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Oxidative damage to DNA in independent-living elderly persons
and their correlations with sociodemographic, anthropometric, and
functional parameters

Abstract

Odbjective: To evaluate the correlations between oxidative DNA damage among elderly
persons aged between 60 and 79 years and sociodemographic, anthropometric and
functional parameters. Method: The present study has a descriptive, quantitative and
cross-sectional design. A group of 195 independent-living elderly persons of both genders
underwent blood collection and the subsequent measurement of serum concentrations of
8-OHdG, a residue generated by the attack of reactive oxygen species to DNA. The same
subjects also underwent evaluation for body mass index (BMI), body fat percentage, the
Short Physical Performance Battery (SPPB), and the education level of the participants
was analyzed. Statistical analysis was performed using the Spearman correlation test,
adopting a 5% significance level. Resu/t: Higher fat percentage and BMI are directly
correlated with higher concentrations of 8-OHdG, while SPPB and education were
inversely correlated with the concentration of this molecule in the sample. Conclusion:
These results suggest factors such as lifestyle and educational level influenced oxidative
DNA damage in these elderly persons and had an impact on their functional capacity.
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INTRODUCTION

The aging process is marked by a series of
metabolic changes, one of which is increased
susceptibility to oxidative stress, induced by the
decline of mitochondrial respiratory functioning'”

The Oxidative damage generated during
the aging process can be evaluated through the
measurement of different products. The oxidation
of proteins, for example, tends to produce carbonyl
and sulfhydryl residues, while malondialdehyde
is a product of lipid oxidation. Oxidative DNA
damage leads to the production of 8-hydroxy-2'-
deoxyguanosine (8-OHdG)*.

Assessing the levels of oxidative stress and its
implications on the health of the elderly is a complex
task, as different tissues, and even different cell
types, present varying patterns of oxidative stress
throughout the aging process™. However, 8-OHdG
is produced by all the cells of the body, with varying
intensity, and is continuously released into the
bloodstream and excreted in the urine™® Increased
levels of 8-OHdG have been found in different
pathologies and chronic-degenerative diseases,
including diabetes, different types of neoplasia and
Alzheimer's disease’. In addition, an increase in the
plasma and urinary concentrations of this molecule

has been associated with obesity and the loss of
9,10

muscle mass in the elderly

A study by Kocael et al. found that serum levels
of 8-OHdG in patients with morbid obesity declined
after surgery for the implantation of a gastric band,
evidencing a link between obesity and oxidative
DNA damage'

Considering this and other evidence, the overall
objective of the present study was to measure the
levels of 8-OHdG found in the whole blood of
elderly individuals aged between 60 and 79 years
who lived independently, and to evaluate the
correlation between the concentrations of this
marker of oxidative damage and sociodemographic,
anthropometric and functional data.

METHOD

The present study is descriptive, quantitative
and cross-sectional in nature, and was carried out
in 2015. The estimate of a proportion of a finite
population was used to calculate the sample size,
with an alpha level of 5%, a sampling error of 5%
and a 50% estimate for the distribution of the study
variable. By these parameters, the sample for the
municipality of Ivoti was estimated at 235 elderly
persons. However, this sample calculation was based
on the total number of elderly people, while the
present study encompassed only elderly residents
in the municipality who were not institutionalized,
did not present cognitive impairments, and were not

physically or psychologically debilitated.

A probabilistic sample was constructed by
means of the cluster sampling technique, with
the 5 health centers of the municipality used as
units. The total sample for Ivoti was 195 elderly
persons of both genders, aged between 60 and 79
years, who lived independently in the municipality,
which is located in the state of Rio Grande do Sul.
Random simple sampling was performed. Elderly
persons enrolled in all the health centers of the
municipality of Ivoti were invited to participate in
the study. The study was carried out in two stages.
On their first visit to the health center, the elderly
persons underwent blood collection, which was
performed by a researcher in the area of Nursing,.
The anthropometric data and the data from the
Short Physical Performance Battery Test (SPPB)
were collected at a second appointment, also in the
health center, by a Physical Education professional
with a specialization qualification in this area. The
inclusion criteria were age over 60 years, reside in
the municipality of Ivoti, not be institutionalized
or hospitalized, and have sufficient mental and
health capabilities to possess the independence
and autonomy to participate in the study. Dementia
or frailty were used as exclusion criteria, and were
identified by the professionals from the health

center.
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The following instruments and techniques were
used in data collection:

a) Socio-demographic data: identification data
addressing age, sex, nationality, birthplace,
profession, schooling, marital status, diseases
and general health status.

b) Anthropometric evaluation: Body mass index
(BMI) was calculated by the ratio between body
mass (kg) and height squared (meters). Total
body mass, fat percentage, and height were
measured in accordance with World Health
Organization standards'? (23.5% of fat for
females and 30.9% for males), and suggested
by Heyward and Wagner" The Pan American
Health Organization (PAHO)" recommends
the following BMI classification in the elderly:
BMI<23 = underweight; 23<BMI<28 = normal
weight; 28<BMI<30 = overweight; BMI<30 =
obesity. Abdominal obesity is defined by the
WHO as a waist circumference >102 cm in men
and >0.88 cm in women.

©) Short Physical Performance Battery lest (SPPB): this
battery was created by Guralnik and the Brazilian
version was adapted by Nakano®. Itis a practical
and effective instrument for the evaluation of
physical performance and screening of elderly
persons with a future risk of disability. The
instrument evaluates the performance of the lower
limbs in three aspects: muscular strength, gait
and balance, as well as reflecting motor planning
and the corresponding cognitive strategies. The
instrument also allows the early identification of
deficits not reported by the eldetly or an individual
providing information on their behalf. The total
SPPB score is obtained by totaling the results of
the balance, gait speed and lower limb strength
tests and applies the following classification:
0 to 3 points: inability or poor performance;
4 to 6 points: low performance; 7 to 9 points:
moderate performance and 10 to 12 points: good
performance'.

d) Detection of 8-OHdG: 8-hydroxy-2-
deoxyguanosine (8-OHdG) was detected in
serum samples. The KOG-HS10E (Jaica)
8-OHdG detection kit was employed. This is
a competitive ELISA assay, which utilizes a
monoclonal antibody which is highly specific

for DNA damage, with a wavelength reading of
450 nm, and a standard curve interval ranging
from 0.125 to 10 ng/ml".

Descriptive and inferential statistics were used
to analyze the data. The following tests were used:
the Chi-squared test to compare gender; the Mann
Whitney test to compare age groups; the Spearman
Correlation Coefficient to evaluate the relationships
of the SPPB variables, abdominal waist classification,
fat percentage, 8-OHdG and schooling. A level of
significance of p=0.05 was considered.

The study was approved by the Ethics Research
Committee of the Universidade Feevale under n°.
6.0000.5348. The participants signed a Free and
Informed Consent Form in accordance with the
guidelines of National Health Council Resolution
n°466/12 of the Department of Health, which deals

with research involving human beings.

RESULTS

The most prevalent age group in the sample
was 60 to 64 years old (34.8%), and the majority of
individuals were female (71.9%). In terms of marital
status, the majority (57.4%) of the elderly persons
were married or lived with a partner, while there
was a significant number of widowers or individuals
who were separated (31.1%). The majority (75.4%)
of the sample had an incomplete primary education.

Both men and women had higher fat percentage
indices than expected: 31.3% and 42.8%, respectively,
while women had statistically significantly higher fat
percentage indices than men (0.000). Thus, 71.8% of
the eldetly persons in question had a higher percentage
of fat than expected, a worrying number (Table 1).

With regard to the body composition and age group
components, there was only a significant difference
in terms of the muscle mass and BMI classification
results. The elderly persons aged between 60 and 69
years old had a greater percentage of muscle mass
(p=0.046) and a higher BMI classification (p=0.018)
than those aged between 70 and 79 years.

The mean SPPB score in this study was 7.25
points, with a standard deviation of 2.5. As can

be seen in Table 2, the lower the age group, the
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higher the Balance Test (»=0.019), gait velocity test
(p=0.005) and total SPPB (»p=0.007) scores.

The majority (45.6%) of participants in the sample
of the present study achieved a moderate SPPB

classification. Table 3 shows that elderly persons

aged 60 to 09 years presented greater functional

capacity according to SPPB classification, although

there was no significant difference between the

groups in terms of gender.

Table 1. Classification of body mass index and fat percentage according to gender. Ivoti, Rio Grande do Sul, 2015.

Variables Overall Male Female P
n=195 (%) n=55(%) n=140(%)

BMI Classification

Underweight 25 (12.9) 11 (20) 14 (10) 0.006

Normal Weight 76 (38.9) 26 (47.2) 50 (35.8)

Overweight 30 (15.4) 10 (18.2) 20 (14.2)

Obese 64 (32.8) 08 (14.6) 56 (40)

Fat Percentage

Notrmal 55 (28.2) 4(7.3) 7(5) 0.536

Higher than expected 140 (71.8) 51 (92.7) 133 (95)

BMI: Body mass index; p=Chi-squared test

Table 2. Distribution of subtests of Short Physical Performance Battery (SPPB) in relation to age group. Ivoti,

Rio Grande do Sul, 2015.

Age group N Mean (sd) P
(years)

Balance Test 60 to 69 127 3.02 (£1.300) 0.019
70 to 79 68 2.56 (£1.418)

Gait Speed Test 60 to 69 127 3.01 (£0.877) 0.005
70 to 79 08 2.59 (£1.040)

Chair Stand Test 60 to 69 127 1.58 (£0.996) 0.440
70 to 79 068 1.44 (£0.761)

Total SPPB score 60 to 69 127 7.60 (£2.473) 0.007
70 to 79 68 6.59 (£2.475)

p: Mann Whitney Test.

Table 3. Short Physical Performance Battery (SPPB) classification in relation to variables of gender and age

group. Ivoti, Rio Grande do Sul, 2015.

Very poor Low Moderate Good Total P
n=18(%) n=53(%) n=89 (%) n=35(%) 0=195(%)
Gender
Male 4(22.3) 11(20.7) 25(28.1) 15(42.8) 55(28.2) 0.140%
Female 14(77.7) 42(79.3) 64(71.9) 20(57.2) 140(71.8)
Age group (years)
60 to 69 9(50) 32(60.3) 58(65.2) 28(80) 127(65.1) 0.007%*
70 to 79 9(50) 21(39.7) 31(34.8 7(20) 68(34.9)

*p: Chi-squared test; ¥*p: Mann Whitney Test.
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Regarding the concentration of 8-OHdG, the
present study recorded a mean of 6.89 ng/ml, with
a standard deviation of 8.95 ng/ml. The result with
the least oxidative damage was DNA, with 0.29 ng/
ml. The maximum result found in the sample was
42.85 ng/ml.

Under the conditions of the present study, no
differences were found between genders or the
ages of the individuals for the concentrations of
the oxidative DNA damage marker.

The variable 8-OHdG and the variables BMI
(¢=0.159, p=0.047) and fat percentage (+t=0.177,
$=0.027) had a positive correlation. This relationship
indicates that among the individuals studied, a higher
BMI and fat percentage was associated with a higher
the concentration of §-OHdG.

The 8-OHdG variable had a negative correlation
with SPPB test results (r =-0.216, p=0.007) and
schooling (r=-0.186; p=0.021), indicating that greater
functional capacity was associated with greater
concentrations of 8-OHdG.

DISCUSSION

Levels of oxidative DNA damage can vary
according to endogenous factors such as age, and
exogenous factors such as diet, physical activity and
exposure to drugs and pollutants. In the present
study, correlations were found between BMI, fat
percentage, SPPB and schooling in a sample of eldetly
people of both genders, aged between 60 and 79
years of age, living in the municipality of Ivoti in
the state of Rio Grande do Sul.

The BMI and fat percentage in the sample were
directly correlated with the 8-OHdAG levels found in
the serum of the subjects sampled. This relationship,
although it can vary due to environmental and/or
genetic influences, represents an overall trend'™.
Consumption of diets rich in calories or fatty acids,
obesity, overweight and a sedentary lifestyle are
factors frequently associated with increased levels
of oxidative stress in different populations'” The
physiological mechanisms involved in this increase
have not been fully elucidated but involve, to a greater

or lesser extent, mitochondrial dysfunction and a

cascade of metabolic reactions, such as exaggerated
inflammatory response, which can lead to chronic
and degenerative disorders often found in the elderly
population, such as hypertension, diabetes, neoplasia
and Alzheimer's disease'®

In addition to population studies, experimental
research also suggests that opposing associations are
true: weight loss, consumption of less caloric diets,
and regular physical exercise can reduce oxidative
stress and the increased inflammatory response
associated with it". In addition, data from literature
shows that rapid weight loss followed by surgeries
for the introduction of gastric banding resulted in
a decline in 8-OHdG concentrations excreted in
the urine of patients undergoing this procedure'

It was decided to measure 8-OHdG from the
serum, rather than the urine, of the participants of
the present study, given the practicality of collection
and reliability in the preservation of the sample.
Such efficiency could not be guaranteed in the case
of urine collection.

The negative correlation between SPPB and
8-OHdG levels can be interpreted as an adverse
effect of weight reduction and fat percentage. With
less weight, the subject becomes more agile, which is
reflected in the SPPB scores. And with less weight,
the individual is less subjected to the cascade of
metabolic reactions related to oxidative stress. A
2014 study demonstrated that overall antioxidant
capacity correlated positively with the functional
performance of the upper and lower limbs among
the elderly” The same article suggests that low levels
of hemoglobin and deficient antioxidant defenses
could significantly affect functional performance,
leading to the transition to a pre-frail state among
elderly persons. Additionally, oxidative damage to
mitochondrial DNA has been identified as one of
the main factors responsible for sarcopenia and
neuromuscular dysfunctions, through mechanisms
such as the failure of mitophagy processes,
respiratory chain defects, metabolic disorders and
the pathological activation of pro-inflammatory and
pro-apoptotic signals, which can contribute to the
loss of muscle fibers®

Oxidative stress has been the subject of studies
which have related it to muscular weakness, the
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progressive atrophy of the musculature and to the
advancement of age, in a mode dependent on cellular
redox status®

Data from literature indicates that urinary
8-OHJdG levels in community-dwelling elderly
persons ate associated with muscle strength, and that
such a finding may be clinically relevant because of
the possibility of controlling oxidative DNA damage
by adopting healthy lifestyles (diet, physical activity,
etc.)!’

A significant inverse correlation between
schooling and 8-OHdG levels was identified in
this study, suggesting that individuals with more
education and/ or access to information tend to
take better care of their health, avoiding harmful
behaviors or lifestyles. Although literature requires
reviews that directly address the issue of level of
education and oxidative stress, different authors
have shown a positive correlation between low levels
of schooling, smoking, a sedentary lifestyle, low
consumption of antioxidant foods, and high levels
of oxidative stress'!' Therefore, additional studies
should be performed evaluating the other variables
cited in research involving 8-OHdG using samples
of elderly people, as studies of this population are
very scarce. It is also important to consider that the
present study is not representative of the population
of the municipality, as only people who were not
institutionalized and did not present diagnoses of

dementia processes or frailty syndrome were selected.
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