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Abstract

Background The predicted increase in the senior population will have a substantial impact on mental health

and dementia development, emphasizing the need to study the biochemical components related to the patho-
genesis of dementia. Oxidative stress is caused by an imbalance between the production of reactive oxygen species
and the antioxidant balance of the body. The brain is particularly vulnerable to oxidative stress because of the rela-
tively low levels of antioxidants in the brain, high levels of polyunsaturated fatty acids, and increased oxygen needs.
The increase of reactive oxygen species leads to the accumulation of protein oxidation by-products which has a key
role in dementia pathogenesis. The aim of the study is to investigate the link between oxidative stress and dementia
in Egyptian older women and its possible effect on dementia severity and types. A case—control study was conducted
involving 40 elderly women with dementia, and another 40 cognitively intact controls. All participants were subjected
to a comprehensive geriatric evaluation, which included cognitive assessment, depression screening, and functional
assessment. Blood levels of malondialdehyde (an oxidative stress marker), glutathione peroxidase enzyme and total
antioxidant capacity (an antioxidant markers) were measured.

Results Malondialdehyde’s blood level was significantly higher in dementia cases (p <0.001), indicating a higher
oxidative stress status in dementia cases. While blood levels of both glutathione peroxidase enzyme and total antioxi-
dant capacity were significantly lower in dementia cases (p <0.001), indicating a lower antioxidant activity in demen-
tia cases. We found that glutathione peroxidase enzyme at a cutoff point < 122 mu/ml, total antioxidant capacity

at a cutoff point <39.1 mm/I, and malondialdehyde at a cutoff point>95 nmol/ml had perfect diagnostic value

for identifying patients with dementia.

Conclusion Oxidative stress showed a significant role in the pathogenesis of dementia, with the presence of higher
levels of oxidative damage by-products and lower levels of antioxidant status. So, the role of oxidative stress

in dementia should not be neglected, and more effort should be directed to prevent unnecessary exposure to oxida-
tive stress in older adults to contribute towards dementia prevention.
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a significant influence on mental health and dementia
development [4].

Aging is defined by a loss of homeostasis produced by
chronic oxidative stress, which affects the nervous, endo-
crine, and immune systems [5]. Reactive oxygen species
(ROS)-producing enzymes such as nicotinamide adenine
dinucleotide phosphate (NADP) oxidase and myeloper-
oxidase increase with aging, while antioxidant enzymes
such as glutathione peroxidase and superoxide dismutase
are downregulated [6]. As a result, oxidative stress is
believed to be the principal cause of dementia, with accu-
mulative oxidative damage being the primary driver of
cognitive decline [7].

Oxidative stress is implicated in the pathophysiology
of both Alzheimer’s disease (AD) and vascular dementia
(VaD), and it is probable that the two diseases are linked
via oxidative stress [8]. Senile plaques wreak havoc on
neurons by activating microglia, astrocytes, and the com-
plementing system [9]. These pathways are associated
with a high amount of free radical production, which
hastens neuronal death [10].

Because malondialdehyde (MDA) is both cytotoxic and
carcinogenic, it can be used as a biomarker for lipid per-
oxidation and oxidative stress [11]. MDA in blood sam-
ples is more accurate for assessing systemic oxidative
stress [12].

Antioxidant molecules function on multiple levels
including radiation damage healing, radical scavenging,
and radical prevention [13].

Glutathione peroxidase enzyme (GPx) is the main
enzyme responsible for reducing ROS and lipid peroxi-
dation products [14]. It holds the status of a redox sys-
tem glutathione/glutathione disulfide (GSH/GSSG) in
the glutathione system to prevent oxidative damage of
cellular constituents. As such, the GPx is the first line of
defense against free radicals [15].

Total antioxidant capacity (TAC) is a biomarker that
measures the antioxidant capacity of bodily fluids [16]. It
indicates the serum’s ability to protect the cell structure
from the destructive effects of free radicals, and it indi-
cates greater vulnerability to oxidative damage [17].

The purpose of this study was to examine the possible
link between oxidative stress and dementia in Egyptian
older women and its effect on dementia severity and

types.

Methods

In our study, we tried to investigate the possible role of
oxidative stress in the occurrence of dementia among
Egyptian elderly women. So, a case—control study was
conducted. Participants were recruited from older
women who attended geriatrics clinics or were admitted
to Ain Shams University Hospitals in Cairo, Egypt. The
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research was carried out between May and November of
2021. A total of 80 elderly ladies were recruited for the
study. They were separated into two groups: a case group
of 40 dementia patients and a control group of 40 cogni-
tively intact participants. Age and educational level were
matched in both groups. Patients with severe/critical
medical illness, uncontrolled hypothyroidism, autoim-
mune disorders, sepsis, severely disrupted liver/kidney/
lung function, delirium, psychiatric illness such as schiz-
ophrenia, an acute stroke, brain tumors, and positive
smoking status were excluded.

Cognitive function assessment: screening was initially
performed using the Arabic version [18] of the Mini
Mental State Examination (MMSE) [19], with a cut-
off score of 26 out of 30 to diagnose dementia. It is also
used to classify dementia phases as mild, moderate, or
severe. The ranges for mild dementia were 21-25, 11-20
for moderate dementia, and 0-10 for severe dementia.
The scores were also corrected for age and education.
Dementia was diagnosed using the Diagnostic and Sta-
tistical Manual of Mental Disorders, Fifth Edition (DSM-
V) criteria [20, 21]. Depression screening: In the control
group, PHQ-2 (patient health questionnaire-2) [22] was
used to screen for depression, whereas the Cornell scale
[23] was used for the demented patients.

All the chosen participants underwent a history taking,
a clinical examination, and a full geriatric assessment,
which included the following:

The Activities of Daily Living scale (ADL) [24] and the
Instrumental Activities of Daily Living scale (IADL) [25]
were used for functional evaluation.

The Hachinski ischemia score (HIS) [26]: This is a basic
clinical technique used to distinguish between dementia
types (Alzheimer’s, vascular or multi-infarct dementia,
and mixed type).

Malondialdehyde (MDA), glutathione peroxidase
enzyme (GPX), and total antioxidant capacity (TAC)
were all measured in blood as oxidative stress markers.
The blood samples were obtained without the use of an
anticoagulant at a geriatric hospital and left to clot for
30 min at 25 °C. The top yellow serum layer is pipetted
without disturbing the white buffy coat after centrifuging
the blood at 2,000 xg for 15 min at 4 °C. Serum was kept
on ice and frozen at — 80 °C.

Glutathione peroxidase enzyme (GPX)
Measurement technique principles: The assay is an
indirect measurement of GPx activity. The enzyme glu-
tathione reductase recycles oxidized glutathione (GSSG)
to its reduced state when GPx reduces an organic
peroxide.

The oxidation of nicotinamide adenine dinucleotide
phosphate hydrogen (NADPH) to NADP+causes a
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decrease in absorbance at 340 nm (A340), which provides
a spectrophotometric technique for measuring the GPx
enzyme activity. At 340 nm, NADPH has a molar extinc-
tion value of 6220 M ¢cm™. To measure GPx, a cell or
tissue homogenate is mixed with glutathione, glutathione
reductase, and NADPH. The enzymatic reaction was ini-
tiated by introducing hydrogen peroxide as a substrate,
and then the A340 was measured. The rate of reduc-
tion of the A340 is directly related to the sample’s GPx
activity.

Total antioxidant capacity (TAC)

Measurement technique principles: The antioxidative
capacity was determined by reacting antioxidants in the
sample with a specific amount of exogenously supplied
hydrogen peroxide (H202). The antioxidants in the sam-
ple eliminate a specific amount of the supplied hydro-
gen peroxide. An enzymatic procedure that converts
3,5, dichloro-2-hydroxy benzenesulfonate into a colored
product determines the residual H202 colorimetrically.

Malondialdehyde (MDA)

Measurement technique principles: Thiobarbituric acid
(TBA) combines with malondialdehyde (MDA) in an
acidic media at 95 °C for 30 min to create thiobarbituric
acid reactive product, the absorbance of which was meas-
ured at 534 nm.

On the 25th of July 2020, the FMASU REC (faculty of
medicine at Ain Shams University Research Ethics Com-
mittee) granted ethical research approval.

The data were statistically analyzed with the Statisti-
cal Software Package for Social Science (SPSS) 20. (IBM,
Chicago, USA, 2011).

Data were presented, and appropriate analysis was
performed based on the type of data obtained for each
parameter.

Statistics for descriptive purposes: Mean, standard
deviation (SD), and range were used for parametric
numerical data, whereas median and interquartile range
(IQR) were used for nonparametric numerical data. Non-
numerical data were also represented using frequency
and percentage.

A Student’s T test was performed to examine the sta-
tistical significance difference between two study groups,
which were utilized to assess the relationship between
oxidative stress markers in the studied groups.

A Chi-square test was employed to assess the connec-
tion between two qualitative variables.

A one-way ANOVA test was performed to compare
quantitative factors between more than two groups in
order to investigate the relationship between oxidative
stress and different forms of dementia.
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The Mann—Whitney test was employed to compare
nonparametric quantitative data between two groups.

A linear regression model was employed to determine
the most important predictor of cognition.

P<0.05 was regarded as a statistically significant value,
P-value>0.05 was considered as non-significant. Also,
P-value<0.01 was considered highly significant in our
results.

Results

The study participants’ average age was 74.53 £ 6.30, and
the majority of them were widows and illiterate. The most
common comorbidities were hypertension and diabetes
mellitus; polypharmacy was widespread; the majority of
dementia cases were in severe stages (72.2%); and vas-
cular dementia was the most common type discovered
(50.0%). Both the case and control groups were matched
for age and educational level; the case group had a sub-
stantially higher history of cerebrovascular stroke and
polypharmacy (p-values: 0.001 and <0.001, respectively)
(Table 1).

There were statistically significant changes in blood
levels of oxidative stress between the case and control
groups. The case group exhibited significantly lower
levels of GPX and TAC, while the case group had sig-
nificantly higher levels of MDA (P-values: 0.001, 0.001,
0.001, respectively) (Table 2).

There were no significant differences in blood levels of
oxidative stress indicators GPX, TAC, and MDA among
dementia types (P-values: 0.183, 0.937, and 0.828, respec-
tively) (Table 3).

Univariate logistic regression revealed that cerebro-
vascular stroke, polypharmacy, widowhood, and having
a poor functional status were all risk factors of dementia
(P-values: 0.000, 0.001, 0.004, 0.000, 0.000, respectively),
whereas multivariate regression analysis revealed that
both history of cerebrovascular stroke and polypharmacy
had the strongest associations with dementia (P-values:
0.002 and 0.024, respectively) (Table 4).

Markers of oxidation were compared with regard to
their specificity and sensitivity in diagnosing dementia, as
well as their cutoff values for diagnosis and it was found
that GPX at cutoff point 122 mu/ml, TAC at cutoff point
39.1 mm/l, and MDA at cutoff point >95 nmol/ml exhib-
ited significant specificity and sensitivity for dementia
identification (Table 5).

As a summary of the results, blood levels of malon-
dialdehyde were significantly higher in dementia cases,
indicating a higher oxidative stress status in dementia
patients, while both glutathione peroxidase enzyme and
total antioxidant capacity showed significantly lower
blood levels in dementia cases, which indicates a lower
antioxidant activity in dementia cases. Glutathione
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Table 1 Demographic characteristics and clinical data of the
studied groups

Clinical
characteristics

Control group Case group P-value

n=40 n=40
Age (years)
Mean +SD 73384656  7568+588 0.103°
Range 60-81 65-85
Marital status
Single 4(10.0%) 0(0.0%) 0.040°
Married 21 (52.5%) 13(32.5%)  0.070°
Widow 15 (37.5%) 27(675%)  0.007**°
Education level
llliterate 26 (65.0%) 31(77.5%)
<5 years 9 (22.5%) 5(12.5%)
Primary/prep 3(7.5%) 1(2.5%) 0.333°
Secondary 1 (2.5%) 0 (0.0%)
Highly educated 1 (2.5%) 3 (7.5%)
Polypharmacy
Median (IQR) 2(1-3) 6 (3-9) 0.001 **
0-4 3-9
Comorbidities
DM Yes 21 (52.5%) 21 (52.5%) 1.000 °
HTN Yes 27 (67.5%) 30(750%)  0459°
ISHD Yes 4 (10.0%) 4 (10.0%) 1.000 °
CLD Yes 7 (17.5%) 9(22.5%) 0.576°
CKD Yes 4 (10.0%) 2 (5.0%) 0.396°
CHD Yes 2 (5.0%) 2 (5.0%) 1.000°
Thyroid diseases Yes 3 (7.5%) 9 (22.5%) 0.060°
(@) Yes 2 (5.0%) 19(47.5%) <0.001**®

IQR interquartile range, SD standard deviation, DM diabetes mellitus,

HTN hypertension, ISHD ischemic heart diseases, CLD chronic liver disease, CKD
chronic kidney disease, CHD chronic heart disease, and CVS cerebrovascular
stroke

2 Independent t-test; °Chi-square test; ‘Mann-Whitney test
P-value >0.05: non-significant; ** P-value <0.01: highly significant

Table 2 Oxidative stress markers blood levels of the studied

groups
Oxidative stress markers  Control Casegroup  P-value
group
n=40 n=40
GPX (mu/ml) Mean+SD 2225142171 8256+2564  <0.001%**
Range 183.2-293 47-122
TAC (mm/1) Mean+SD 95.16+£9.50 22.52+947 <0.001%**
Range 67-115.5 10.2-39.1
MDA (nmol/ Mean+SD 4536+1296  200.06+5147 <0.001%**
mi) Range  30-95 113-290

GPX glutathione peroxidase, TAC total antioxidant capacity, MDA
malondialdehyde, nmol/ml nanomole/milliliter, mm/I millimolar/liter, mu/ml/
milliunits/milliliter, SD standard deviation

2 Independent t-test, **P-value < 0.01: highly significant
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peroxidase enzyme at cutoff point<122 mu/ml, total
antioxidant capacity at a cutoff point<39.1 mm/l, and
malondialdehyde at cutoff point > 95 nmol/ml had perfect
diagnostic values for identifying patients with dementia.

Discussion

Dementia is a disabling brain disorder that is associated
with severe disability, increased demands for medical and
personal care, and premature death [27].

The brain is particularly vulnerable to oxidative stress
due to its excessive usage of glucose for energy produc-
tion [28]. ROS are important in both normal brain func-
tion and the pathophysiology of neurological diseases
[29, 30].

Oxidative stress is involved in several acute and chronic
pathological processes, such as cerebrovascular diseases
(CVDs), acute and chronic kidney disease (CKD), neu-
rodegenerative diseases (NDs), macular degeneration
(MD), biliary diseases, and cancer. Furthermore, cardio-
vascular (CV) risk factors (ie, obesity, diabetes, hyper-
tension, and atherosclerosis) are associated with the
inflammatory pathway mediated by interleukin IL-1a,
IL-6, IL-8, and increased cellular senescence [31, 32].

As a result, serum oxidative stress markers are likely to
be higher in patients suffering from neurodegenerative
diseases and cognitive impairment [30].

The aim of our study was to investigate the association
between dementia and oxidative stress status in elderly
women.

A case—control study has been conducted, included
80 elderly women, 40 participants had dementia, and
another 40 cognitively intact participants as a control
group. Comprehensive geriatric assessment was done for
all participants including cognitive assessment, screening
for depression and functional assessment.

Age and educational level were matched in both
groups. Patients with severe/critical medical illness,
uncontrolled hypothyroidism, autoimmune disorders,
sepsis, severely disrupted liver/kidney/lung function,
delirium, psychiatric illness such as schizophrenia, an
acute stroke, brain tumors, and a positive smoking status
were excluded.

Blood levels of a three of oxidative stress markers were
measured, namely glutathione peroxidase enzyme (GPX),
total antioxidant capacity (TAC), and malondialdehyde
(MDA).

Age [33] and educational level [34] continue to be
important risk factors for dementia development world-
wide. On the other hand, Tripathi and colleagues [35],
who investigated the risk and preventive variables for
dementia in North India, did not find significant rela-
tionship between age and educational levels in relation
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Table 3 Comparison between types of dementia regarding oxidative stress markers blood levels
Types of dementia (HIS) P-value
Mixed dementia AD VaD
n=13 n=7 n=20
GPX Mean+SD 72.71+25.86 93.66+2648 85.07+24.23 0.183°
(mu/mi) Range 47-122 55.2-114 47.5-121
TAC Mean+SD 22.12+996 23.7+10.11 22.36+941 0.937°
(mm/1) Range 128-38 123-35.7 102-39.1
MDA Mean +SD 195.7+£52.71 210.66+60.12 199.17+49.87 0.828°
(nmol/mi) Range 119.5-290 119.5-263 113-290

AD Alzheimer's dementia, VaD vascular dementia, GPX glutathione peroxidase, TAC total antioxidant capacity, MDA malondialdehyde, HIS Hachinski ischemic score,
P-value >0.05: non-significant; a: one-way ANOVA test. nmol/ml: nanomole/milliliter, mm/I: millimolar/liter, mu/ml: milliunits/milliliter

Table 4 Analysis of dementia-related variables using univariate and multivariate logistic regression

Univariate Multivariate
P-value Odds ratio 95% C.I. for OR P-value OR 95% C.I. for OR
(OR)
Lower Upper Lower Upper

Widow status 0.004** 3519 1.507 8215 - - - -
History of CVS 0.000** 17.190 3.643 81.108 0.002* 12914 2.646 63.031
Polypharmacy (>5) 0.001** 4.846 1.882 12482 0.024* 3.328 1172 9.449
ADL score<3 0.000** 741.000 64.478 8515.777 - - - -
IADL score <2 0.000** 741.000 64.478 8515.777 - - - -
Cl confidence interval, ADL Activities of Daily Living Scale; JADL Instrumental Activities of Daily Living Scale; OR odds ratio; CVS cerebrovascular stroke
*P-value < 0.05: significant; ** P-value <0.01: highly significant
Table 5 The receiver-operating curve (ROC) analysis of oxidative stress blood markers in the studied groups
Variables Cutoff point AUC Sensitivity Specificity PPV NPV
GPX (mu/ml) <122 1.000 100.00 100.00 100.0 100.0
TAC(mm/L) <39.1 1.000 100.00 100.00 100.0 100.0
MDA(nmol/ml) >95 1.000 100.00 100.00 100.0 100.0

ROC the receiver-operating curve, GPX glutathione peroxidase, TAC total antioxidant capacity, MDA malondialdehyde, AUC area under the curve, PPV positive
predictive value, NPV negative predictive value. nmol/ml nanomole/milliliter, mm/L millimolar/liter, mu/ml milliunits/milliliter

to dementia. In our study, both case and control groups
were matched in age and educational level.

Except for cerebrovascular stroke, the current inves-
tigation found no statistically significant differences
between the case and control groups in comorbidities
among the examined population. Cerebrovascular stroke
was substantially more common in the dementia group.
This was consistent with the findings of Kuzma and col-
leagues, who sought to investigate the effect of stroke on
incident dementia and discovered that stroke was a well-
established risk factor for dementia [36].

Corraini and colleagues found that the 30-year abso-
lute risk of dementia among stroke survivors was 11.5%

higher than in the general population [37] when they
investigated the long-term risk of dementia among sur-
vivors of ischemic or hemorrhagic stroke. Furthermore,
published meta-analyses demonstrate that ischemic
stroke nearly doubles the incidence of dementia in older
persons and that a stroke patient has a 59% greater
chance of acquiring AD when compared to controls [38].

This was explained by the fact that vascular risk fac-
tors cause cerebrovascular damage, which directly causes
vascular dementia, and that vascular risk factors enhance
the chance of neurodegenerative Alzheimer’s disease
[39]. Furthermore, cerebrovascular diseases (CVDs) are
distinguished by insulin resistance, a pro-oxidative and
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pro-inflammatory state, as well as a dysregulation of the
expression of various factors involved in redox homeo-
stasis and an inflammatory environment that impairs
cognitive function [40].

In addition to the recognized risk factors for demen-
tia in the elderly, our study emphasized the importance
of blood levels of oxidative stress markers in dementia
pathogenesis and progression. The primary findings of
this study were that the pattern of oxidative stress identi-
fied in the population surveyed was linked to dementia.
Lower antioxidant activity was discovered to be a predic-
tor of dementia.

In our investigation, MDA levels were much greater
in the case group, whereas TAC and GPX levels, which
reflect antioxidant status, were significantly lower. Fur-
thermore, there was no significant difference in blood
levels of oxidative stress indicators between dementia
types, indicating that oxidative stress is one of the ele-
ments that play a role in dementia regardless of its kind.

Excessive proinflammatory cytokines, vascular prob-
lems, and altered mitochondrial activity, which is fol-
lowed by overproduction of ROS and oxidized molecules,
all contribute to dementia pathogenesis [41].

Our findings were consistent with those of Poildori and
colleagues, who examined oxidative stress in Alzheimer’s
disease (AD), vascular dementia (VaD), and controls and
found that all antioxidants were reduced in demented
patients compared to controls. However, identical plasma
antioxidant and MDA levels were identified in vascular
and Alzheimer dementia [42].

Similarly, Cherbuin and colleagues’ study, which exam-
ined the impact of oxidative stress, inflammation, and
dementia, discovered that low TAC and high MDA were
associated with cognitive decline and neurodegeneration
and that higher antioxidant activity appeared to be more
protective [43].

Also, Qi and colleagues’ study which assessed the role
of antioxidant molecules such as TAC and GPX in their
case—control study found that vascular dementia patients
show lower levels of antioxidant molecules than the nor-
mal population [44].

It was in line with the study of Vogrinc and colleagues,
which discovered that genetic variation linked to inflam-
mation and oxidative stress may influence an individual’s
susceptibility to AD and MCI, supporting the critical role
that neuroinflammation and oxidative stress play in the
pathophysiology of AD [45].

In contrast to our findings, one study reported no sta-
tistically significant change in plasma levels of oxidative
stress (OS) indicators when participants with cogni-
tive decline were compared to the control group. This
gap could be explained by the fact that their study only
included people with mild cognitive impairment (MCI)
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and mild dementia, whereas 72% of the case group in our
study had severe dementia [46].

In contrast to our findings, Casado and colleagues
found that GPx activity was reduced in VaD and AD
patients compared to controls, with a statistically sig-
nificant difference only in AD (P 0.005) [47]. The differ-
ences between our findings and those of this study could
be explained by the fact that this study measured GPX in
red blood cells (RBCs) rather than plasma. Furthermore,
their study included both men and women, whereas our
study only included women.

Furthermore, Gustaw-Rothenberg and colleagues
found that MDA levels were considerably greater in the
VaD group only, as compared to both AD patients and
controls [48]. This could be explained by a number of
variables, including the fact that the study population
with vascular dementia had higher levels of vascular risk
factors such as hypertension and smoking than other
groups. Furthermore, the dementia group only had mild
to moderate dementia. Finally, both men and women
were recruited for this study.

Many earlier research have found correlations between
oxidative stress indicators and different kinds of demen-
tia. This could be attributed to a variety of factors. The
sample size is a crucial consideration in determining the
statistical significance of the differences observed. The
use of different assays may also have a role in the vari-
ances. Another explanation for the disparities in results
between studies on MDA levels, antioxidant enzymes,
and ageing could be heredity or dietary habits, which
make it much more difficult to disentangle their influence
from enzyme expression and activity [49].

The significance of our research is to understand
exactly one of the potential causes of dementia, which is
one of the most hazardous diseases in the world. It also
paves the way for a lot of future studies trying to detect
cognitive impairment in preclinical stages and compare
many oxidative stress markers to detect which one has
the highest specificity and sensitivity to dementia.

Our study has some points of strength as the exclusion
of patients with psychiatric illnesses, delirium, and acute
medical diseases, which can all affect the results of cogni-
tive evaluation results as well as oxidative stress markers
in blood levels. Also, both case and control groups were
matched in age, as age difference could affect the results.
Furthermore, we measured three different oxidative
stress markers. Lastly, to the best of our knowledge, this
was the first study in Egypt that looked at the relationship
between dementia and blood levels of oxidative stress
indicators in older females.
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Conclusion

Our results demonstrated the role of oxidative stress (OS)
in dementia pathogenesis, confirmed by significantly
lower blood levels of antioxidant markers together with
a higher accumulative oxidative damage in demented
women patients.

Also, there were no significant differences in blood lev-
els of oxidative stress indicators GPX, TAC, and MDA
among dementia types.

Limitations and future directions: It is critical to avoid
exposure of older adults to unnecessary oxidative stress.
This may contribute to dementia prevention programs.

More research is needed to evaluate the role of trace
elements and certain vitamins as cofactors for the anti-
oxidant system, and their possible role in both preventing
and delaying the progression of dementia.

Also, future research is needed to assess the role of
oxidative stress in the early detection of mild cognitive
impairment (MCI) and mild dementia patients.

The generalizability of our study to other populations is
limited, as all study patients were older adult ladies who
attended Ain Shams University’s geriatric hospital. Indi-
viduals with mild dementia were also underrepresented
in our study.
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0sS Oxidative stress
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AD Alzheimer dementia

VaD Vascular dementia

HTN Hypertension
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TBA Thiobarbituric acid
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mm/I Millimolar/liter

mu/ml Milliunits/milliliter

AUC Area under the curve

@] Confidence interval

OR Odds ratio

PPV Positive predictive value
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ROC Receiver-operating curve

CVDs Cerebrovascular diseases
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IL Interleukin

NDs Neurodegenerative diseases
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NADP + Nicotinamide adenine dinucleotide phosphate
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