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Abstract

Obesity is a health burden that currently affects over 13% of the global adult population, consisting of over 650 million
adults. Obesity is evaluated based on a body mass index (BMI) scale, which is calculated as weight in kilograms divided by
the square of height in meters. Adults with a BMI greater than 30kg/m2 are considered to be obese while adults with a BMI
greater than 40kg/m2 are considered morbidly obese. Adenosine deaminase (ADA) is a polymorphic enzyme that plays an
important role in both immune functions and the regulation of intracellular and extracellular concentrations of adenosine.
Three alleles of the ADA gene (ADAI, ADA2, ADAG) are associated with type 1 diabetes mellitus (DM1). ADA2/6 may
increase susceptibility to DM1 in females. Given the evidence linking obesity with DM 1, we wanted to determine whether
a correlation exists between ADA?2 allele and obesity. The ADA2 (+22 G->A4, rs73598374) SNP changes the amino acid at
position 8 from aspartic acid (Asp8)(D) to asparagine (Asn)(N). In this study, we present significant evidence of association
between the ADA2 allele and obesity or BMIs greater than 25 in the Latino adult but not in the Caucasian population and
therefore, may be a risk for obesity and its complications such as DM1.

Keywords: Adenosine Deaminase, Body Mass Index, Type 1 Diabetes Mellitus, Diabetes Mellitus Type 2, Single Nucleotide Poly-

morphism, Obesity

1. Introduction

Obesity is a health burden that currently affects over 13% of
the global adult population in 2016, consisting of over 650
million obese adults with more than 1.9 billion adults-18 years
and older were overweight. Over 340 million children and
adolescents aged 5-19 were overweight or obese [www.who.
int/news-room/fact-sheets/detail/obesity-and-overweight] [1,2].
It causes multiple heath problems and serious complications,
such as coronary heart disease, cardiovascular arrests, and
risk of diabetes [3,4]. In the United States, the non-diagnosed
diabetes mellitus type 2 (DMT2) has a prevalence as high as
6.9% [5]. By standard procedure, obesity is evaluated based on
a body mass index (BMI) scale, which is calculated as weight
in kilograms divided by the square of height in meters. BMI has
been studied extensively due to the health effects of obesity and
its relative ease of measurement. Excessive weight increases the
risk of type II diabetes, coronary artery disease and hypertension
and is associated with many forms of cancer along with adverse
social and psychological consequences. The fundamental cause
of obesity and overweight is an energy imbalance between
calories consumed and calories expended. Globally, there has
been an increased intake of energy-dense foods that are high in
fat and sugars and an increase in physical inactivity due to the
increasingly sedentary nature of many forms of work, changing
modes of transportation and increasing urbanization.

Adults with a BMI greater than 30kg/m? are considered to
be obese while adults with a BMI greater than 40kg/m? are
considered morbidly obese [1]. Adults with a BMI between
25kg/m2 to 29.9kg/m?2 are considered overweight and a normal
BMI ranges from 18.5kg/m2 to 24.9kg/m2 [6]. Women are more
likely to be obese, while men are more likely to be overweight
[6]. Within the United States, 25% of children are overweight
and 11% are considered obese [7]. Dehghan et al. found that
70% of obese adolescents grew up to be obese adults. Currently,
at least 18 genetic loci have been identified, each of which
consist of several single nucleotide polymorphism (SNP) that
are involved in the pathogenetic complexity of diabetes [4,8].
Obesity can be caused by physical inactivity, a poor diet or
both in combination. Block [9]. Found that people in the United
States consumed about 25% of their total calories from nutrient-
poor foods. Further, obesity is associated with diabetes mellitus,
elevated levels of triglycerides and low density lipoprotein

cholesterol (LDL-C) and lower levels of high density lipoprotein
cholesterol (HDL-C) than people of average weight. Elevated
levels of triglycerides and LDL-C and low levels of HDL-C
are associated with increased risk for cardiovascular disease
[3]. Adenosine deaminase (ADA) is a polymorphic enzyme
that plays an important role in both immune functions and
the regulation of intracellular and extracellular concentrations
of adenosine. Deficiency of ADA results in severe combined
immunodeficiency (SCID) presenting in infancy and usually
resulting in early death [10-14]. There is an association between
type 1 diabetes mellitus (DM1) and three alleles (A4DA’,
ADA?, ADA®) of the ADA gene. ADA2/6 alleles may increase
susceptibility to DM1 in females [15]. The role of ADA has
been implicated as an important regulator of insulin action and
in the pathogenesis of diabetes mellitus. Increased serum levels
of ADA and its correlations with glycemic control have been
reported in diabetic patients [5,6]. Animal studies suggest that
a genomic region of ADA modifies the rate at which sleep need
accumulates during wakefulness [16].

The current study was conducted to determine whether a
correlation exists between 4DA2 allele and obesity. Finding
a correlation between the ADA2 allele and obesity will assist
in explaining the underlying genetic contributor to obesity.
Uncovering such a correlation would provide doctors with
a means of testing for genetic predisposition to obesity and
taking aggressive measures to overcome hereditary tendencies.
The ADA? (+22 G->A, exon 1) SNP changes the amino acid at
position 8 from aspartic acid (GAC, Asp8)(D) to asparagine
(AAC, Asn)(N). The negatively charged aspartic acid to the
polar uncharged asparagine can affect the tertiary and secondary
structures as well as the folding of the enzyme that affects the
affinity of the ligand to the active site. 4DA4? has 20% to 30%
less enzyme activity than the 4DA’ allozyme. Bottini et al.
[17] studied 273 subjects with non-insulin-dependent diabetes
mellitus (NIDDM) from Penne, Italy. A low proportion of the
ADA? allele was observed in NIDDM subjects with a BMI of
25kg/m?2 or less and a high proportion of this allele is observed
in NIDDM patients with a BMI higher than 34kg/m? In the
intermediate BMI class, the proportion of 4DA? allele does not
differ significantly from that of normal subjects. No significant
effect on the relation between ADA and BMI has been observed
for sex, age, age at onset, therapy with insulin and dyslipidemia.
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Jadhav and Jain [18]. showed the serum ADA activity was
significantly increased in overweight and obese subjects and as
well as in combined overweight and obese group as compared
to control in overweight and obese Indian subjects. 4DA? is
associated with duration, depth of deep sleep and important
source of variation in sleep homeostasis in humans, through
modulation of specific components of the sleep EEG [19-
21]. Found significant increased serum ADA activity in 50
obese individuals from Turkey [22]. In this study, we wanted
to determine whether a correlation exists between ADA? allele
and obesity. The ADA? (+22 G->A, rs73598374) SNP changes
the amino acid at position 8 from aspartic acid (Asp8)(D)
to asparagine (Asn)(N). We present significant evidence of
association between 4DA? allele and obesity or BMIs greater
than 25kg/m2 in the Latino adult, but not in the Caucasian
population and therefore, may be a risk for obesity.

2. Materials and Methods

DNA was isolated from peripheral blood white blood cells
using standard proteinase K-SDS digestion; phenol/chloroform
extraction and ethanol precipitation methods [23]. From
randomly selected 229 individuals where age, sex, height
and ethnic/racial group were recorded. PCR was utilized to
amplify the ADA gene. The PCR reaction included 20 pL
of water, 10.0 pL of the template DNA, 10.0 uL of J buffer,
5.0 pL of dimethylsulfoxide (DMSO), 4.0 puL of 2.5 mM
deoxyribonucleotide triphosphates (dNTPs), 0.5 puL of Taq
polymerase, 1 pL of each outer primer (0.2 ug/uL). The cycling
times were: disassociation at 94°C for one minute; annealing
at 60]C for one minute; extension at 72°C for one minute for
45 cycles followed by 72[1C for 10 minutes. The primers are:
5'-CCGGCCCGTTAAGAAGAGCGTGGCCGGCCG-3'  and
5’-CTAAGC CGAAGGAAGAACTCGCCTGCAGGA-3'. Ten
uL of PCR amplicons were electrophoresed on 2.5% agarose gel
containing ethidium bromide. The gels were photographed with
a FB-PDC-34 photo-documentation camera (Thermo-Fisher
Scientific-Springfield, NJ). Five to 15 pL of PCR amplicon was
digested in a final volume of 40 uL containing 4 pL of 10x C
buffer, 1.0 uL of BSA and 1 pL of Taql at 650C for two hours.
Samples were electrophoresed on 2.5% agarose gel at ~60 volts
for two to three hours and photographed.

The Prism4 statistical software package was used for statistical
analysis. The SNP genotype percentage was compared between
groups using the Pearson Chi-square test or Fisher’s exact
method. P values less than 0.05 were considered statistically
significant.

3. Results

Our 229 adult cohort consisted of 46% male and 54% female with
73 patients having a BMI of <25 and 156 patients having a BMI
of >25. Thirty-three were White, 150 were Latino and 46 were
Asian or of unknown ethnic origins (Table 1). We genotyped
DNA from the 229 patients for the 4ADA? allele (+22) of a G
(ADA") to A (ADA?) coding for Asp8 by restriction endonuclease
Taql digestion of PCR amplicons (Figure 1). Taql digestion
detects the G allele (4DA")(TCG/AAC; TCGA = Taql). The
patients were sorted into four BMI groups: <25, 25-30, 30.1-

35 and 35+ plus White and Latino ethnic subgroups (Table 1).
Combining all patients with BMIs <25 (n = 63) vs. >25 (n =
156), we found a significant difference between the two groups
for the frequency of the ADA4? allele (p = < 0.0157). However,
if we separate the White and Latino ethnic groups, we found
that the significant difference in the frequency of the 4ADA? allele
in the Latino population and not the White population. For the
White population, there was no significant difference between
the BMIs <25 and the BMIs >25 for the frequency of the 4DA?
allele (p = > 0.05). For the Latino group, there was a significant
difference between the two BMI groups for the frequency of
the ADA? allele (p = < 0.0251). No additional differences were
found if sorted by male and female.

4. Discussion

Obesity prevalence is currently increasing due to various factors,
including hypercaloric alimentation, decreased physical activity,
social status and genetic variants [24]. The genotyping of 16
SNPs from published studies has shown that variants of 11 genes
(TCF7L2, PPARG, FTO, KCNJ11, Notch2, WFS1, CDKALI,
IGF2BP2, SLC30A48, JAZF1 and HHEX) are significantly
associated with the risk of DMT2 and therefore, the risk of
obesity. As a result, the association of genetic variants with
clinical risk factors may slightly improve the predictive capacity
for the future development of diabetes [25,26].

Adult obesity prevalence continues to rise according to new
CDC data (Division of Nutrition Physical Activity and Obesity
(DNPAO) September 15, 2021). By 2020, Adult Obesity
Prevalence Maps showed that 16 states now have an adult obesity
prevalence at or above 35% (Alabama, Arkansas, Delaware,
Indiana, Iowa, Kansas, Kentucky, Louisiana, Michigan,
Mississippi, Ohio, Oklahoma, South Carolina, Tennessee,
Texas, and West Virginia). Combined data from 2018-2020
show notable racial and ethnic disparities. Among states and
territories with sufficient data: 0 states had an obesity prevalence
at or above 35% for non-Hispanic Asian residents, 7 states had
an obesity prevalence at or above 35% for non-Hispanic White
residents, 22 states had an obesity prevalence at or above 35%
for Hispanic residents, 35 states and the District of Columbia
had an obesity prevalence this high among non-Hispanic Black
residents. Adults with obesity are at increased risk for many
other serious health conditions such as heart disease, stroke,
type 2 diabetes, some cancers and poorer mental health. Current
evidence suggests that there are notable differences in the
severity of psoriasis between racial and ethnic groups. Psoriasis
affects the USA Latino population at a lower prevalence with
more severe disease and a greater quality-of-life impact than
their White counterparts with higher rates of co-morbidities,
such as depression, obesity and diabetes [27].

In this study, we present significant evidence of association
between 4DA? allele and obesity or BMIs greater than 25 in
the Latino population. These data confirm that ADA may play
a role in determining an individual’s BMI and therefore, risk
for obesity. These results should add the ADA? allele to the list
of identified gene SNPs that are associated with obesity. Our
findings of decreased 4DA? allele in obese subjects is consistent
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with the recent findings of Kumar et al. [28]. demonstrating the
antiglycemic, antihyperlipidemic, anti-inflammatory control and
reduced ADA activity in DMT2 with garlic. Whether the reduced
ADA activity resulted in increased adenosine systemically or in
local subcellular micro-environments were not examined but
may have consequences. Since obesity affects so many people
in the world, it is essential that the causes of this disorder are
identified so that its effects can be targeted and lifestyle can be
modified. The current cohort should be expanded with a larger
sample size of patients with a BMI greater than 30. Identification
of genetic markers could provide healthcare workers with the

personalized medical information required to proactively treat
or advise individuals with a genetic predisposition to obesity
and medical conditions associated with it. Takhshid et al [29].
Showed the SNP G22A in ADA was not associated with the
risk of gestational diabetes mellitus (GDM) in the Iranian
population, however the GG genotype was associated with poor
glycemic control and obesity in GDM patients. Amoli et al [30].
observed a significant increase in the frequency of the ADA,
AA genotype in obese Iranians compared to the controls plus
significant increase in obese Iranian patients with triglyceride
(TG) compared to the normal controls.

400bp->

300bp-> |
200bp->

100bp->

STD

Agarose gel electrophoresis for ADA
+22 bpallele by Taql digest

G/G
G gains Taql site

Figure 1: legend Composite photograph of agarose gel electrophoresis of human ADA PCR amplicons digested with Taql. Taql
detects the allele containing a G (4DA1) that creates a Taql restriction endonuclease site. Lane 1 on left shows 100 bp DNA standard
ladder. Lane 2 from left shows DNA from an homozygous G/G sample, lane 3 from left shows DNA from an heterozygous G/A and
lane 4 from the left shows DNA from a homnozygous A/A.

BMI kg/m? # of patients # of patients # of patients % G allele % A allele
G/G A/G A/A

All patients

<25 58 15 0 131/146 = 0.897 | 15/146 = 0.103

25.1-30 97 9 0 203/212=0.958 [ 9/212 = 0.042

30.1-35 42 0 87/90 =0.97 3/90 =0.033

>35 4 0 9/10=0.90 1/10=0.10
299/312=0.96 |13/312=0.042 | all obese

White

<25 14 4 0 32/36 =0.89 4/36 =0.11

25.1-30 5 3 0 13/16 = 0.81 3/16 =0.19

30.1-35 0 0 8/8=1.0 0/8=0

>35 3 0 0 6/6=1.0 0/6=0
27/30=0.9 0.1 all obese

Latino

<25 28 5 0 61/66 = 0.924 5/66 =0.076

25.1-30 72 2 0 146/148 = 0.986 | 2/148 = 0.014
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30.1-35 34 2 0 70/72=0.972 2/72 =10.028
>35 7 0 0 14/14=1.0 0/14=0
230/234 =0.983 | 4/234=0.017 all obese

Table 1 : ADA Genotypes in Obese Patients

References

1.

10.

11.

12.

13.

Long,J. R, Liu, P. Y., Liu, Y. J., Lu, Y., Xiong, D. H., Elze,
L., ... & Deng, H. W. (2003). APOE and TGF-B1 genes are
associated with obesity phenotypes. Journal of medical
genetics, 40(12), 918-924.

American Diabetes Association. (2010). Diagnosis
and classification of diabetes mellitus. Diabetes care,
33(Supplement 1), S62-S69.

Krauss, R. M., Winston, M., Fletcher, B. J., & Grundy,
S. M. (1998). Obesity: impact on cardiovascular disease.
Circulation, 98(14), 1472-1476.

Vacante, M., Malaguarnera, M., & Motta, M. (2011).
Revision of the ADA-classification of diabetes mellitus
type 2 (DMT2): the importance of maturity onset diabetes
(MOD), and senile diabetes (DS). Archives of Gerontology
and Geriatrics, 53(1), 113-119.

Selvin, E., Coresh, J., & Brancati, F. L. (2006). The burden
and treatment of diabetes in elderly individuals in the US.
Diabetes care, 29(11), 2415-2419.

McTigue, K. M., Harris, R., Hemphill, B., Lux, L., Sutton,
S., Bunton, A. J., & Lohr, K. N. (2003). Screening and
interventions for obesity in adults: summary of the evidence
for the US Preventive Services Task Force. Annals of
internal medicine, 139(11), 933-949.

Dehghan, M., Akhtar-Danesh, N., & Merchant, A. T. (2005).
Childhood obesity, prevalence and prevention. Nutrition
journal, 4(1), 1-8.

Thorleifsson, G., Walters, G. B., Gudbjartsson, D. F,,
Steinthorsdottir, V., Sulem, P., Helgadottir, A., ... &
Stefansson, K. (2009). Genome-wide association yields
new sequence variants at seven loci that associate with
measures of obesity. Nature genetics, 41(1), 18-24.

Block, G. (2004). Foods contributing to energy intake in
the US: data from NHANES III and NHANES 1999-2000.
Journal of Food Composition and Analysis, 17(3-4), 439-
447.

Giblett, E., Anderson, J., Cohen, F., Pollara, B., &
Meuwissen, H. (1972). Adenosine-deaminase deficiency in
two patients with severely impaired cellular immunity. The
Lancet, 300(7786), 1067-1069.

Parkman, R., Gelfand, E. W., Rosen, F. S., Sanderson, A., &
Hirschhorn, R. (1975). Severe combined immunodeficiency
and adenosine deaminase deficiency. New England Journal
of Medicine, 292(14), 714-719.

Ratech, H., Greco, M. A., Gallo, G., Rimoin, D. L.,
Kamino, H., & Hirschhorn, R. (1985). Pathologic findings
in adenosine deaminase-deficient severe combined
immunodeficiency. I. Kidney, adrenal, and chondro-osseous
tissue alterations. The American journal of pathology,
120(1), 157.

Hirschhorn, R., Beratis, N., Rosen, F., Parkman, R., Stern,

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

R., & Polmar, S. (1975). Adenosine-deaminase deficiency
in a child diagnosed prenatally. The lancet, 305(7898), 73-
75.

Hirschhorn, R., Papageorgiou, P. S., Kesarwala, H. H., &
Taft, L. T. (1980). Amelioration of neurologic abnormalities
after enzyme replacement in adenosine deaminase
deficiency. New England Journal of Medicine, 303(7), 377-
380.

Saccucci, P, Meloni, G. F., Verrotti, A., Borgiani, P,
D'Annibale, F., Giannini, C., ... & Gloria-Bottini, F. (2010).
A study of three polymorphic sites of the ADA gene in
children with type 1 diabetes mellitus. Journal of Pediatric
Endocrinology and Metabolism, 23(3), 283-290.

Franken, P., Chollet, D., & Tafti, M. (2001). The homeostatic
regulation of sleep need is under genetic control. Journal of
Neuroscience, 21(8), 2610-2621.

Bottini, E., & Gloria-Bottini, F. (1999). Adenosine
deaminase and body mass index in non—insulin-dependent
diabetes mellitus. Metabolism, 48(8), 949-951.

Jadhav, A. A., & Jain, A. (2012). Elevated adenosine
deaminase activity in overweightand obese Indian subjects.
Archives of physiology and Biochemistry, 118(1), 1-5.

. Retey, J. V., Adam, M., Honegger, E., Khatami, R.,

Luhmann, U. F. O., Jung, H. H., ... & Landolt, H. P. (2005).
A functional genetic variation of adenosine deaminase
affects the duration and intensity of deep sleep in humans.
Proceedings of the National Academy of Sciences, 102(43),
15676-15681.

Mazzotti, D. R., Guindalini, C., de Souza, A. A. L., Sato,
J. R., Santos-Silva, R., Bittencourt, L. R. A., & Tufik, S.
(2012). Adenosine deaminase polymorphism affects sleep
EEG spectral power in a large epidemiological sample.
Bachmann, V., Klaus, F., Bodenmann, S., Schifer, N.,
Brugger, P., Huber, S., ... & Landolt, H. P. (2012). Functional
ADA polymorphism increases sleep depth and reduces
vigilant attention in humans. Cerebral cortex, 22(4), 962-
970.

Kurtul, N., Akarsu, E., & Aktaran, S. (2006). The
relationship between serum total sialic acid levels and
adenosine deaminase activity in obesity. Saudi medical
journal, 27(2), 170.

Ausubel, F. M., Brent, R., Kingston, R. E., Moore, D. D.,
Seidman, J. G., Smith, J. A., & Struhl, K. (1992). Short
protocols in molecular biology. New York, 275, 28764-
28773.

Motta, M., Bennati, E., Cardillo, E., Ferlito, L., Passamonte,
M., Vacante, M., & Malaguarnera, M. (2010). A combination
of glycosylated hemoglobin, impaired fasting glucose and
waist circumference is effective in screening for individuals
at risk for future type 2 diabetes. Archives of gerontology
and geriatrics, 50(1), 105-109.

J Pediatr Neonatal Biol, 2024

Volume 9 | Issue 1|5


https://doi.org/10.1136/jmg.40.12.918
https://doi.org/10.1136/jmg.40.12.918
https://doi.org/10.1136/jmg.40.12.918
https://doi.org/10.1136/jmg.40.12.918
https://doi.org/10.2337/dc10-S062
https://doi.org/10.2337/dc10-S062
https://doi.org/10.2337/dc10-S062
https://doi.org/10.1161/01.CIR.98.14.1472
https://doi.org/10.1161/01.CIR.98.14.1472
https://doi.org/10.1161/01.CIR.98.14.1472
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/d1wqtxts1xzle7.cloudfront.net/47626774/j.archger.2010.06.01720160729-6364-1vxumsq-libre.pdf?1469815778=&response-content-disposition=inline%3B+filename%3DRevision_of_the_ADA_classification_of_di.pdf&Expires=1704529297&Signature=FwBbQkHTzM-anH87XYLrcvPB7NTNf7aGCHoH0rgXbz0ilxTCsdJVY0IiSj0oh2KxE1fCR3O9VgkLb02wQa~jqa~xRM8o7NnQ9H~EJWd7hAFmaTniR8lgs4LdcHDsulBie6oFOORRYOi-JeMliCQnQfnO5ceXi7iULjnkr1A5GMFXBORSyZON9Jiu9~I~Ciqe5GkAwBjL0LGqtfeFyVo~GVsZzAHV-L-2jVJ7Yqwsk0cNC-mWwOOFGxEknrbdZWPC6URJpqaSDduwLFjj6Aov334kIXLMxf5ravvD4GvINAV~B~8P66hLsGsOG5nQ5iKslHp0qT5xg0MF~Mw4Fk3cXA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/d1wqtxts1xzle7.cloudfront.net/47626774/j.archger.2010.06.01720160729-6364-1vxumsq-libre.pdf?1469815778=&response-content-disposition=inline%3B+filename%3DRevision_of_the_ADA_classification_of_di.pdf&Expires=1704529297&Signature=FwBbQkHTzM-anH87XYLrcvPB7NTNf7aGCHoH0rgXbz0ilxTCsdJVY0IiSj0oh2KxE1fCR3O9VgkLb02wQa~jqa~xRM8o7NnQ9H~EJWd7hAFmaTniR8lgs4LdcHDsulBie6oFOORRYOi-JeMliCQnQfnO5ceXi7iULjnkr1A5GMFXBORSyZON9Jiu9~I~Ciqe5GkAwBjL0LGqtfeFyVo~GVsZzAHV-L-2jVJ7Yqwsk0cNC-mWwOOFGxEknrbdZWPC6URJpqaSDduwLFjj6Aov334kIXLMxf5ravvD4GvINAV~B~8P66hLsGsOG5nQ5iKslHp0qT5xg0MF~Mw4Fk3cXA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/d1wqtxts1xzle7.cloudfront.net/47626774/j.archger.2010.06.01720160729-6364-1vxumsq-libre.pdf?1469815778=&response-content-disposition=inline%3B+filename%3DRevision_of_the_ADA_classification_of_di.pdf&Expires=1704529297&Signature=FwBbQkHTzM-anH87XYLrcvPB7NTNf7aGCHoH0rgXbz0ilxTCsdJVY0IiSj0oh2KxE1fCR3O9VgkLb02wQa~jqa~xRM8o7NnQ9H~EJWd7hAFmaTniR8lgs4LdcHDsulBie6oFOORRYOi-JeMliCQnQfnO5ceXi7iULjnkr1A5GMFXBORSyZON9Jiu9~I~Ciqe5GkAwBjL0LGqtfeFyVo~GVsZzAHV-L-2jVJ7Yqwsk0cNC-mWwOOFGxEknrbdZWPC6URJpqaSDduwLFjj6Aov334kIXLMxf5ravvD4GvINAV~B~8P66hLsGsOG5nQ5iKslHp0qT5xg0MF~Mw4Fk3cXA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/d1wqtxts1xzle7.cloudfront.net/47626774/j.archger.2010.06.01720160729-6364-1vxumsq-libre.pdf?1469815778=&response-content-disposition=inline%3B+filename%3DRevision_of_the_ADA_classification_of_di.pdf&Expires=1704529297&Signature=FwBbQkHTzM-anH87XYLrcvPB7NTNf7aGCHoH0rgXbz0ilxTCsdJVY0IiSj0oh2KxE1fCR3O9VgkLb02wQa~jqa~xRM8o7NnQ9H~EJWd7hAFmaTniR8lgs4LdcHDsulBie6oFOORRYOi-JeMliCQnQfnO5ceXi7iULjnkr1A5GMFXBORSyZON9Jiu9~I~Ciqe5GkAwBjL0LGqtfeFyVo~GVsZzAHV-L-2jVJ7Yqwsk0cNC-mWwOOFGxEknrbdZWPC6URJpqaSDduwLFjj6Aov334kIXLMxf5ravvD4GvINAV~B~8P66hLsGsOG5nQ5iKslHp0qT5xg0MF~Mw4Fk3cXA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/d1wqtxts1xzle7.cloudfront.net/47626774/j.archger.2010.06.01720160729-6364-1vxumsq-libre.pdf?1469815778=&response-content-disposition=inline%3B+filename%3DRevision_of_the_ADA_classification_of_di.pdf&Expires=1704529297&Signature=FwBbQkHTzM-anH87XYLrcvPB7NTNf7aGCHoH0rgXbz0ilxTCsdJVY0IiSj0oh2KxE1fCR3O9VgkLb02wQa~jqa~xRM8o7NnQ9H~EJWd7hAFmaTniR8lgs4LdcHDsulBie6oFOORRYOi-JeMliCQnQfnO5ceXi7iULjnkr1A5GMFXBORSyZON9Jiu9~I~Ciqe5GkAwBjL0LGqtfeFyVo~GVsZzAHV-L-2jVJ7Yqwsk0cNC-mWwOOFGxEknrbdZWPC6URJpqaSDduwLFjj6Aov334kIXLMxf5ravvD4GvINAV~B~8P66hLsGsOG5nQ5iKslHp0qT5xg0MF~Mw4Fk3cXA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.2337/dc06-1058
https://doi.org/10.2337/dc06-1058
https://doi.org/10.2337/dc06-1058
https://doi.org/10.7326/0003-4819-139-11-200312020-00013
https://doi.org/10.7326/0003-4819-139-11-200312020-00013
https://doi.org/10.7326/0003-4819-139-11-200312020-00013
https://doi.org/10.7326/0003-4819-139-11-200312020-00013
https://doi.org/10.7326/0003-4819-139-11-200312020-00013
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-4-24
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-4-24
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-4-24
https://www.nature.com/articles/ng.274
https://www.nature.com/articles/ng.274
https://www.nature.com/articles/ng.274
https://www.nature.com/articles/ng.274
https://www.nature.com/articles/ng.274
https://doi.org/10.1016/j.jfca.2004.02.007
https://doi.org/10.1016/j.jfca.2004.02.007
https://doi.org/10.1016/j.jfca.2004.02.007
https://doi.org/10.1016/j.jfca.2004.02.007
https://doi.org/10.1016/S0140-6736(72)92345-8
https://doi.org/10.1016/S0140-6736(72)92345-8
https://doi.org/10.1016/S0140-6736(72)92345-8
https://doi.org/10.1016/S0140-6736(72)92345-8
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM197504032921402
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM197504032921402
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM197504032921402
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM197504032921402
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1887960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1887960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1887960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1887960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1887960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1887960/
https://doi.org/10.1016/S0140-6736(75)91075-2
https://doi.org/10.1016/S0140-6736(75)91075-2
https://doi.org/10.1016/S0140-6736(75)91075-2
https://doi.org/10.1016/S0140-6736(75)91075-2
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
F:\opast pdf\Pooja.P\JPNB\2023\Jan\JPNB-23-39\10.1056\NEJM198008143030706
https://www.jneurosci.org/content/21/8/2610.short
https://www.jneurosci.org/content/21/8/2610.short
https://www.jneurosci.org/content/21/8/2610.short
https://doi.org/10.1016/S0026-0495(99)90187-7
https://doi.org/10.1016/S0026-0495(99)90187-7
https://doi.org/10.1016/S0026-0495(99)90187-7
https://doi.org/10.3109/13813455.2011.603341
https://doi.org/10.3109/13813455.2011.603341
https://doi.org/10.3109/13813455.2011.603341
https://doi.org/10.1073/pnas.0505414102
https://doi.org/10.1073/pnas.0505414102
https://doi.org/10.1073/pnas.0505414102
https://doi.org/10.1073/pnas.0505414102
https://doi.org/10.1073/pnas.0505414102
https://doi.org/10.1073/pnas.0505414102
https://doi.org/10.1371/journal.pone.0044154
https://doi.org/10.1371/journal.pone.0044154
https://doi.org/10.1371/journal.pone.0044154
https://doi.org/10.1371/journal.pone.0044154
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173
https://doi.org/10.1093/cercor/bhr173

25.

26.

27.

28.

Cauchi, S., Choquet, H., Gutiérrez-Aguilar, R., Capel, F.,
Grau, K., Proenca, C., ... & Froguel, P. (2008). Effects
of TCF7L2 polymorphisms on obesity in European
populations. Obesity, 16(2), 476-482.

Lyssenko, V., Jonsson, A., Almgren, P., Pulizzi, N., Isomaa,
B., Tuomi, T, ... & Groop, L. (2008). Clinical risk factors,
DNA variants, and the development of type 2 diabetes. New
England Journal of Medicine, 359(21), 2220-2232.
Ashbaugh, A. G., Ekelem, C., Landaverde, Y., &
Mesinkovska, N. A. (2020). Psoriatic disease in the US
Latino population: a comprehensive review. American
Journal of Clinical Dermatology, 21, 265-274.

Kumar, R., Chhatwal, S., Arora, S., Sharma, S., Singh, J.,
Singh, N., ... & Khurana, A. (2013). Antihyperglycemic,

antihyperlipidemic, anti-inflammatory and adenosine
deaminase—lowering effects of garlic in patients with
type 2 diabetes mellitus with obesity. Diabetes, metabolic
syndrome and obesity: targets and therapy, 49-56.

29. Takhshid, M. A., Zahediannejad, Z., Aboualizadeh, F.,
Moezzi, L., & Ranjbaran, R. (2015). G22A Polymorphism
of adenosine deaminase and its association with biochemical
characteristics of gestational diabetes mellitus in an Iranian
population. Iranian Journal of Medical Sciences, 40(2), 170.

30. Amoli, M. M., Amiri, P., Namakchian, M., Nejad, R. S.,
Fakhrzadeh, H., Heshmat, R., ... & Larijani, B. (2007).
Adenosine deaminase gene polymorphism is associated
with obesity in Iranian population. Obesity Research &
Clinical Practice, 1(3), 173-177.

Copyright: ©2024 Frank Martiniuk, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

J Pediatr Neonatal Biol, 2024

https://opastpublishers.com Volume 9 | Issue 1| 6


https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.1038/oby.2007.77
https://doi.org/10.2147/DMSO.S38888
https://doi.org/10.2147/DMSO.S38888
https://doi.org/10.2147/DMSO.S38888
https://doi.org/10.2147/DMSO.S38888
https://doi.org/10.2147/DMSO.S38888
https://doi.org/10.2147/DMSO.S38888
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359938/

