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Indications of cell maturing including telomere length and 

mitochondrial work, just as oxidative pressure and incendiary 

markers affect one another and structure a complicated 

organization, which all influenced in age related sicknesses, for 

example, diabetes mellitus. For this cause, this current 

investigation was designed to study and compare of some oxidative 

and molecular markers in healthy aged and diabetic aged men 

older adults. The study design was the setting of a medium private 

laboratory with participants being common people, which was 

classified into three groups according to age and health 

complication, control young, healthy aged, and diabetic aged 

groups. Blood sera was obtained for oxidative status including 

catalase (CAT), superoxide dismutase (SOD), Total antioxidant 

capacity (T-AOC), 8-hydroxy-2'-deoxyguanosine (8-OHdG), and 

malondialdehyde (MDA)) and molecular markers (including 

telomere length (T/S) and mitochondrial DNA copy number 

(mtDNA)). The findings highlighted that oxidative and molecular 

markers have significant changes with ageing and high changes 

significantly associated with diabetes mellitus of aged group. In 

conclusion, various oxidative stress, cell and mitochondrial 

biomarkers have been affected by normal ageing and the effects 

of ageing were complicated significantly in diabetic aged elderly. 
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1. INTRODUCTION 

 

More recently, aging is described as decreasing and deteriorating functional characteristics at 

the stage of cells, tissues and organs [1]. Some consider aging to be continuous development, 

which includes embryonic development, maturation, adult period of activity, and aging; 

although this is controversial [2]. 

In the previous two decades, the importance of chronological and biological aging has acquired 

significant recognition. A complicated feature of wide science concern is also the biological 

foundation of aging, particularly due to its inherent link with prevalent human illnesses [3]. In 

comparison, chronological age is the quantity of years an individual has been alive, while 

biological age refers to the age of a person who appears. Biological age, also known as 

physiological age, requires consideration of many way of life parameters, including exercise, 

sleep practices and diet [4]. 

Since aging requires an uncertain relationship at the level of cells, tissues, organs, and processes, 

it is difficult to have an evidently specific biomarker for age- related illnesses. That is why it is 

frequently believed that there is no best quality standard instrument for measuring high aging. 

This is why a large group of biomarkers is used to examine the aging process. The plausibility 

of complementing biomarkers used to assess physiological ability with molecular-based 

markers has increased the range of predictions for safe aging [5-7]. 

Growing old is the important danger factor for cardiovascular diseases, reactive oxygen species, 

and oxidative stress have long been related to ageing, and elderly sicknesses inclusive of 

diabetes [8]. 

To explain the maturing system, various speculations have been executed. One theory is that 

the strange collection of natural waste product inside the life form is responsible for the 

senescence of organs or tissues [9]. The hypothesis of glycation shows that glucose fills in as a 

maturing middle person. Glycation is a programmed non-enzymatic reaction to the decrease of 

free sugar with free amino gatherings of proteins, DNA and lipids that make up the results of 

Amadori. Amadori items go through various irreversible drying out and adjustment responses, 

bringing about cutting edge glycation final results [9]. Such effects can be practically identical 

to high groupings of glucose and more limited life expectancies in individuals with Alzheimer's 

sickness and diabetes [10]. 

The course of glycation brings about a diminishing of protein work and harmed tissue 

adaptability, for example, veins, skin and ligaments [11, 12]. In the presence of hyperglycemia 

and tissue oxidative pressure, the glycation reaction is amazingly improved [13]. This involves 

it in the pathogenesis and aging of diabetic complications [14]. In view that there aren't any 

enzymes to separate glycated merchandise from the human frame, the approach of glycation is 

in keeping with the hypothesis that metabolic waste accumulation promotes aging [9]. 

The principle point this research a bunch of binding together signs of Glycation and free radical 

hypothesis of aging that has been characterized giving a framework to knowing the course of 

mitochondrial aging and oxidative in typical aging and diabetic aging at more established 

grown-ups work through check some atomic and oxidant status. 

 

2. METHODS AND MATERIALS 

 

Experimental design 

The experiment design is that of a cohort study within the setting of a medium private laboratory 

with sixty participants being common male people were equally classified into three groups 

according to age and healthy status of participants: A) control young group (20-40 years old)  

(n=20); B) healthy aged group (60-80 years old)  (n=20) and C) diabetic aged group (60-80 

years old)  (n=20). All  samples  were  obtained  from  Sulaimani  Nursing  House  and  New  

Medical  Center  (Private  Laboratory)  from  December-2016 to April-2017.  

Data collection 

Reagents and equipment were purchased from Roche (Germany). Fasting blood samples (10 

ml) were obtained of all participants divided in to two parts, 5 ml of blood were gathered for 



52 

 

evaluation of molecular markers (mtDNA and T/S), and HbA1c in container tubes with EDTA 

as an anticoagulant at a concentration of 50 microns. 5 ml into vacuum tubes (non-heparinized) 

for the assay of serum. The serum was separated by centrifugation (15,000×g for 10 min), kept 

at –80 °C and assessed by Human ELISAs kit, as recommended by the manufacturer. 

The serum concentration of each CAT, SOD, TAOC, 8-OHDG and MDA.were estimated using 

the ELISA Kit (Elabscience Biotechnology Inc.) they reagent with BioTek ELx800 UV (BioTek 

Instrument, Inc./USA) ELISA microplate reader. 

Mitochondrial biomarkers (mtDNA) assay 

Isolation of DNA 

The DNA extraction procedure for the 50 blood samples was performed as follows. The 

conventional phenol-chloroform technique has been implemented with certain changes 

particular to the laboratory standard operating procedure. 

1. 1 ml of each blood sample was transferred to a 15ml polypropylene tube. 

2. 7ml distilled water was added to samples, then the mixture was shaken vigorously for 

10 minutes. 

3. This was followed by centrifugation of the mixture at 3000rpm for 10 minutes. 

4. The supernatant was discarded and another 7ml distilled water was added to the pellet. 

5. Steps 1 to 4 were repeated 3 times to achieve a clean and colorless supernatant. 

6. The supernatant was discarded and 300ul lysis buffer plus 50ul proteinase K was added 

to the pellet, followed by incubation of the mixture at 37°C overnight. 

7. 300ul of phenol was added to the mixture. 

8. The new mixture was inverted several times then transferred to a 1.5ml polypropylene 

tube, followed by centrifugation of the mixture at 14000g at 4°C for 13 minutes. 

9. The upper phase was transferred to a new tube. 

10. 300ul chloroform was added. 

11. The mixture was inverted several times then centrifuged at 12000g at 4°C for 11 

minutes. 

12. The upper phase was transferred to a new tube. 

13. 300ul of isopropanol was added to the mixture. 

14. 40ul sodium acetate was added to the mixture. 

15. The mixture was inverted several times and then incubated at -20°C, followed by 

centrifugation of the mixture at 12000g at 4°C for 10 minutes. 

16. The supernatant was discarded. 

17. 500ul of ethanol 70% was added to the DNA pellet. 

18. The mixture was inverted several times and then centrifuged at 14000g at 4°C for 6 

minutes. 

19. Step 17 was repeated for a second time to achieve cleaner or pure DNA. 

20. The supernatant was discarded and let the pellet to dry at room temperature for 7 

minutes. 

21. 40ul double-distilled water was added to the pellet. 

22. The mixture was incubated at room temperature to achieve full resolution of the pellet. 

23. UV-visible spectrophotometry was applied for the quantification of the DNA samples. 

24. Finally, DNA samples were stored at -20°C for further analysis by real-time PCR. 

 

Designing oligo primers specific to mitochondrial 16srRNA and β2 microglobulin genes 

In order to quantify mitochondrial counts in samples, mitochondrial 16srRNA genes have been 

chosen to be amplified by real-time PCR. Also, the nuclear β2 microglobulin gene was chosen 

as a single copy normalizer gene. Primers have been built using the Gene Runner software. The 

sequence for forward and reverse primers for the genes referred to above is shown in Table 1. 
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Table 1: Primers used for mitochondrial 16srRNA and β2 microglobulin genes qPCR 

 

qPCR setup 

For each sample, the qPCR experiment was performed in duplicates using RealQ Plus 2X 

Master Mix Green on the AB StepOne Plus real-time PCR instrument. The general procedure 

was enacted by Venegas and Halberg [15].  

qPCR data analysis 

After the acquisition of Ct values for mt16srRNA and β2 microglobulin genes from real-time 

PCR, information was evaluated using the following formula [16, 17]. 

 
Relative mitochondrial DNA content = 2 × 2ΔCT 

Patient control mitochondrial count = mtDNA patients / mtDNA controls 

Telomere length T/S by using real-time PCR 

After extracted the DNA, Designing oligo primers specific to telomeres 16srRNA and β2 

microglobulin genes. Telomeric hexamer repeats were targeted in order to quantify the length 

of telomeres in the samples. The longer the telomere length, the more binding sites available for 

such primers. As a result, no particular amplicon size is expected. Beta globin was chosen as a 

single copy normalizer gene. Primers have been accepted from Cawthon, 2009 [18]. The 

sequence of forwarding and reverse primers for the genes referred to above are presented in 

table 2. 
Table 2: Primers used for telomeres 16srRNA and β2 microglobulin genes qPCR. 

 
Gene 

 
Primer 

 
Sequence(5’ to 3’) Amplicon  

size (bp) 

Annealin g 
(°C) 

 

T
e

lo
m

e
re

 TelG 

ACACTAACGTTTGGGTTTGGGTTTGGGT 

TTGGGTTAGTGT 

  

 - 62 
 TGTTAGGTATCCCTATCCCTATCCCTATC 

CCTATCCCTAACA TelC   

 

B
e
ta

 g
lo

b
in

 

Hbgu 

CGGCGGCGGGCGGCGCGGGCTGGGCGG 

CTTCATCCACGTTCACCTTG 

  

 106 84 
 GCCCGGCCCGCCGCGCCCGTCCCGCCGG 

AGGAGAAGTCTGCCGTT Hbgd   

qPCR setup 

qPCR experiment was performed for each sample in duplicates using RealQ Plus 2X Master 

Mix Green on an AB StepOne Plus real-time PCR instrument. The general procedure was 

adopted from Cawthon, 2009 [18]. 

 

 
Gene 

 
Primer 

 
Sequence(5’ to 3’) 

Amplicon  
size (bp) 

Annealin g 
(60°C) 

mt16srRN A Forward TATCATTTTCGGGGGAAGG 104 60 

Reverse CGTAGTAATCCAGGTCGG   

 

Forward 

TGCTGTCTCCCTGTTTGATGTATCT 

86 60 

gb2m    

 Reverse TCTCTGCTCCCCACCTCTAAGT   
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qPCR data analysis 

After the acquisition of Ct values for telomere length and single-copy gene from real-time PCR, 

data were analyzed using the following formula [18]. 
T/S ratio = 2-ΔCT 

T/S ration among samples= (T/S) cases/ (T/S) controls 

 

Statistical Analysis  

SPSS 22 software was used to analysis the results. ANOVA test was used to differentiation 

between groups. The outcomes had been expressed because the mean ± standard deviation (SD). 

Differences with values of p<0.05 had been considered statistically significant. 

 

 

3. RESULTS 

 

Glucose  and  HbA1c  levels  in  male aged  groups 

The Glucose level increased significantly in the diabetic aged group (127.8±6.84 mg/dl) in 

comparison to its level in control group (99.08±9.31 mg/dl) and healthy aged group (102.6 ± 

8.36 mg/dl).  

The high HbA1c level (6.419% ± 0.12) was found in the diabetic patient group, while HbA1c 

level in healthy aged groups were close to control group (table 3). 

  
Table 3: Glucose and HbA1c levels in men aged groups. 

            Groups 
 
Parameters 

Control young 
 
A 

Healthy Aged 
 
B 

Diabetes 
 
C 

P-value 

A vs B A  vs C B vs C 

Glucose (mg/dl) 99.08 ± 9.31 102.6 ± 8.36 127.8 ± 6.84 0.170 0.0001 0.0001 

HbA1c (%) 5.304 ± 0.19 5.515 ± 0.19 6.419 ± 0.12 0.410 0.0001 0.0001 

 
Oxidative  stress  markers  in male aged  group. 

Table 4 showed that the level CAT in diabetic aged group is strongly significant decrease 

(P=0.0001) and decreased significantly with aging.  Regarding the SOD, the result showed that 

the control aged group had the highest value (4.022±1.12 U/mL) in contrast the lowest level 

was found in diabetic aged group when compared to healthy aged and control groups. 

TAOC results in this study revealed a maximum level (1.421±0.76 mmol/L) in the control 

young group (20-40) and non-significantly decreased with aging. Its level increased 

significantly in the diabetic aged group (1.090 ± 0.09 mmol/L) in comparison to its level in 

healthy aged group (1.357 ± 0.13 mmol/L).  

The result in the table 4 showed that the highest level of 8-OHDG and MDA were found in the 

diabetic groups  

 
Table 4: Oxidative stress markers in men aged group. 

            Groups 
 
Parameters 

Control young 
 
A 

Healthy Aged 
 
B 

Diabetic aged 
 
C 

P-value 

A vs B A vs C B vs C 

CAT (pg/mL) 135.3 ± 20.4 120.1 ± 14.63 106.1 ± 13.6 0.0001 0.0001 0.000 

SOD (U/mL) 4.022 ± 1.12 3.595 ± 0.14 3.184 ± 0.16 0.0001 0.0001 0.727 

TAOC (mmol/L) 1.421 ± 0.76 1.357 ± 0.13 1.090 ± 0.09 0.0001 0.0001 0.761 

8-OHDG (ng/mL) 0.418 ± 0.12 1.119 ± 0.18 1.691 ± 0.12 0.0001 0.0001 0.000 

MDA (µmol/L) 0.582 ± 0.10 0.611 ± 0.01 0.710 ± 0.09 0.0001 0.0001 0.000 
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Mitochondrial genetic markers in male aged group. 

Regarding the mtDNA in the current study, results showed a marked reduction in diabetic 

patients aged groups, and healthy aged groups that moderately decreased in comparison to the 

control group (145.50±20.97). as seen in table 5. 

In the table 5, the highest rate of T/S was found in the control group (701.0±23.72) in contrast 

to the healthy aged which showed a reduction in T/S (604.9±12.24), followed by renal disease 

group (570.5±22.87) and Parkinson's disease groups (522.9±12.40), they are its level 

moderately decreased, while there was the highest reduction in the level of the T/S (517.6±17.04 

and 490.6±19.62) more found in diabetic patient and CVD groups consecutively. Statistically, 

all results showed a highly significant difference between each group (P=0.0001). 
Table 5: Mitochondrial  genetic  markers in men aged group 

            Groups 
 
Parameters 

Control young 
 
A 

Healthy Aged 
 
B 

Diabetic aged 
 
C 

P-value 

A vs B A vs C B vs C 

mtDNA 145.50 ± 20.97 127.5 ± 10.44 108.5 ± 9.96 0.0001 0.0001 0.0001 

T/S 701.0 ± 23.72 604.9 ± 12.24 517.6 ± 17.04 0.0001 0.0001 0.0001 

 

 

 

4. DISCUSSION 

 

Glucose  and  HbA1c  levels   

The result of the current study revealed an increase in the level of the glucose by age advancing. 

A previous study proved that blood glucose level tends to increase with age [19], Also in line 

with the research carried out in the USA in a community aged 65 years or older after testing, it 

accounted for more than 37% of the rise in glucose levels and was at danger of rising diabetes 

[20]. 

The present results revealed that glucose level increased in the aged diabetic patient. A previous 

study reported that elevated blood glucose can also be an indicator of metabolic syndrome [21]. 

Fasting of blood glucose is recommended as a proxy for the accumulation of risk factors, 

including obesity, hypertension and blood pressure associated with cardiovascular disease [22]. 

HbA1c concentration rises steadily until the age of 79 years [23]. Previous studies reported that 

sensitivity and specificity of HbA1c have been reported to be elevated in the older population 

(mean age of more than 69 years) and this study insists that elevated levels of HbA1c have been 

found in both sexes in (65-85) age groups [24, 25]. A previous  study found that HbA1c 

sensitivity and specificity were improved in subjects with a median age of 49.9 years [26]. 

The current study showed that the high rate of HbA1c was found in the diabetic patient aged 

group, and a previous study reported that higher HbA1c levels could be a predictor of cognitive 

decline in people with diabetes [27]. This might not be irrelevant to the fact that HbA1c plays a 

substantial role in the regulation of glucose homeostasis and a stronger predictor for diabetes in 

general. 

Oxidative  stress  markers 

In this study, significant decrease was seen in the CAT levels in advanced aged groups and its 

level declined with aging. Previous reports found that the level of activity for CAT decreased 

with aging [28, 29]. Decreasing CAT level has been displayed to boost oxidative DNA and 

protein modification and hoist the improvement of a few diseases [30]. Also the lowest level of 

CAT was found in the diabetic aged group in comparison to the healthy aged group and a 

previous study measured CAT levels in the blood of the control group as for matters with 

cardiovascular and osteoarticular pathologies such as myoma, also risen CAT levels in 

hyperglycemia patients because hyperglycemia doubled the development of hydrogen peroxide 

and controlled CAT gene expression [31]. 
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It is previously reported that the decrease in the level of SOD with aging [32, 33], decrease in 

SOD activities with age may further accelerate the aging process. The role of SODs in signalling 

pathways that modulate aging is increasingly understood. SOD genes are necessary for normal 

oxidative stress resistance and life span and have been targets for the development of aging 

mechanisms [34]. Herbal dietary merchandise with antioxidant interest have acquired special 

interest in latest a long time because of their function inside the regulation of oxidative stress 

correlated with brain getting older and persistent situations [35]. 

The T-AOC level in this study showed a significant decrease with aging. The previous study 

showed that the activity of T- AOC is significantly lower in the elderly age group than the 

middle-aged group [36], which is reported that T-AOC is a possible new strategy in explaining 

the mechanism of biological aging and an innovative goal for human therapeutic intervention. 

Also the previous research shows a decrease in total antioxidant ability with ageing and suggests 

that this decrease could be correlated with free radical damage mechanisms to lipids, proteins 

and DNA throughout ageing [37]. The total antioxidant activity provides an illustration of all 

potential oxidants in a cell. Some reactive species have oxidative powers and various natural 

defences address the correct process of cytoplasmic oxidation antioxidant properties. The effect 

of antioxidants cannot be overemphasized as the production of free radicals facilitates the aging 

process [38]. Also these results are supported by previous study, the negative association 

between the total antioxidant potential and the oxidative stress level is triggered by certain 

pathophysiological modifications that represent cardiovascular disease, metabolic dysfunction, 

tissue damage, DNA and/or other macromolecules in the body  [39]. Oxidative strain assumes 

a critical part inside the advancement old enough related illnesses like atherosclerosis and sort 

2 diabetes mellitus [40].  

8-OHdG elevated in normal aging and this result is consistence with the previous studies [41, 

42]. The previous study proved that DNA harm has a tendency to boom with age, as repair 

features become much less efficient [43]. Similar reports have suggested that DNA damage by 

oxidative stress was a causal factor for aging [44]. 8-OHdG is a result of oxidative DNA harm 

and is a touchy marker of raised oxidative pressure [45]. The height of 8-OHdG mirrored the 

development of DNA harm with getting more established. The measure of eight-hydroxy-

2'deoxy-guanosine (8-OHdG) in DNA outstandingly increased with age [46]. The expanded 8-

OHdG level has been distinguished as a marker in the pathogenesis of some degenerative 

sicknesses, atherosclerosis and diabetes [47, 48]. Aging is trailed by the amassing of 8-OHdG 

in atomic DNA in different tissues. An age-related amassing of DNA harm may assume a part 

in the expanded rate of disease among matured individuals and creatures [49]. Likewise, an 

expansion in DNA harm can cause the combination of a repercussion of wrong proteins and 

subsequently weaken cell trademark [50].  

The MDA level was increased by aging. In line with current findings, it has been shown that 

aging and stress increase the free radical production and development of ROS, thereby 

increasing lipid peroxidation and, consequently, MDA levels in blood and tissues during the 

aging process [51]. It is previously reported that damaging of peroxidants increased with aging 

process due to increased MDA and decreased antioxidants [52]. MDA was detected in the 

maximum level in diabrtic aged group when compared to healthy ahed groups. It is previously 

confirmed that an increase in MDA with Diabetic patients [53]. A past report revealed that 

Developing of malondialdehyde stages among a diabetic people may be ascribed to the height 

in peroxidative harm to lipids from oxidative pressure created all through diabetes [54]. MDA 

is oxidative stress end product that is developed in excessive amount as by product of the 

antioxidant defence mechanism in many pathophysiological disorders affecting the 

cardiovascular system, such as hypercholesterolemia, diabetes and hypertension [55, 56]. 

Mitochondrial genetic markers  

The mtDNA copy number level showed significant decreasing with aging. The finding is 

consistent with aprevious study [57]. Also a preceding take a look at determined that the mtDNA 

feature decreased for the duration of ageing, together with a decline in TCA cycle enzymes, a 

reduction in breathing capacity and a rise in the improvement of reactive oxygen species (ROS) 

in each human and animal model. A previous take a look at recommended that a relative 
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deficiency of mitochondrial antioxidants might make a contribution to the big age-related 

decreasing in mitochondrial DNA molecules material in skeletal muscle, liver, and heart tissue 

[58]. In addition, such modifications can lead to DNA mutations, cell death, inflammation and 

decreased function of the stem cells, which contribute to tissue degeneration [59, 60]. The 

purpose why mtDNA reproduction quantity declined in aged people or animals is that one 

hypothesis assumed getting older as a result of the aggregation of damage to biomolecules 

because of the overproduction of highly poisonous reactive oxygen species (ROS) over their 

lifespan. This idea has been known as the mitochondrial aging theory because mitochondria are 

the principle wellspring of ROS in the cell [61]. This result is supported that ROS development 

may cause in decreasing of mtDNA molecules or loss of function in mtDNA through simple 

modification [62]. Such aging-related mitochondrial changes are added to the fact that age is 

the main cause for several disorders in the population [63]. 

An decrease in the level of T/S with aging is agreement with previous studies [64, 65] recorded 

that the level of T/S was decreased with aging and peoples with decreasing telomeres may be 

assumed to be at a higher risk of age-related pathologies, such as frailty, suggested as a clinical 

measure of biological age [66]. Take a look at first suggested an affiliation between shorter 

telomere and accelerated threat of loss of life in individuals aged ≥60 years [67]. According to 

this research, it also showed that the length of telomere was shorter for the age of more than 60 

years [68]. At the same time as in agreement with several research, they have got now not 

determined a significant affiliation among lowering of telomere duration and age, a number of 

which have used small age group samples [69]. Also previous studies confirmed that decreasing 

of telomere length have a positive relationship with health complications like in type 2 diabetes 

patients [70]. 

 

4. CONCLUSION 

 

This observe research possibly provide a therapeutic goal for aging and age-related disease. On 

the other hand, ‘‘check some molecular levels and oxidant status’’, can be itself considered a 

hallmark of healthy ageing and diabetic aging. Glucose and hemoglobin A1c levels are increased 

with aging, and this increase was strongly associated with diabetic disease. While the level of 

the antioxidants were decreased and the level of oxidative markers were increased with aging 

and the effects of ageing were complicated significantly in diabetic aged elderly. The copy 

number of mtDNA and length of telomere were decreased with aging, and both are more 

associated with diabetic disease. 

 

REFERENCE 

 

 
[1] J. Santos, F. Leitão-Correia, M. J. Sousa, and C. Leão, "Dietary restriction and nutrient balance in aging," 

Oxidative Medicine and Cellular Longevity, vol. 2016, 2016. 

[2] J. L. Kirkland, "The biology of senescence: potential for prevention of disease," Clinics in geriatric 

medicine, vol. 18, pp. 383-405, 2002. 

[3] C. López-Otín, M. A. Blasco, L. Partridge, M. Serrano, and G. Kroemer, "The hallmarks of aging," Cell, 
vol. 153, pp. 1194-1217, 2013. 

[4] S. Basaraba, "Defining chronological and biological age," ed, 2019. 

[5] Y. Arai, C. M. Martin-Ruiz, M. Takayama, Y. Abe, T. Takebayashi, S. Koyasu, et al., "Inflammation, but 
not telomere length, predicts successful ageing at extreme old age: a longitudinal study of semi-

supercentenarians," EBioMedicine, vol. 2, pp. 1549-1558, 2015. 

[6] A. Bürkle, M. Moreno-Villanueva, J. Bernhard, M. Blasco, G. Zondag, J. H. Hoeijmakers, et al., "MARK-
AGE biomarkers of ageing," Mechanisms of ageing and development, vol. 151, pp. 2-12, 2015. 

[7] S. Hatse, B. Brouwers, B. Dalmasso, A. Laenen, C. Kenis, P. Schöffski, et al., "Circulating MicroRNAs as 

easy-to-measure aging biomarkers in older breast cancer patients: correlation with chronological age but not 
with fitness/frailty status," PLoS One, vol. 9, p. e110644, 2014. 

[8] C. J. Caspersen, G. D. Thomas, L. A. Boseman, G. L. Beckles, and A. L. Albright, "Aging, diabetes, and the 

public health system in the United States," American journal of public health, vol. 102, pp. 1482-1497, 2012. 
[9] C.-S. Kim, S. Park, and J. Kim, "The role of glycation in the pathogenesis of aging and its prevention through 

herbal products and physical exercise," Journal of exercise nutrition & biochemistry, vol. 21, p. 55, 2017. 



58 

 

[10] S. Lovestone and U. Smith, "Advanced glycation end products, dementia, and diabetes," Proceedings of the 
National Academy of Sciences, vol. 111, pp. 4743-4744, 2014. 

[11] H. P. Nguyen and R. Katta, "Sugar Sag: Glycation and the Role of Diet in Aging Skin," Skin therapy letter, 

vol. 20, pp. 1-5, 2015. 
[12] D. R. Sell and V. M. Monnier, "Molecular basis of arterial stiffening: role of glycation–a mini-review," 

Gerontology, vol. 58, pp. 227-237, 2012. 

[13] N. Ahmed and P. Thornalley, "Quantitative screening of protein biomarkers of early glycation, advanced 
glycation, oxidation and nitrosation in cellular and extracellular proteins by tandem mass spectrometry 

multiple reaction monitoring," Biochemical Society Transactions, vol. 31, pp. 1417-1422, 2003. 

[14] G. Suji and S. Sivakami, "Glucose, glycation and aging," Biogerontology, vol. 5, pp. 365-373, 2004. 
[15] V. Venegas and M. C. Halberg, "Measurement of mitochondrial DNA copy number," in Mitochondrial 

Disorders, ed: Springer, 2012, pp. 327-335. 

[16] A. X.-C. Fan, R. Radpour, M. M. Haghighi, C. Kohler, P. Xia, S. Hahn, et al., "Mitochondrial DNA content 
in paired normal and cancerous breast tissue samples from patients with breast cancer," Journal of cancer 

research and clinical oncology, vol. 135, pp. 983-989, 2009. 

[17] J. P. Rooney, I. T. Ryde, L. H. Sanders, E. H. Howlett, M. D. Colton, K. E. Germ, et al., "PCR based 
determination of mitochondrial DNA copy number in multiple species," in Mitochondrial Regulation, ed: 

Springer, 2015, pp. 23-38. 

[18] R. M. Cawthon, "Telomere length measurement by a novel monochrome multiplex quantitative PCR 
method," Nucleic acids research, vol. 37, pp. e21-e21, 2009. 

[19] N. Cherbuin, P. Sachdev, and K. J. Anstey, "Higher normal fasting plasma glucose is associated with 

hippocampal atrophy: The PATH Study," Neurology, vol. 79, pp. 1019-1026, 2012. 
[20] D. Satterfield, "Health promotion and diabetes prevention in American Indian and Alaska Native 

communities—Traditional foods project, 2008–2014," MMWR supplements, vol. 65, 2016. 

[21] Z. Punthakee, R. Goldenberg, and P. Katz, "Definition, classification and diagnosis of diabetes, prediabetes 
and metabolic syndrome," Canadian journal of diabetes, vol. 42, pp. S10-S15, 2018. 

[22] G. Valentino, V. Kramer, L. Orellana, M. J. Bustamante, C. Casasbellas, M. Adasme, et al., "Impaired 
fasting glucose in nondiabetic range: is it a marker of cardiovascular risk factor clustering?," Disease 

markers, vol. 2015, 2015. 

[23] Q. Ma, H. Liu, G. Xiang, W. Shan, and W. Xing, "Association between glycated hemoglobin A1c levels 
with age and gender in Chinese adults with no prior diagnosis of diabetes mellitus," Biomedical reports, vol. 

4, pp. 737-740, 2016. 

[24] M. B. Davidson and D. L. Schriger, "Effect of age and race/ethnicity on HbA1c levels in people without 
known diabetes mellitus: implications for the diagnosis of diabetes," Diabetes research and clinical practice, 

vol. 87, pp. 415-421, 2010. 

[25] C. K. Kramer, M. R. G. Araneta, and E. Barrett-Connor, "A1C and diabetes diagnosis: the Rancho Bernardo 
Study," Diabetes care, vol. 33, pp. 101-103, 2010. 

[26] Y. Bao, X. Ma, H. Li, M. Zhou, C. Hu, H. Wu, et al., "Glycated haemoglobin A1c for diagnosing diabetes 

in Chinese population: cross sectional epidemiological survey," Bmj, vol. 340, 2010. 
[27] Y. Zheng, S. H. Ley, and F. B. Hu, "Global aetiology and epidemiology of type 2 diabetes mellitus and its 

complications," Nature Reviews Endocrinology, vol. 14, pp. 88-98, 2018. 

[28] N. Basisty, D. F. Dai, A. Gagnidze, L. Gitari, J. Fredrickson, Y. Maina, et al., "Mitochondrial‐targeted 
catalase is good for the old mouse proteome, but not for the young:‘reverse’antagonistic pleiotropy?," Aging 

Cell, vol. 15, pp. 634-645, 2016. 

[29] I. Martínez de Toda, C. Vida, L. Sanz San Miguel, and M. De la Fuente, "Function, oxidative, and 
inflammatory stress parameters in immune cells as predictive markers of lifespan throughout aging," 

Oxidative medicine and cellular longevity, vol. 2019, 2019. 

[30] P. M. Treuting, N. J. Linford, S. E. Knoblaugh, M. Emond, J. F. Morton, G. M. Martin, et al., "Reduction 
of age-associated pathology in old mice by overexpression of catalase in mitochondria," The Journals of 

Gerontology Series A: Biological Sciences and Medical Sciences, vol. 63, pp. 813-822, 2008. 

[31] H. Patel, J. Chen, K. C. Das, and M. Kavdia, "Hyperglycemia induces differential change in oxidative stress 
at gene expression and functional levels in HUVEC and HMVEC," Cardiovascular diabetology, vol. 12, pp. 

1-14, 2013. 

[32] N. Karaouzene, H. Merzouk, M. Aribi, S. Merzouk, A. Y. Berrouiguet, C. Tessier, et al., "Effects of the 
association of aging and obesity on lipids, lipoproteins and oxidative stress biomarkers: a comparison of 

older with young men," Nutrition, Metabolism and Cardiovascular Diseases, vol. 21, pp. 792-799, 2011. 

[33] P. Yang, Q. Jia, Z. L. Jiang, and X. Zhao, "The influence of eleutheroside on blood glucose and blood lipid 
of D-galactose-induce rats through inhibiting blood superoxide dismutase activities," Advance Journal of 

Food Science and Technology, vol. 5, pp. 900-903, 2013. 

[34] J. Tower, "Superoxide dismutase (SOD) genes and aging in Drosophila," in Life Extension, ed: Springer, 
2015, pp. 67-81. 

[35] J. A. Joseph, B. Shukitt-Hale, and L. M. Willis, "Grape juice, berries, and walnuts affect brain aging and 

behavior," The Journal of nutrition, vol. 139, pp. 1813S-1817S, 2009. 
[36] S. Banarjee and S. Bhattacharya, "Oxidative stress parameters and antioxidant status in middle aged amd 

elderly subjects: an age-related comparative study," Int. J. Bioassays, vol. 3, pp. 3131-36, 2014. 

[37] S. M. Mahmoud and A. Moneim, "The Protective effect of pomegranate (Punica granatum) juice against 
carbon tetrachloride-induced oxidative stress in brain tissue of adult male albino rats," Life Sci, vol. 10, pp. 

151-158, 2013. 



59 

 

[38] M. Battino, M. Ferreiro, I. Gallardo, H. Newman, and P. Bullon, "The antioxidant capacity of saliva," 
Journal of Clinical Periodontology: Review article, vol. 29, pp. 189-194, 2002. 

[39] P. Bullon, H. N. Newman, and M. Battino, "Obesity, diabetes mellitus, atherosclerosis and chronic 

periodontitis: a shared pathology via oxidative stress and mitochondrial dysfunction?," Periodontology 
2000, vol. 64, pp. 139-153, 2014. 

[40] B. L. Tan, M. E. Norhaizan, W.-P.-P. Liew, and H. Sulaiman Rahman, "Antioxidant and oxidative stress: a 

mutual interplay in age-related diseases," Frontiers in pharmacology, vol. 9, p. 1162, 2018. 
[41] H.-C. Lee and Y.-H. Wei, "Oxidative stress, mitochondrial DNA mutation, and apoptosis in aging," 

Experimental biology and medicine, vol. 232, pp. 592-606, 2007. 

[42] T. Lu, Y. Pan, S.-Y. Kao, C. Li, I. Kohane, J. Chan, et al., "Gene regulation and DNA damage in the ageing 
human brain," Nature, vol. 429, pp. 883-891, 2004. 

[43] C. Franken, G. Koppen, N. Lambrechts, E. Govarts, L. Bruckers, E. Den Hond, et al., "Environmental 

exposure to human carcinogens in teenagers and the association with DNA damage," Environmental 
research, vol. 152, pp. 165-174, 2017. 

[44] R. Olinski, A. Siomek, R. Rozalski, D. Gackowski, M. Foksinski, J. Guz, et al., "Oxidative damage to DNA 

and antioxidant status in aging and age-related diseases," Acta Biochimica Polonica, vol. 54, pp. 11-26, 
2007. 

[45] M. S. Cooke, M. D. Evans, M. Dizdaroglu, and J. Lunec, "Oxidative DNA damage: mechanisms, mutation, 

and disease," The FASEB Journal, vol. 17, pp. 1195-1214, 2003. 
[46] Y. Zhang, L. Zhang, L. Zhang, J. Bai, H. Ge, and P. Liu, "Expression changes in DNA repair enzymes and 

mitochondrial DNA damage in aging rat lens," Molecular Vision, vol. 16, p. 1754, 2010. 

[47] A. Valavanidis, T. Vlachogianni, and C. Fiotakis, "8-hydroxy-2′-deoxyguanosine (8-OHdG): a critical 
biomarker of oxidative stress and carcinogenesis," Journal of environmental science and health Part C, vol. 

27, pp. 120-139, 2009. 

[48] L. L. Wu, C.-C. Chiou, P.-Y. Chang, and J. T. Wu, "Urinary 8-OHdG: a marker of oxidative stress to DNA 
and a risk factor for cancer, atherosclerosis and diabetics," Clinica chimica acta, vol. 339, pp. 1-9, 2004. 

[49] J. Lifshitz and T. K. McIntosh, "Age-associated mitochondrial DNA deletions are not evident chronically 
after experimental brain injury in the rat," Journal of neurotrauma, vol. 20, pp. 139-149, 2003. 

[50] B. N. Ames, "Delaying the mitochondrial decay of aging—a metabolic tune-up," Alzheimer Disease & 

Associated Disorders, vol. 17, pp. S54-S57, 2003. 
[51] N. Gautam, S. Das, S. K. Mahapatra, S. P. Chakraborty, P. K. Kundu, and S. Roy, "Age associated oxidative 

damage in lymphocytes," Oxidative Medicine and Cellular Longevity, vol. 3, pp. 275-282, 2010. 

[52] A. J. Rani and S. Mythili, "Study on total antioxidant status in relation to oxidative stress in type 2 diabetes 
mellitus," Journal of clinical and diagnostic research: JCDR, vol. 8, p. 108, 2014. 

[53] V. U. Chavan and R. Melinkeri, "Study of protein carbonyl group, nitric oxide and MDA (index of lipid 

peroxidation) as biomarkers of oxidative stress in type 2 diabetes mellitus," Natl J Community Med, vol. 4, 
pp. 294-9, 2013. 

[54] B. S. Duman, M. Öztürk, S. Yilmazer, and H. Hatemi, "Thiols, malonaldehyde and total antioxidant status 

in the Turkish patients with type 2 diabetes mellitus," The Tohoku journal of experimental medicine, vol. 
201, pp. 147-155, 2003. 

[55] K. N. Shantha, K. Sheethal, and T. Rashmi, "Antioxidant status, oxidative stress and lipid profile in essential 

hypertensive men," Journal of evolution of medical and dental sciences, vol. 2, pp. 2950-2956, 2013. 
[56] P. Subash, P. Gurumurthy, A. Sarasabharathi, and K. Cherian, "Urinary 8-OHdG: a marker of oxidative 

stress to DNA and total antioxidant status in essential hypertension with South Indian population," Indian 

Journal of Clinical Biochemistry, vol. 25, pp. 127-132, 2010. 
[57] J. Mengel-From, M. Thinggaard, C. Dalgård, K. O. Kyvik, K. Christensen, and L. Christiansen, 

"Mitochondrial DNA copy number in peripheral blood cells declines with age and is associated with general 

health among elderly," Human genetics, vol. 133, pp. 1149-1159, 2014. 
[58] R. Barazzoni, K. R. Short, and K. S. Nair, "Effects of aging on mitochondrial DNA copy number and 

cytochromec oxidase gene expression in rat skeletal muscle, liver, and heart," Journal of Biological 

Chemistry, vol. 275, pp. 3343-3347, 2000. 
[59] D. A. Chistiakov, I. A. Sobenin, V. V. Revin, A. N. Orekhov, and Y. V. Bobryshev, "Mitochondrial aging 

and age-related dysfunction of mitochondria," BioMed research international, vol. 2014, 2014. 

[60] N. Sun, R. J. Youle, and T. Finkel, "The mitochondrial basis of aging," Molecular cell, vol. 61, pp. 654-666, 
2016. 

[61] D. Edgar and A. Trifunovic, "The mtDNA mutator mouse: Dissecting mitochondrial involvement in aging," 

Aging (Albany NY), vol. 1, p. 1028, 2009. 
[62] Y.-F. Chou, C.-C. Yu, and R.-F. S. Huang, "Changes in mitochondrial DNA deletion, content, and 

biogenesis in folate-deficient tissues of young rats depend on mitochondrial folate and oxidative DNA 

injuries," The Journal of nutrition, vol. 137, pp. 2036-2042, 2007. 
[63] T. Niccoli and L. Partridge, "Ageing as a risk factor for disease," Current biology, vol. 22, pp. R741-R752, 

2012. 

[64] E. Cordoba-Lanus, S. Cazorla-Rivero, A. Espinoza-Jimenez, J. P. de-Torres, M. J. Pajares, A. Aguirre-
Jaime, et al., "Telomere shortening and accelerated aging in COPD: findings from the BODE cohort," 

Respiratory research, vol. 18, pp. 1-8, 2017. 

[65] Y. Zhu, X. Liu, X. Ding, F. Wang, and X. Geng, "Telomere and its role in the aging pathways: telomere 
shortening, cell senescence and mitochondria dysfunction," Biogerontology, vol. 20, pp. 1-16, 2019. 



60 

 

[66] A. B. Mitnitski, J. E. Graham, A. J. Mogilner, and K. Rockwood, "Frailty, fitness and late-life mortality in 
relation to chronological and biological age," BMC geriatrics, vol. 2, pp. 1-8, 2002. 

[67] R. M. Cawthon, K. R. Smith, E. O'Brien, A. Sivatchenko, and R. A. Kerber, "Association between telomere 

length in blood and mortality in people aged 60 years or older," The Lancet, vol. 361, pp. 393-395, 2003. 
[68] K. A. Mather, A. F. Jorm, P. J. Milburn, X. Tan, S. Easteal, and H. Christensen, "No associations between 

telomere length and age-sensitive indicators of physical function in mid and later life," Journals of 

Gerontology Series A: Biomedical Sciences and Medical Sciences, vol. 65, pp. 792-799, 2010. 
[69] K. D. Salpea, V. Nicaud, L. Tiret, P. J. Talmud, S. E. Humphries, and E. I. group, "The association of 

telomere length with paternal history of premature myocardial infarction in the European Atherosclerosis 

Research Study II," Journal of Molecular Medicine, vol. 86, pp. 815-824, 2008. 
[70] R. Y. Zee, A. J. Castonguay, N. S. Barton, S. Germer, and M. Martin, "Mean leukocyte telomere length 

shortening and type 2 diabetes mellitus: a case-control study," Translational research, vol. 155, pp. 166-

169, 2010. 

 

 

 

 

 

 


