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Abstract:

Diabetes Mellitus is one of the diseases with many complications which require a novel biomarker for early diagnosis and
treatment. 8-hydroxy deoxyguanine (8-OHdG), DNA damaging oxidative stress biomarker as proven to be a promising
biomarker in type 2 diabetes mellitus (T2DM).

Method: Data extraction was conducted independently using a standardized data extraction form. Only full length text articles
were included in the study. For each included article, we extracted information on the title, authors, publication year, name of the
study, sample size, number of diabetes cases and control study, mean (standard deviation) for the 8-HdG level, assay for
measuring 8-HdG levels, and statistical methods used for the analysis.

Observations and results: Level of serum 8-HdG were highly significantly elevated in patients T2DM compared to healthy
control. (Standard mean deference [SMD]) and (95% Confidence Interval [CI] ) +1051.06 (+996.29 to +1135.83). The result of
each study also showed that serum 8-HdG in T2DM group was higher than that in healthy control subjects. Our meta-analysis
showed that there was highly significant positive association between 8-HdG and DNA damaging oxidative stress risk of T2DM
(t-24.3, df-777: p=0.0000000%***).

Conclusion: 8-HdG used as DNA damaging oxidative stress biomarker of T2DM, helps in early diagnosis, effective therapeutic
strategies and monitoring T2DM.

Key wards:- T2DM-type 2 diabetes mellitus, 8-hydroxy deoxyguanine (8-HdG).
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Introduction:-

Diabetes mellitus is a group of metabolic diseases
characterized by hyperglycemia resulting from
defects in insulin secretion and insulin action or both
1 In type 2 diabetes, the cause is a combination of
resistance to insulin action and an inadequate
compensatory insulin secretory response.

Oxidative stress due to overproduction of reactive
oxygen species (ROS) has important role in
prevention, initiation, and progression of chronic
diseases from early childhood ' . Reactive properties
of ROS cause oxidative damage to lipids,
deoxyribonucleic acid (DNA), and proteins. Recent
evidence suggests that ROS could have a role in the
development of hypertension, dyslipidaemia, diabetes

Bl Oxidative stress

mellitus, and atherosclerosis
status in diabetes could be clearly demonstrated by
the increase of some specific biomarkers such as lipid
hydro peroxides, DNA adducts and protein carbonyls
41

ROS can interact with DNA to produce damage
including single- and double-stranded DNA breaks,
deletions and nucleoside modifications. Among
purine and pyrimidine base, guanine is more
susceptible to oxidation. The hydroxyl radical can
attack to C-8 position guanine and generate an
oxidation product, 8-hydroxy deoxyguanine (8-
OHdG). 8-OHdG, the oxidized form of the
nucleoside 2’-deoxyguanosine present in DNA, is
one of the most reliable and abundant markers of
DNA damage because it reflects generalized cellular
oxidative stress; it may be a risk factor for cancer,
atherosclerosis and DM ),

Currently, the prevalence of type 2 diabetes in the
United States and many other countries in the world

has reached to the level of epidemic proportions '°.

The serum concentration of 8-HgG, could be used to
monitor early changes in the DNA damage.
Epidemiologic studies can provide insight into the
potential importance of these Oxidative stress as
determinants of the incidence of Cardiovascular risk
in type 2 diabetes in human populations. In addition,
these studies can identify biological markers 8-HdG
that may be useful for type 2 diabetes and the
identification of high-risk groups.

In literature search, no meta-analysis was found
evaluating the available evidence for an association
between 8-HdG levels and oxidative stress in type 2
diabetes across different populations. Hence the
current study was planned.

Aim and Objectives:-

1. To evaluate the available evidence for an
association between 8-HdG levels and oxidative
stress in type 2 diabetes across different populations.
2. The objective of our meta-analysis was to assess
the consistency of the association 8-HdG levels and
oxidative stress in type 2 diabetes and to summarize
the results of the meta-analysis.

Methods:-

Search Strategy:-

Medical Literature was searched using MEDLINE
(PubMed), EMBASE, Cochrane databases and
through reference list. The following medical terms
were used: serum 8-HdAG, oxidative stress marker,
cardiovascular disease complications, microvascular
and macrovascular complications and T2DM.To
increase the sensitivity of our search; eligible studies
were cross referenced using the Science Citation
Index (SCI).

We also reviewed recently presented data at national
and international meetings. Additionally, we searched

Internet-based sources of information
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(www.cardiosource.com, www.google.com,
www.clinicaltrialresults.org, www.theheart.org, and
www.tctmd.com).

Eligibility criteria:-

We included prospective studies of Serum: 8-HdG
concentrations in type 2 diabetes and its associated
diseases. We excluded literature reviews, studies on
studies on animals or cell lines, studies of
determinants of 8-HdG levels, studies of genetic
variation in -related: 8-HdG genes, and studies of
type 1 diabetes or gestational diabetes. We also
excluded studies on populations with specific
diseases or using specific medications. We also
excluded studies on urine 8-HdAG levels in T2DM.
Two studies were excluded because data was not
reported separately control (healthy) and diabetes.
We included full research article on 8-HdG levels in
(pg/ml) and type 2 diabetes and two full articles with
different unit 8-HdG levels was converted in to Pg/ml
and T2DM also involved in present meta-analysis
16,17

Data Extraction:-

Data extraction was conducted independently by first
2 authors using a standardized data extraction form.
Only full length text articles were included in the
study. For each included article, we extracted
information on the title, authors, publication year,
name of the study, sample size, number of diabetes
cases and control study, mean (standard deviation)
for the 8-HdG level, assay for measuring levels, and
8-HdG statistical methods used for the analysis.
Statistical analysis:-

In the analysis, 7 selected studies have been
considered on the basis of sample size, methodology,
result obtained and year of publication. The analysis

is done with the help of statistical package SPSS

latest version 24. In the study, the mean §-HdG level
in cases and controls were compared along with the
standard deviation of both. The proportional weight
of each study was given as per the sample size. The
individual independent sample “t” test was applied to
each study and 95% confidence intervals are drawn.
The aggregate estimate of cases and control means
and standard deviation was calculated by weighted
average method, where weight for each was given as
per the sample size of each study. The difference in
the estimate is calculated as SMD for each study
along with their 95% confidence interval for the
same. Combined estimation of all 7 studies is also
calculated. Individual linear graph for each study (Fig
2 & Table 2) are prepared with mean and confidence
intervals. Forest plot (Fig 3 & Table 3) reflects SMD
and 95% CI for individual studies as well as
combined estimate.

Result:-

Literature search

Literature search using the above mentioned search
criteria identified 102 articles in the three databases;
PubMed, EMBASE & Cochrane. Two additional
articles were identified by manually searching the
reference lists and forward citations of included
papers. 60 articles were discarded due to duplication.
Out of the remaining 44, which were screened, 5
studies were excluded as full text articles were not
available. 39 full text articles were assessed for
eligibility. Out of these, 26 full articles excluded (17
Paper are not relevant, and 8 papers are reviews, one
papers on prediabetes'’! and one study where 8-HdG
mean and SD values was not mentioned in this

study[8].
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Five studies on urinary 8-HdG levels in T2DM ©3!, description of the included 8-HdG level as per above
This strategy is summarized in Figure 1 and a criteria.
Figer-1
Figer-1
106 Records identified 4 additional records
through database identified through other
searching (pubmed: 50, source.

PubMed, Embase: 27,

v v

110 Total records
I

> 61 Duplicates

v
49 records ———> 9 Record excluded (these papers
¥ 27 full articles excluded, 16 Paper

40 full text articles assessed for |~ are not relevant, and 9 papers are
T reviews, 2 papers on type 1 diabetes

\"
13 studies included in quantitative -
v 3 papers with no control group
9 studies 1 paper used different unit for data
included in estimation

Table-1 .shows the characteristics of the 7 identified studies of 8-HdG levels in type 2 diabetes.[14-20] Study
participants were from the general population and8-HdGserum level expresses in pm/ml in both cases and control

groups. The majority of the studies were published between 2010 to 2016
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Table-1 Description of Included studies

Control No. Type 2 diabetes No.
Author Year control cases Method Unit
Mean SD Sample Mean SD Sample
1.Hayder A.
" 2010 | 177.8 | 91.1 98 1926.6 1177 | 35 ELISA Pg/ml
Aubaidy "
2. Hayder A.
s 2011 | 2104 166 119 1979.6 1209 | 35 ELISA Pg/ml
Aubaidy !
3.0mur Tabak
(6] 2011 | 1800 540 19 2240 970 69 ELISA Pg/ml
4.Jion Sun " 2015 | 240 140 | 65 720 410 28 ELISA | Pg/ml
5.Hyder A
s 2011 | 2409 103 9 600.4 2144 | 72 ELISA Pg/ml
Aubaidy !"¥!
6.Mohammed
0 2016 | 110.2 | 31.46 | 80 178.35 26.23 | 50 ELISA Pg/ml
H.Mukhtar "
7.Wesam
o1 | 2016 | 84.87 16.17 | 50 159.38 15.40 | 50 ELISA Pg/ml
Ahmed Nasif

Together 9 studies reported 440 controls and 339 cases of type 2 diabetes. Each study showed significant higher

levels of serum 8-HdG in cases as compared to controls. Independent sample t test was applied to each study and t

value has been calculated along with degree of freedom (df.) and p value.

Data of all the studies was combined by using weighted average method where weight is decided as per individual

study sample size. Independent sample t test was applied to the pooled data, which was highly statistically
significant (t = 24.3, df = 777 and p= 0.0000000....). (Table 2 & Fig 2). Standardized mean difference for individual

studies and for aggregate were estimated with 95% confidence interval (CI). This strongly supports our conclusion.

(Table 3 & Fig 3)
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Table-2 Application of independent sample t test to individual studies with aggregate estimate by weighted average

method.
Sr.No. | Author/ Year “t” Cal. | Degree of freedom (df) | Level of significance
1 Hayder A. Aubaidy 2010"% 8.76 131 p<0.0000
2 Hayder A. Aubaidy 2011 ™! 8.61 152 p<0.0000
3 Omur Tabak 2011 1.89 86 p<0.06
4 Jion Sun 20157 6.03 91 p<0.0000
5 Hyder A Aubaidy2011 ™ 8.54 79 p<0.0000
6 Mohammed H. Mukhtar 2016 ™' | 13.34 128 p<0.00000
7 Wesam Ahmed Nasif 2016 ™ | 23.58 98 p<0.00000
Pooled Estimate 24.3 777 P=0.0000000....

Figure 2- Linear graphs of 95% confidence intervals of 8-HdG levels of cases of T2DM and comparable healthy controls
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Forest plot for 8-HdG shows a significantly increased 8-HdG level in T2DM cases compared to controls,
The overall standard mean deference (SMD) and (95% CI) was1051.06 (+996.29 to +1135.83) respectively, (p=0.0000000).
(Fig 3 & Table 3)
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Figer-3 Forest plot showing the levels of 8-HdG in T2DM and healthy control individuals and combined study.
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(SMD): +1051.06 [95% CI (+996.29 to +1135.83)] (p=0.0000000).
Table-3 Levels of 8HAG in T2DM cases and healthy control individuals and combined estimate.

Sr.No. | Study SMD (95% CI) Weight %
1 Hayder A. Aubaidy 2010 +1748.5 (+1355.49 to +2142.11) | 17.07

2 Hayder A. Aubaidy 2011 ' +1769.2 (+1364.58 to +2173.82) | 19.77

3 Omur Tabak 2011 ' +440 (-22.6 to +902.6) 11.30

4 Jion Sun 2015 " +480 (+321.58 to+ 821.74) 11.94

5 Hyder A Aubaidy 2011 '"*! +359.5 (+275.68 to+ 443.32) 10.40

6 Mohammed H. Mukhtar 2016 "™ | + 68.15 (+58.03 t0+78.22) 16.69

7 Wesam Ahmed Nasif 2016 ™ | +74.51 (+68.25 to+ 80.77) 12.83

8 Combined Estimate +1051.06 (+996.29 to +1135.83) | 100.00
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Discussion:-

To our knowledge, studies where the meta-analysis is
done to assess the association between 8-HdG and
T2DM are not commonly seen. In our meta-analysis
the result showed that 8-HdG in the T2DM group
was higher than that in healthy controls. (t=24.03,
df=777 p=0.0000000 ....) This also shows
extremely significant positive relationship between
8-HdG and risk of T2DM.

In the given seven studies there is a highly significant
difference in average values of 8-HdG in cases and
controls so combined estimate is extremely
significant. However in study Omur Tabak 2011 et
al considering pooled variance the difference is not
significant ( tcal =1.89 and p=0.06. not significant
SMD +440, 95% CI (-22.6 to +902.6), however
considering individual variance the difference is
significant. Cases [2240 (95 % CI 2005.38 to
2474.62) and controls (1800 95% CI 1539.91 to
2060.09) that significant.

Reactive oxygen species (ROS), which is formed by
hyperglycaemia, can damage nucleic acids, lipids,
and proteins with parallel changes in the
biochemically make-up of blood constituents.
Increased levels of biomarkers or risk factors
associated with oxidative damage to lipids, proteins
and DNA have been detected in serum of diabetic
patients and their presence is correlated with the
development of diabetes complications including
atherosclerosis '* 2”7

This is first meta-analysis to our best knowledge
showing that serum 8-HdG is higher in T2DM than
controls. In recent years, study indicates a rise in 8-
OHAJG levels from control to prediabetes and diabetes

stage. 8-OHdG is an expression of DNA damage in

endothelial tissue and oxidative stress ‘). Animal
study has indicated that serum and urinary 8-HdG as
oxidative stress marker in T2DM, resulting suggested
that 8-HdG in urine and serum may be good
biomarker ! Kakimota et al first time demonstrated
that oxidative mtDNA damage and subsequent
mtDNA deletion may be accumulated in Kidney of
diabetic rats ). He et al showed study on Human
also indicated that 8-HdG in urine and serum may
oxidative trees biomarker for T2DM ®.

Elevated blood glucose levels are clearly responsible
for microvascular complications of diabetes and the
pathogenesis of  atherosclerotic  macrovascular
disease. Hyperglycaemia leads to the formation of
reactive oxygen species. These superoxide anions
cause DNA strand breakage with an increase in 8-
OHdG Sand destruction of endothelial function
resulting in atherosclerosis ''*!. Clinical relevance of
elevated 8-OHdG levels are supported by previous
studies with increases in 8-OHdG noted in skeletal
muscle, monocular cells and from patient with type
2 diabetes in accordance with disease progression and
DNA damaging leukocytes of type 2 diabetic
patients compared to control subjects "'****!,
Inclusion and exclusion criteria were strictly adhered
to. 8-HdG between the T2DM and non-diabetes
mellitus group were compared. Significant positive
association between and 8-HdG T2DM was
observed.

Limitations: Very few studies fulfilling all the
eligibility criteria were identified. Only single
variable like serum 8-HdG was involved in the
analysis. Urine 8-HdG study excluded. Due to non-
availability of the suitable data we could not estimate

Odd’s Ratio/ Risk Ratio.
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Conclusion:- to established risk factors using statistical techniques
The current study shows that increased8-HdG is the appropriate for prognostic analysis. It helps for early
predictive bio-marker of the DNA damage an diagnosis and effective therapeutic strategies as well
oxidative stress biomarker for T2DM. Further 8-HdG as monitoring for T2DM.

is useful for prediction of type 2 diabetes in addition

References:-

[1] American Diabetes Association Diagnosis and Classification of Diabetes Mellitus. Diabetes Care, 2013; 35, S64-
S71.

[2] Krauss, R.M. Lipids and Lipoproteins in Patients with Type 2 Diabetes. American Diabetes Association.
Diabetes Care. 2004; 27: 1496-1504.

[3] Jang-Young. K., Jun-Won. L., Youn Min-Soo, A. and Sung-Gyun, A. Urinary Levels of 8-Iso-Prostaglandin F2a
and Hydroxyl Deoxyguanosine as Markers of Oxidative Stress in Patients with Coronary Artery Disease. Korean
Circulation Journal. 2012; 42, 614-617.

[4] Porasuphatana. S., Suddee. S., Nartnampong, A., Konsil. J., Harnwong, B. and Santaweesuk., A. Glycemic and
Oxidative Status of Patients with Type 2 Diabetes Mellitus Following Oral Administration of Alpha-Lipoic Acid: A
Randomized Double-Blinded Placebo-Controlled Study. Asia Pacific Journal of Clinical Nutritio. 2012; 21, 12-21.
[5] Evans, M.D., Dizdaroglu, M. and Cooke, M.S. Oxidative DNA Damage and Disease: Induction, Repair and
Significance. Mutation Research /Reviews in Mutation Research. 2004; 567,1-61.

[6] Zimmet P, Alberti KG, Shaw J. Global and societal implications of the diabetes epidemic. Nature. 2001;
414(6865):782-787.

[71 L. Maschirow A , K. Khalaf B , Al-Aubaidy HA , Jelinekd HF. Inflammation, coagulation, endothelial
dysfunction and oxidative stress in prediabetes Biomarkers as a possible tool for early disease detection for rural
screening. Clinical Biochemistry.2015; 48:581-585

[8] Fang-Fang He, Hui-Qing Li, Qing-Xian Huang, Qiu-Yuan Wang, Hua-Jun Jiang, Shan Chen, et al Tumour
necrosis factor-Alpha and8-Hydroxy-2'-Deoxyguanosine are associated with elevated Urinary Angiopoietin-2 level
in Type 2 diabetic patients with albuminuria. Kidney Blood Press Res 2015; 40:355-365

[9] Dong Q.Y, Cui, Y, Chen L, Song J, Sun L. Urinary 8-hydroxydeoxyguanosine levels in diabetic retinopathy
patients, European Journal of Ophthalmology. 2008; 18(1): 94-98.

[10] Hinokio Y, Suzuki S, Hirai M, Chiba M, Hirai A, Toyota T. Oxidative DNA damage in diabetes mellitus: its
association with diabetic complications. Diabetologia 1999; 42: 995-998.

[11] Nishikawa T, Sasahara T, Kiritoshi S, Sonoda K, Senokuchi T, Matsuo T, et al. Evaluation of Urinary 8 —
Hydroxydeoxyguanosine as a novel biomarker of macrovascular complications in Type 2 diabetes. Diabetes Care
2003; 26(5):1507-1512.

[12] Leinonen J, Lehtimiki T, Toyokuni S, Okada K, Tanaka T, Hiai H, et al. New biomarker evidence of
oxidative DNA damage in patients with non-insulin-dependent diabetes mellitus. FEBS Letters 417. 1997; 150-152.

26
www.ijbamr.com P ISSN: 2250-284X , E ISSN : 2250-2858



Indian Journal of Basic and Applied Medical Research; March 2018: Vol.-7, Issue- 2, P. 17-27

[13] Ogawa S, Kobori H, Ohashi N, Urushihara M, Nishiyama A, Mori T, et al. Angiotensin II type 1 receptor
blockers reduce urinary angiotensinogen excretion and the levels of urinary markers of oxidative stress and
inflammation in patients with type 2 diabetic nephropathy. Biomarker Insights 2009;4: 97-102.

[14] Al-Aubaidy H, Jelinek HF. 8- Hydroxy -2 deoxy — guanosine identifies oxidative DNA damage in a rural
prediabetes cohort. Redox report 2010;15(3):1-7.

[15] Al-Aubaidy HA, Jelinek HF. Oxidative DNA damage and obesity in type 2 diabetes mellitus. Eur J Endocrinol
2011;164:899-904.

[16] ] Tabak O, Gelisgen R, Erman H, Erdenen F, Muderrisoglu C, Aral H, Uzun H. Oxidative lipid, protein, and
DNA damage as oxidative stress markers in vascular complications of diabetes mellitus. Clin Invest Med 2011; 34
(3): E163-E171.

[17] SunJ, Lou X, Wang H, Sollazzo A, Harms-Ringdahl M, Skog S et al Serum 8-hydroxy-2'-deoxyguanosine (8-
0x0-dG) levels are elevated in diabetes patients. International Journal of Diabetes in Developing Countries
2015;35(3):368-373.

[18] Al-Aubaidy HA, Jelinek HF. Oxidative DNA damage: antioxidant response in postprandial hyperglycaemia in
type 2 diabetes mellitus. Br J Diabetes Vasc Dis 2011; 11:87-91.

[19] Mukhtar MH, El-Emshaty HM, Alamodi HS, Nasif WA, The activity of serum 8-Iso-Prostaglandin F2a as
oxidative stress Marker in patients with diabetes mellitus type 2 and associated dyslipidaemia hyperglycemia
Journal of Diabetes Mellitus 2016;6:318-332.

[20] Nasif WA, Mukhtar MH, Eldein MMN, Ashgar SS. Oxidative DNA damage and oxidized low density
lipoprotein in Type II diabetes mellitus among patients with Helicobacter pylori infection .Diabetol Metab Syndr
2016; 8:34.

[21] Nwose E, Jelinek H, Richards R, Kerr P. Erythrocyte oxidative stress in clinical management of diabetes and its
cardiovascular complications. Br J Biomed Sci 2007; 64: 35-43.

[22] Li YS, Song NF, 2, Kasai H and Kawai K. 8-Hydroxyguanine in Urine and Serum as an Oxidative Stress
Marker: Effects of Diabetes and Aging J UOEH 2013;35(2): 119—127.

[23]Kakimoto M, Inoguchi T, Sonta T, Yu HY, Imamura M, Etoh T, et al. Accumulation of 8-Hydroxy-2-
Deoxyguanosine and Mitochondrial DNA Deletion in Kidney of Diabetic Rats. DIABETES 2002; 51: 1588-1595.
[24] Suzuki S, Hinokio Y, Komatu K, Ohtomo M, Onoda M, Hirai S, Hirai M, Hirai A, Chiba M, Kasuga S, Akai H,
Toyota T: Oxidative damage to mitochondrial DNA and its relationship to diabetic complications. Diabetes Res Clin
Pract 1999;45:161-168.

[25] Ye X, Jiang R, Zhang Q, Wang R, Yang C, Ma J, Du H. Increased 8-hydroxy-2’-deoxyguanosine in leukocyte
DNA from patients with type 2 diabetes and microangiopathy. Journal of International Medical Research

2016;44(3);472-482.

27
www.ijbamr.com P ISSN: 2250-284X , E ISSN : 2250-2858



