or
controls (p=0.71 and 0.91 respectively). An odds ratio of
1 was observed between the cases (MetS) and controls
which typically implies no association between the poly-
morphic allele and the outcome (metabolic syndrome).

Table 1 The distribution of genotypes, allele frequencies and Hardy-Weinberg equilibrium analysis for p53 codon 72 polymorphism

in the studied group

Genotypes Arg+Arg Arg+Pro Pro+Pro
Observed 37 60 32 p-value=0.48
Expected (H-W frequencies) 34.8 (26.98%) 64.4 (49.92%) 29.8 (23.1%)

Allele (frequencies)

Arg=134(51.94%), Pro=124 (48.06%)

number
[ Case 66 45.7
" Control 63 47.5

Fig. 2 Population distribution in cases and control

%%@%

female male
37 29
29 34
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Table 2 Genotype distribution of p53codon 72 polymorphism
in subjects diagnosed with (case) or without (control) MetS

Group p53 genotype p value
Pro+Pro Arg+Pro Arg+Arg

Case 15 33 18 0.71

Control 17 27 19

Total 32 60 37

Table 3 Allele distribution and the analysis of the odds ratio
(OR) for p53codon 72 polymorphism in subjects diagnosed with
(case) or without (control) metabolic syndrome

Group p53 Allele OR 95% ClI p value
Pro Arg

Case 63 69 1.06 0.6306-1.6754 091

Control 61 65 1.03

Total 124 134

Table 4 Genotype distribution and odds ratio (OR) analysis
for p53codon 72 polymorphism in subjects with metabolic
syndrome and the control group

Group Pro +Pro Arg+Pro Arg+Arg OR1 OR2
Case 15 33 18 1.38 0.77
Control 17 27 19

In order to assess the impact of allele variation, we cal-
culated the odds for the disease (MetS) as previously
described (24). The calculated value of OR2 was found
to be equivalent to=1/OR1 (Table 4) which implied that
minor allele resulting in “arginine” at codon 72 had an
over-dominant effect.
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Table 6 Tukey multiple comparisons of means of weight
between the p53 codon 72 alleles among metabolic syndrome
subjects

Allele Difference  Lower limit  Upperlimit  pvalue
Arg+Pro—Arg  —2075225  —5899726 1.7492757 040
Pro—Arg —4.829392  —9.246256 -04125273  0.02
Pro—Arg+Pro  —2.754167  —6.759224 1.2508902  0.23

Bold value denote statistical significance at the p < 0.05 level

Next, we compared the effect of polymorphism on
various clinical and biochemical parameters used to
classify MetS (Table 5). The subgroups of MetS patients
with different p53 codon 72 (rs1042522) genotypes
showed a significant impact on weight (p=0.03). To
check in more detail, we did a Tukey multiple com-
parison of means at a 95% family-wise confidence level.
We found a significant difference between carriers of
the allele coding for “Pro” or “Arg’, which impacted the
weight (p=0.02). However, there was no significant dif-
ference between carriers of alleles coding for Arg+ Pro
and Arg+Arg (p=0.4) or between Arg+Pro and
Pro+Pro (p=0.2), that impacted the weight (Table 6).

Relationship of p53 codon 72 (rs1042522) polymorphism
on diabetes

Since selected MetS cases and controls were based on
NCEP ATP III 2001 criteria, all the study participants
could be further categorized as diabetic or prediabetic
using the ADA criteria for diabetes diagnosis based on
fasting blood glucose levels. Fasting is defined as no
caloric intake for at least 8 h. The subjects were cate-
gorized as normal, prediabetic or diabetic if the fasting
blood glucose levels were less than 100 mg/dL, 100 mg/

Table 5 Genotype distribution among cardiometabolic components used to define MetS

Parameter Genotype p value
Arg+Arg Arg+Pro Pro+Pro
Height 161.60£7.63 161.10+7.02 159.78+522 0.52
Weight 67.89+7.42 65.82+7.65 63.06+8.15 003
Waist circumference 37.19£3.10 37.01£353 36.81£3.99 091
BMI 25.89+286 2528+292 24.64+3.26 0.23
Fasting blood glucose 138.45+80.823 116.20+45.24 126.63+66.88 0.23
Triglyceride 141.95+70.66 148.38+£64.76 158.88+81.75 0.61
Total cholesterol 1732244791 174.88+36.14 158.91+41.80 0.18
HDL-cholesterol 42.20£7.95 41.55+7.49 42.75+9.69 0.78
LDL-cholesterol 103.92+42.11 101.18+£32.05 86.16+33.02 0.08
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Table 7 Genotypes distribution of p53codon 72 polymorphism in subjects with diabetes and prediabetes

Group Pro+Pro Arg+Pro Arg+Arg p value OR1 OR2
Normal 17 29 18 045 0.82 1.01
Prediabetes 6 19 7

Diabetes 9 12 12

Table 8 Allele distribution of p53codon 72 polymorphism in
subjects with diabetes and prediabetes

Group Pro Arg p value
Normal 63 65 0.88
Prediabetes 31 33

Diabetes 30 36

dL to 125 mg/dL) and 126 mg/dL or higher respec-
tively. The genotypic and allelic distribution of the p53
polymorphic forms among the three groups were ana-
lyzed. However, we did not see any significant impact
of the polymorphism among the three groups (Tables 7
and 8). To evaluate the impact of individual alleles on
diabetes, we clubbed the variables for prediabetes and
diabetes and OR1 and OR2 was calculated as previously
described (24). The calculated value to OR2 was 1,
which implied that the presence of minor allele result-
ing in “Arginine” had a dominant role in the risk for
diabetes (Table 7).

Discussion

The incidence of a cluster of deranged metabolic com-
ponents termed MetS is a risk factor for diabetes and
parallels the diabetic epidemic in India [1]. Recent stud-
ies have implicated the presence of a SNP in the tumor
suppressor gene, p53 at codon 72 (rs1042522), result-
ing in arginine instead of proline in the development of
metabolic diseases [14, 15]. However, the association
between p53 codon 72 polymorphism and metabolic
diseases like MetS and diabetes may vary depending on
ethnic variations. Therefore, in the present study, we
wanted to investigate the prevalence and impact of p53
codon 72 (rs1042522) polymorphism in the development
of MetS and diabetes in a Central Indian population. We
found a significant association between p53 codon 72
(rs1042522) polymorphism and weight. The presence of
the Pro allele has a protective effect on weight. However,
we did not find any significant association with other
cardiometabolic components used to define MetS and
diabetes, like fasting plasma glucose, total cholesterol,
triglycerides, HDL-C, or LDL-C, even though their levels
indicated a trend toward risk for type 2 diabetes and car-
diovascular diseases.

Type 2 diabetes has become a significant health prob-
lem in India. Several factors are being analyzed to curb
the prevalence of type 2 diabetes, but none have been
very effective. Despite this, it is generally agreed that
diabetes is a disease arising from a cluster of deranged
metabolic pathways related to disturbances in energy
metabolism and can be predicted by analyzing these
biological parameters [27]. This cluster, called MetS
indicates a predisposition to type 2 diabetes and cardio-
vascular diseases [28]. Coinciding with the increase in
diabetic cases, there is also an increase in the incidence
of MetS in India. So, understanding the etiology of MetS
is equally crucial for managing and caring for diabetes.
According to current estimates, nearly 30% of the popu-
lation in India has MetS [1]. While the pathogenesis of
the MetS and its components is complex and not fully
elucidated, genetic profile, physical inactivity, aging, a
proinflammatory state, and hormonal dysregulation have
been implicated in its development [29]. Increasing evi-
dence has linked the product of tumor suppressor gene,
p53 and, in particular, SNP rs1042522 polymorphism
having the minor allele “G” with the occurrence and
development of metabolic diseases, including MetS and
diabetes, in different ethnic populations [30-32].

MetS is the concurrence of obesity-associated cardio-
vascular risk factors. Though an association was found
with weight in the studied population, we found no
impact on other cardiovascular risk factors. Our obser-
vation agrees with the study by Lagares et al.,, who did
not find any association between the p53 polymorphism
at codon 72 (rs1042522) and risk factors of cardiovascu-
lar diseases or its risk factors in a Brazilian population
[33]. Similarly, Alkhalaf et al. found similar risks of car-
diovascular diseases and metabolic diseases in their study
population from Kuwait, irrespective of p53 codon 72
(rs1042522) polymorphism status [34].

In the present study, we recruited 66 patients diag-
nosed with MetS and 63 controls. The sample size was
consistent with the theoretical sample size calculated
based on the dominant inheritance model of metabolic
syndrome in an Indian population [1]. We found that
the differential distribution of TP53 Pro72Arg genotypes
(Pro/Pro, Pro/Arg, and Arg/Arg) was not statistically
significant between the MetS patients and the controls
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(p=0.71) (Table 2). Similarly, the allele frequency was
statistically similar between the MetS patients and the
controls (Table 3). However, the polymorphism seems
to have a heterozygote advantage as the heterozygotes
are more in the population than Arg/Arg or Pro/Pro
homozygotes. This would mean that the mutant type
p53 can antagonize wild-type p53 functions in a domi-
nant negative manner. This inactivation could stem from
the fact that the transcriptional activity of wild-type p53
relies on the formation of tetramers, whose DNA bind-
ing function may be interfered by mutant p53 [35]. Our
observations that wild-type allele might have a protective
effect on weight further confirms this hypothesis.

Since selected MetS cases and controls were based on
NCEP ATP III 2001 criteria, we were able to classify our
population into diabetic, prediabetic, and normal based
on the levels of fasting blood glucose. We did not find any
increased risk for diabetes due to polymorphisms in p53
at codon 72 (rs1042522). Our results concordance with
the findings of Punja et al. in a population from South
India. In their population, p53 codon72 polymorphism
was not associated with an increased risk of type 2 dia-
betes [19]. However, this contrasts with the observation
of Guo et al. in a Chinese population. The authors found
a significant association of p53 codon 72 (rs1042522)
polymorphism with susceptibility to diabetes. Further,
they concluded that the homozygous Arg/Arg genotype
might be a protective factor for diabetic complications
[21]. Similarly, Gloria-Bottini et al. also found that carri-
ers homozygous for “Arg/Arg” has an increased risk for
diabetes in an Italian population [36].

Due to the complex, multifactorial disease that diabe-
tes is, there should be considerable interaction between
genetic and environmental factors, which may influ-
ence several intermediate traits like obesity and MetS.
Through its influence on weight, our findings demon-
strate the concept of an indirect effect of p53 codon72 as
a genetic risk factor for MetS and diabetes. It is known
that an increase in weight cause the release of proin-
flammatory cytokines, which may contribute to obe-
sity-linked metabolic dysfunctions, leading to insulin
resistance and type 2 diabetes mellitus [37, 38].

In this preliminary study, we found an indirect asso-
ciation between presence of alleles coding for “Arg” as
72nd amino acid of p53 and risk for MetS and diabe-
tes. MetS and diabetes is a complex disease and their
pathology involves interaction of multiple gene variants
and environmental factors. In our investigation, we
observed that minor allele coding for Arg had a dom-
inant effect on the risk for diabetes. On the contrary,
heterozygous alleles for p53 codon 72 polymorphism
exhibited a pronounced over-dominant effect on MetS.
An over-dominant model assumes the heterozygote has
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the strongest impact on the disease. MetS is considered
as a precursor for diabetes and based on our findings, it
can be inferred that the mere presence of a single copy
of allele encoding for “Arg” may elevate the susceptibil-
ity to metabolic diseases. However, it is not clear if this
effect was related to complexity of polygenic diseases
like diabetes and MetS or due to limited sample size
used in the study. Studies with larger groups as pro-
posed should resolve these uncertainties.

Treating prediabetic conditions like obesity and MetS
is more urgent than ever due to its drastic increase in
recent years. In addition to contributing to chronic
conditions like diabetes, and cardiovascular diseases,
it can also impede the quality of life in other ways by
limiting a person’s movement. Studies such as ours can
be used to identify a subpopulation of people who are
more prone to chronic metabolic conditions like MetS
and diabetes. These subgroups can be subjected to rig-
orous lifestyle changes and/or combined with therapeu-
tic interventions to control genetic factors influencing
the risk of developing chronic metabolic diseases.
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