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ABSTRACT

Background: Indonesia is experiencing a demographic shift, with the elderly population comprising 9.92% (26.82 
million) of the total population, 8.21% of whom reside in Jakarta. Oxidative stress is a key contributor to the 
development of degenerative diseases associated with aging, while antioxidant defenses can mitigate its effects.

Objective: This study aimed to assess oxidative stress levels, measured by malondialdehyde (MDA), and antioxidant 
status, including catalase, reduced glutathione (GSH), and vitamin C, in the elderly population of Jakarta.

Methods: A cross-sectional study was conducted with 91 elderly participants from three sub-districts in Jakarta. 
Erythrocyte lysate samples were analyzed to measure MDA, catalase, and GSH levels, while plasma was used to 
measure vitamin C. All parameters were quantified using a spectrophotometer. MDA levels and antioxidant status 
were categorized based on age, blood pressure, and the number of chronic diseases, with statistical analysis 
performed using the Kruskal-Wallis test.

Results: The median MDA level was 2.68 (1.61–5.64) nmol/mL, with the highest levels observed in participants 
aged 60–64 and those with three chronic diseases. The mean catalase level was 2.41 ± 0.39 U/mL, the median 
GSH level was 6.16 (2.02–128.07) µmol/mL, and the mean vitamin C level was 10.87 ± 4.9 µg/mL. No significant 
differences in antioxidant status were observed based on age, blood pressure, or the number of chronic diseases.

Conclusion: Oxidative stress is prevalent in the elderly and is particularly influenced by the presence of multiple 
chronic diseases. However, antioxidant status does not significantly vary with age, blood pressure, or disease 
burden in this population.
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Introduction
The World Health Organization (WHO) reports 

that every country is witnessing an increase in both 
the proportion and size of the elderly population. 
By 2030, it is projected that one in six people 
worldwide will be over 60 years old, and by 2050, 
the global elderly population will double to 2.1 
billion [1]. Similarly, Indonesia is experiencing a 
demographic shift. According to the Ministry of 
Health of the Republic of Indonesia, the country 
is entering an aging population phase. In 2010, 
the elderly population was 18 million (7.56%), 
and by 2019, it had surged to 25.9 million (9.7%). 

This number is expected to grow further, reaching 
approximately 48.2 million (15.77%) by 2035 [2]. 
In 2020, Indonesia’s elderly population accounted 
for 9.92% of the global total, with 8.21% residing 
in Jakarta [3]. This demographic shift presents 
significant challenges, particularly in healthcare, 
as an aging population is often accompanied by 
an increase in degenerative conditions and non-
communicable diseases.

Aging is closely associated with oxidative stress, 
a process thought to play a key role in the 
development of degenerative diseases. Oxidative 
stress occurs when there is an imbalance between 
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the production of reactive oxygen species (ROS) 
and the body’s ability to neutralize them, leading 
to cellular damage [4]. ROS are by-products of 
normal cellular metabolism, but when their levels 
exceed the body’s antioxidant defenses, oxidative 
stress arises, contributing to cell damage.

Oxidative stress can damage DNA and activate the 
DNA damage response (DDR), which leads to the 
expression of p53, a protein that halts cell division. A 
similar response occurs due to telomere shortening 
during cell division, triggering the overexpression of 
p16, which inhibits cyclin-dependent kinases (CDKs) 
and causes stable growth arrest in senescent cells. 
Although senescent cells no longer divide, they 
remain metabolically active, releasing inflammatory 
secretions known as the senescence-associated 
secretory phenotype (SASP), which can influence 
neighboring cells [5,6]. As a result, oxidative stress 
impairs cellular regeneration, playing a central 
role in the progression of degenerative diseases 
such as diabetes, cancer, metabolic disorders, and 
cardiovascular diseases [7,8].

One key marker of oxidative stress is 
malondialdehyde (MDA), which is released 
during lipid peroxidation when ROS react with 
polyunsaturated fatty acids (PUFAs) in cell 
membranes [9,10]. This process also contributes 
to the formation of atherosclerotic plaques, which 
narrow blood vessels and increase cardiac workload.

The body combats oxidative stress through its 
antioxidant defense system, which includes both 
endogenous antioxidants, such as enzymes and 
proteins, and exogenous antioxidants obtained 
from diet, such as vitamins C and E. Catalase is an 
essential enzymatic antioxidant that decomposes 
hydrogen peroxide into water and oxygen, 
preventing cellular damage. Deficiency in this 
enzyme has been linked to degenerative diseases 
[7,11]. Another vital endogenous antioxidant is 
glutathione (GSH), a tripeptide that detoxifies 
hydrogen peroxide and helps maintain cellular 
redox balance [12,13].

Exogenous antioxidants, such as vitamin C, are 
obtained through dietary intake. Recommended 
daily intake varies with age, gender, and health 

status [14]. For the elderly, the recommended 
intake is 95 mg/day for men and 70 mg/day for 
women. However, higher doses (at least 400 mg/
day) may be necessary in individuals with age-
related chronic conditions to maintain adequate 
plasma levels [15]. While studies on vitamin 
C pharmacokinetics in the elderly are limited, 
evidence suggests that cellular uptake of vitamin 
C decreases with age [15].

Currently, data on oxidative stress and 
antioxidant levels in Jakarta’s elderly population 
are scarce. The structural-damage hypothesis 
suggests that oxidative stress is closely tied to 
aging, as accumulated ROS contributes to cellular 
senescence [6]. Moreover, oxidative stress hinders 
cellular regeneration, leading to degenerative 
diseases [16]. This study aims to assess oxidative 
stress by measuring MDA levels and evaluate 
antioxidant status by analyzing catalase, GSH, and 
vitamin C levels in Jakarta’s elderly population. 
Catalase and GSH are critical for neutralizing 
hydrogen peroxide, a long-lived ROS that can 
generate highly reactive hydroxyl radicals [17]. 
Additionally, vitamin C plays a crucial role in 
reducing oxidative stress by neutralizing these 
radicals [18]. Understanding oxidative stress and 
antioxidant levels in the elderly may provide 
predictive markers for preventing degenerative 
diseases in this population.

Methods
This cross-sectional study was conducted in 

the Kebayoran Baru, Pesanggrahan, and Cilandak 
subdistricts of Jakarta. A total of 91 participants, 
both male and female, aged 60 years or older, were 
recruited from Integrative Healthcare Centers for 
the Elderly. Stored samples from previous research 
were utilized [17]. Participants were eligible if 
they provided informed consent and were willing 
to adhere to study procedures. Exclusion criteria 
included alcohol consumption or smoking within 
the past year, as well as the presence of fever. 
The study received ethical approval (Number: 
KET.442/UN2.F1/ETIK/PPM.00.02/2019), and all 
data were treated with confidentiality.
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Subject caractheristic
Blood pressure was measured once using a 

sphygmomanometer after obtaining informed 
consent, following established procedures from 
previous research [19]. Systolic and diastolic 
pressures were recorded based on the first and 
last Korotkoff sounds using a stethoscope over 
the brachial artery. Participants’ medical histories, 
including chronic conditions such as hypertension, 
diabetes mellitus, stroke, and coronary heart disease, 
were obtained through anamnesis.

Plasma preparation
Three milliliters of venous blood were collected 

from each participant and placed into EDTA tubes. 
The blood samples were centrifuged at 3,500 rpm for 
10 minutes to separate the plasma, which was then 
stored at -20°C for subsequent vitamin C analysis.

Erythrocyte lysate preparation
Erythrocyte lysates were prepared for the analysis 

of MDA, catalase, and GSH. After plasma extraction, 
300 µL of the remaining blood was washed three 
times with 900 µL of 0.9% NaCl. Following the 
washing process, 900 µL of distilled water was 
added to create the erythrocyte lysate, which was 
then stored at -20°C for further analysis.

MDA analysis
MDA was measured in 90 erythrocyte lysate 

samples. Four hundred microliters of erythrocyte 
lysate were mixed with 200 µL of 20% trichloroacetic 
acid (TCA), vortexed, and centrifuged at 5,000 rpm 
for 10 minutes. The supernatant was extracted, and 
0.6% thiobarbituric acid (TBA) was added to reach 
a final volume of 1 mL. The samples were incubated 
in a water bath at 96-100°C for 10 minutes, then 
cooled, and their absorbance was measured at 532 
nm using a spectrophotometer [20].

Catalase analysis
Catalase activity was measured in 91 erythrocyte 

lysate samples. A blank solution consisting of 

1,900 µL of 27.2 mM H₂O₂ and 100 µL of solvent 
was prepared, and its absorbance was recorded 
at 210 nm every 30 seconds for 10 minutes 
using a spectrophotometer. The same procedure 
was followed for the samples, in which 1,900 µL 
of H₂O₂ was mixed with 100 µL of erythrocyte 
lysate [20].

GSH analysis
GSH was measured in 86 erythrocyte lysate 

samples using the Ellman method. Fifty microliters 
of each sample were mixed with 200 µL of 5% 
TCA and centrifuged at 3,000 x g for 10 minutes. 
The supernatant was collected and diluted 
with PBS buffer (pH 8.0) to a final volume of 
2 mL. Subsequently, 25 µL of 5,5'-dithiobis-(2-
nitrobenzoic acid) (DTNB) reagent was added, 
and the mixture was incubated in the dark at 
room temperature for 1 hour. Absorbance was 
measured at 412 nm [20].

Vitamin C analysis
Vitamin C levels were measured in 50 plasma 

samples using a vitamin C assay kit (Elabscience) 
according to the manufacturer’s instructions. Four 
hundred microliters of plasma were mixed with 
the kit reagents and incubated at 37°C for 30 
minutes. After adding 0.1 mL of additional reagent, 
the mixture was vortexed and incubated for 10 
minutes at room temperature. Absorbance was then 
measured at 635 nm using a spectrophotometer.

Statistical analysis
MDA and GSH levels were expressed as 

medians (min–max) due to their non-normal 
distribution, while catalase and vitamin C levels 
were presented as means ± standard deviation 
(SD). Data were categorized by age group 
(60–64 years, 65–74 years, 75–84 years, >85 
years), blood pressure, and number of chronic 
diseases. Statistical analysis was performed using 
the Kruskal-Wallis test. All data analysis was 
conducted using SPSS version 28.0.
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Results
Participant characteristics

The participants had a mean age of 70.14 
years, with nearly half falling within the 65 to 
74-year age group. Approximately 50% of the 
participants were diagnosed with hypertension, 
and the majority had a history of one or more 
chronic conditions, including hypertension, diabetes 
mellitus, stroke, and coronary heart disease. Only 
30% of the participants were free from chronic 
diseases (Table 1).

MDA level and antioxidant status
The median MDA level was 2.68 (1.61–5.64) 

nmol/mL. The highest MDA levels were observed 
in participants aged 60–64 years and those with 
a history of three chronic diseases, as shown 
in Figure 1C. The mean catalase level was 2.41 
± 0.39 U/mL, the median GSH level was 6.16 
(2.02–128.07) µmol/mL, and the mean vitamin 
C level was 10.87 ± 4.9 µg/mL. No significant 
differences in antioxidant status (catalase, GSH, 

Table1. Characteristics of the participants 

No. Categorization n (%)

1. Mean of age: 70.14 years

Middle age: 60 – 64 years 

Youngest Old: 65 – 74 years 

Middle Old: 75 – 84 years 

Oldest Old: > 85 years 

20 (21.9 %)

44 (48.4 %)

25 (27.5 %)

2 (2.2 %)

2. Blood pressure:

Normal 

Pre-hypertension 

Hypertension grade 1 

Hypertension grade 2 

29 (31.9 %)

22 (24.2 %)

29 (31.9 %)

11 (12 %)

3. The number of chronic disease 
history:

No chronic disease 

1 chronic disease 

2 chronic diseases 

3 chronic diseases 

29 (31.9 %)

32 (35.2 %)

24 (26.4 %)

6 (6.5 %)

and vitamin C levels) were observed based on 
age distribution, blood pressure, or the number 
of chronic diseases (Figures 1-3).

Figure 1. Malondialdehyde (MDA) levels categorized by age group, blood pressure, and number of chronic diseases. 
MDA levels (nmol/mL) in participants, categorized by (A) age group (middle age n=21, youngest old n=42, middle old n=25, 
oldest old n=2), (B) blood pressure status (normal n=29, pre-hypertension n=24, hypertension grade 1 n=26, hypertension 
grade 2 n=11), and (C) number of chronic diseases (no chronic disease n=27, 1 chronic disease n=32, 2 chronic disease n=26, 
3 chronic diseases n=5). The box plots represent the range of MDA levels, with the thick horizontal line indicating the median 
for each group. *p < 0.05 using Kruskal Wallis test
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Figure 2. Catalase activity categorized by age group, blood pressure, and number of chronic diseases. The catalase 
activity (U/mL) in participants, categorized by (A) age group (middle age n=20, youngest old n=44, middle old n=25, 
oldest old n=2), (B) blood pressure status (normal n=29, pre-hypertension n=22, hypertension grade 1 n=29, hypertension 
grade 2 n=11), and (C) number of chronic diseases (no chronic disease n=29, 1 chronic disease n=32, 2 chronic disease 
n=24, 3 chronic diseases n=6). The bars represent the mean catalase activity for each group, with error bars indicating 
the standard error of the mean (SEM)

Figure 3. GSH levels categorized by age group, blood pressure, and number of chronic diseases. GSH levels (µmol/
mL) in participants, categorized by (A) age group (middle age n=21, youngest old n=41, middle old n=22, oldest old 
n=2), (B) blood pressure status (normal n=27, pre-hypertension n=22, hypertension grade 1 n=28, hypertension grade 
2 n=9), and (C) number of chronic diseases (no chronic disease n=29, 1 chronic disease n=29, 2 chronic disease n=23, 
3 chronic diseases n=5). The box plots represent the range of MDA levels, with the thick horizontal line indicating the 
median for each group

https://doi.org/10.32889/actabioina.177


6Oxidative stress and antioxidant status of elderly

Acta Biochimica Indonesiana 7(2):177 | https://doi.org/10.32889/actabioina.177

Discussion
This study found that the median MDA level 

among elderly participants was 2.68 (1.61–5.64) 
nmol/mL, consistent with previous studies reporting 
similar levels in individuals aged 60–70 years, with 
a median of 2.070 nmol/mL [21]. Interestingly, the 
oldest age group (>85 years) exhibited a slightly 
lower median MDA level (2.17 nmol/mL), although 
no significant differences were observed across 
other age groups. In contrast, Akter et al. [22] 
reported that MDA concentrations tend to increase 
with age, a finding supported by Muralidharan et 
al. [23], who observed a significant rise in serum 
MDA levels between individuals younger than 30 
years (0.963 µM/L ± 0.0484) and those aged 31–50 
years (1.945 µM/L ± 0.0816). These findings suggest 
that lipid peroxidation and oxidative stress may 
become more pronounced with advancing age.

Our finding that participants with three chronic 
diseases had the highest MDA levels (4.19 nmol/mL) 
is consistent with the well-documented relationship 
between chronic diseases and oxidative stress. 
Studies have shown that conditions such as diabetes, 
hypertension, and coronary heart disease significantly 
contribute to lipid peroxidation, as evidenced by 
elevated MDA levels. Sunita et al. [24] reported 

significantly higher MDA levels in individuals with 
type 2 diabetes mellitus (2.400 nmol/L) compared 
to non-diabetic controls (1.690 nmol/L). Similarly, 
Sreenivasulu et al. [25] found elevated MDA levels 
in patients with chronic renal failure (4.26 ± 1.04 
µmol/L) compared to healthy controls (1.29 ± 
0.2 µmol/L). Elevated MDA concentrations have 
also been observed in patients with coronary 
heart disease, particularly among smokers [26]. 
Additionally, studies by Armas-Padilla et al. [27] 
and Verma et al. [28] found that hypertensive 
patients had both higher MDA levels and reduced 
serum antioxidant capacity, indicating a possible 
link between oxidative stress and hypertension. 
Hasan et al. [29] also observed that MDA levels 
increase with age and the duration of illness 
in hypertensive patients, further supporting the 
association between chronic diseases and oxidative 
stress. These results underscore the importance 
of managing chronic diseases to reduce oxidative 
stress and prevent further cellular damage in the 
elderly population.

The body’s antioxidant defense system, including 
endogenous antioxidants such as catalase and 
GSH, and exogenous antioxidants like vitamin C, is 
crucial for counteracting oxidative stress. Catalase, 

Figure 4. Vitamin C levels categorized by age group, blood pressure, and number of chronic diseases. Vitamin C level 
(µg/mL) in participants, categorized by (A) age group (middle age n=12, youngest old n=24, middle old n=12, oldest old n=2), 
(B) blood pressure status (normal n=20, pre-hypertension n=12, hypertension grade 1 n=15, hypertension grade 2 n=3), and (C) 
number of chronic diseases (no chronic disease n=18, 1 chronic disease n=16, 2 chronic disease n=12, 3 chronic diseases n=4). 
The bars represent the mean catalase activity for each group, with error bars indicating the standard error of the mean (SEM)
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an enzymatic antioxidant, plays an essential role in 
decomposing hydrogen peroxide into water, thereby 
preventing oxidative damage. Studies have shown 
higher hydrogen peroxide levels in hypertensive 
individuals compared to normotensive controls, 
indicating a link between hydrogen peroxide 
accumulation and hypertension [30]. However, 
in our study, no significant differences in catalase 
activity were observed based on blood pressure. 
This may be due to confounding factors such 
as gender and body weight. For example, men 
generally have higher blood pressure than women 
of the same age, though postmenopausal women 
tend to have elevated blood pressure compared 
to men, likely due to hormonal changes [31]. 
Additionally, excess body weight is a well-known 
risk factor for hypertension [32].

Besides catalase, other antioxidants like 
glutathione peroxidase also play critical roles 
in detoxifying hydrogen peroxide. Glutathione 
peroxidase uses GSH as a co-substrate and may 
be more effective than catalase under physiological 
conditions [33,34]. GSH is vital for maintaining 
redox balance and cellular function [35]. Although 
our study did not find significant differences in 
GSH levels based on age, blood pressure, or 
the number of chronic diseases, other studies 
have reported different outcomes. Rybka et al. 
[36], for example, found higher GSH levels in 
elderly hypertensive patients, possibly due to the 
antioxidant effects of antihypertensive medications. 
The absence of information on antihypertensive 
drug use in our study may have influenced the 
results. Other factors, such as chemical exposure, 
degenerative diseases, or apoptosis, could also 
impact GSH levels [37].

Vitamin C, a potent exogenous antioxidant, 
neutralizes free radicals by donating electrons. 
Research shows that elderly individuals often have 
lower plasma ascorbate levels due to decreased 
intake and the presence of chronic diseases, 
although aging itself does not significantly affect 
vitamin C levels [39]. Ascorbic acid, a water-soluble 
antioxidant in human plasma, plays a protective 
role in cardiovascular diseases and hypertension 
[40]. While our study did not find significant 

differences in vitamin C levels based on blood 
pressure, participants with grade 2 hypertension 
had the lowest vitamin C levels. Li Ran et al. 
[40] observed a negative correlation between 
blood pressure and vitamin C levels, suggesting 
that individuals with hypertension often have 
lower ascorbic acid concentrations. Moreover, 
Guan et al. [41] demonstrated that vitamin C 
supplementation can significantly reduce blood 
pressure in patients with essential hypertension, 
highlighting the potential role of vitamin C in 
managing blood pressure.

This study has some limitations. Participants were 
recruited from only three subdistricts in Jakarta, 
and lifestyle factors, nutritional status, medication 
use, and the specific types of chronic diseases 
were not accounted for. Chronic disease data were 
based on self-reporting, which is subject to recall 
bias. These limitations may have contributed to the 
lack of significant differences in the antioxidant 
parameters observed in our study.

Conclusion
Oxidative stress is prevalent in the elderly and 

is influenced by age and the presence of multiple 
chronic diseases. However, age and the number of 
chronic conditions do not appear to significantly 
affect antioxidant status. Further research is 
warranted, including multivariate analyses that 
consider confounding factors influencing oxidative 
stress and antioxidant status in the elderly 
population.
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