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Abstract

Background: Glial Fibrillary Acidic Protein (GFAP) is a major protein found in the
astrocytic cells of the brain, and it is considered a marker of Alzheimer’s disease. This study
aimed to examine the most common comorbidities in AD and how they affect the clinical
management of patients. Additionally, we will delve into the early detection and diagnosis
of AD, highlighting certain physiological markers and evaluating the relationship between
comorbidities and GFAP, emphasizing its significance in the advancement of AD.
Methodology: The research was conducted at General Hospitals Al Sader General Teaching
in the province of Al-Najaf al-Ashraf and Karbala Hospital and external laboratories in
Iraq. The study included sixty-three Iraqi individuals who underwent medical evaluations
between September 2023 to May 2024. Thirty healthy adults without Alzheimer’s disease
or any other comorbidities or inflammatory disease were included.

Results: A total of 63 individuals diagnosed with AD participated in the study, including
sixty-three AD patients and thirty controls. The median age of the AD participants was
73.14 4 2.02 years, and the median BMI was 30.32 + 1.53 kg/m2. AD patients showed a
significant decrease in HB and HCT compared to controls. Additionally, elevated ESR, Cr,
urea, AST, and ALP levels were observed in the Alzheimer’s disease group. IBS patients
exhibited higher circulating GFAP concentrations (6.30 £ 2.09 pg/mL) than the healthy
group. The area under the ROC curve was 0.893, and the GFAP cut-off was 0.517 pg/mL.
Elevated GFAP concentrations were found to be correlated with higher ESR, CR, and ALP
levels in AD patients.

Conclusion: The correlated GFAP and ESR levels in AD patients showed the potential
connection of risk factors for AD and how they may be related to inflammatory mechanisms.
Reduced kidney function was associated with increased levels of GFAP in AD patients.
Furthermore, increased GFAP and ALP serum levels can be referred to as partly reflecting
neuronal loss in Alzheimer’s disease patients.

1. Introduction

Alzheimer’s disease (AD) is a prevalent form of dementia marked by neuritic plaques and neurofibrillary tangles. The disease is caused
by an accumulation of amyloid-8 (Af) fibrils in the brain, which results in the formation of plaques and neurofibrillary tangles (NFTs),
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which in turn cause memory loss, behavioral abnormalities, and organ failure [1, 2]. In his eighth edition of the psychiatric textbook, Emil
Kraepelin identified the ailment as Alzheimer’s disease [3, 4].

Brain disorders such as Alzheimer’s disease (AD) can cause a progressive loss of cognitive function. Other factors that can cause this
include infections, intoxication, abnormalities in the pulmonary and circulatory systems that reduce the amount of oxygen reaching the brain,
deficiencies in nutrition, a deficiency of vitamin B12, tumors, and more [5, 6].

In the diagnosis of Alzheimer’s disease, patients are divided into three primary clinical stages: pre-clinical AD, mild cognitive impairment
(MCI), and overt AD. These classifications are essential for understanding and addressing the progression of the disease [7]. The existing
categorization method fails to take into account significant prognostic factors, such as concurrent illnesses. Coexisting conditions can
influence the clinical condition and development of AD. Research indicates a connection between AD and long-term conditions such as
diabetes, heart disease, depression, and inflammatory bowel disease [8—10].

Astrocytes comprise 30-40% of the central nervous system (CNS) cells. This demonstrates their crucial role in supporting and maintaining
the CNS’s functions [11]. Astrocytes are a key part of the blood-brain barrier and play a central role in the normal function of synapses and
in maintaining axonal metabolic processes by regulating ion balance [12]. GFAP is the essential intermediate filament for astrocytes, playing
a crucial role in their structure and function [13]. GFAP, a type-III intermediate filament, consists of 432 amino acids encoded by a gene on
chromosome 17q21.1-q25. It is unequivocally expressed in mature astrocytes in various brain regions and Mueller cells in the retina. GFAP
is expressed in non-neural cells such as Schwann cells, mature glial cells in the gut, and hepatic stellate cells in the periphery [14, 15].

In the realm of disease management for AD patients, the simultaneous existence of other medical conditions can prove to be disadvanta-
geous. In this discussion, we will explore the most common comorbidities in AD and how they affect the clinical management of patients.
Additionally, we will delve into the early detection and diagnosis of AD, highlighting certain physiological markers and evaluating the
relationship between comorbidities and GFAP, emphasizing its significance in the advancement of AD.

2. Methods

2.1. Study Setting
The study was conducted at Al Sader General Teaching Hospital in Al-Najaf al-Ashraf, Karbala Hospital, and external laboratories in Iraq.
2.2. Participants

In the research, sixty-three Iraqi individuals underwent health assessments from September 2023 to May 2024. Additionally, thirty healthy
adults without Alzheimer’s disease or any other comorbidities or inflammatory disease were included.

2.3. Inclusion and Exclusion Criteria

Study participants underwent thorough health assessments and had to meet specific criteria. They were required to be between 65 and
80 years old and have been diagnosed with Alzheimer’s disease. Furthermore, individuals were excluded from the study if they had HIV,
COVID-19, or hepatitis infections, or if they had used antimicrobials within the previous month.

2.4. Assessment criteria

The participants underwent a thorough health evaluation, which involved analyzing their blood count (hemoglobin, red blood cell count,
hematocrit, white blood cell count, and platelets), erythrocyte sedimentation rate (ESR), and blood chemistry (urea, creatinine, ALT, AST,
and ALP). It is essential to remember the following information: Sixty-three adult individuals were diagnosed with Alzheimer’s disease
based on confirming memory loss and cognitive impairments using neurological tests, such as the Montreal Cognitive Assessment (MOCA)
and Mini-Mental Status Examination (MMSE) [16, 17]. However, the ultimate AD diagnostic protocol can only be performed post-mortem
to detect AP} and tau NFTs in the brains of deceased patients [18].

2.5. BMI Calculation

BMI was determined by dividing a person’s self-reported weight in kilograms by the square of their height in meters. BMI categories were
based on the WHO physical status classification17 as follows: underweight (BMI <18.5 kg/m?), normal weight (BMI 18.5-25 kg/m?),
overweight (BMI 25-30 kg/m?), or obese (BMI >30 kg/m?) [19].

2.6. Blood Sample Collection and Laboratory Analyses

Blood was obtained through venipuncture using sterile 5 mL syringes. After collection, each sample was promptly placed into specific tubes.
Subsequently, the blood was left to coagulate at room temperature for 10 minutes before being centrifuged at 6000 rpm for 15 minutes. The
resulting serum was then frozen and stored at -80 °C for later laboratory analysis.

Each individual had a blood sample taken in an EDTA tube so that the full blood cell counts (Hb, RBC, WBC (total and subtypes), and
platelet counts) could be determined. The procedure for storing blood samples was previously explained [20]. Westergren’s method was
employed to measure ESR. Male ESRs typically range from 0 to 15 mm/h, while female ESRs typically range from 0 to 20 mm/h. We have
disregarded the variations in ESR values for gender differences in this investigation. In order to keep the statistical data analysis simple, this
was done.

Serum levels of kidney function markers using colorimetric assays. Specific kits from Biolabo SA, France were used to determine serum
urea and creatinine levels. ALT, AST, and ALP were quantified using enzymatic techniques and appropriate kits from Biolabo SA, France.
We consistently measured the concentration of Glial fibrillary acidic protein (GFAP) using a validated enzyme-linked immunosorbent
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assay (ELISA) kit. The assay had a detection limit of 400 ng/L, with intra- and inter-assay precision of less than 0.9% and less than 2.3%,
respectively. All GFAP measurements were performed by investigators blinded to the patient’s characteristics and outcomes.

2.7. Statistical Analysis

Version 26.0 of the Statistical Package for Social Sciences (SPSS) program was used to analyze the data. In order to compare patient and
control subgroups, descriptive statistics like means and standard deviations have to be calculated as part of the significance testing process.
The associations between markers and factors were assessed using Pearson and Spearman correlation coefficients. Excel 2016 for Microsoft
Office was used to build data visualizations. A significance level of P < 0.05 was used for all statistical analyses.

3. Results

3.1. Patient Characteristics

The study included 93 individuals, with a 30-control group and 63 Alzheimer’s disease patients group. The median age of AD patients was
73.14 £ 2.02 years, significantly higher than the control group’s 28.5 & 3.1 years. The BMI of AD patients averaged 30.32+ 1.53, compared
to 20.44 = 0.91in controls. Among the AD patients, 30.8% were male and 69.2% were female, similar to the control group with an equal
gender distribution Table 1.

Hematological parameters such as Hb, RBC, HCT, WBC, and PLT were comparable between AD patients and controls. Specifically, Hb
levels were 11.92 + 0.586 g/dL in AD patients, which is a significant decrease compared to 14.82 £ 0.306 g/dL in controls. RBC counts
were 4.11 £ 0.212 x 10%/uL in AD patients compared to 4.275 + 0.085 x 10%/uL in controls. In patients with AD, the HCT values showed
a significant decrease to 35.771 £ 1.6 compared to 46.75 £ 1.49 in the control group. Patients with Alzheimer’s disease had a white blood
cell count (WBC) of 14.12 & 2.28 x 103/uL, which was significantly higher than the WBC count of 5.15 4 0.11 x 103/uL in the control
group. PLT counts were 203.75 4 28.80 x 103/uL in AD patients and 204 & 32.632 x 103/uL in controls.

In patients with AD, the ESR levels showed a significant increase at 90.86 £ 7.008 g/dL compared to 11.25 & 1.25 g/dL in the controls.
These findings underscore the importance of further research in this area to better understand the relationship between ESR levels and
Alzheimer’s disease Table 1.

Renal function markers such as urea and creatinine showed a significant increase between groups, with AD patients recording urea levels
of 79.8 + 8.62 mg/dL and creatinine levels of 1.3 =+ 0.15 mg/dL Table 1.

However, significant differences were observed in ALT, AST, and ALP levels. In AD patients, there was no significant difference found
in ALT levels compared to the control group. While, AD patients had markedly higher AST (28.14 & 1.77 mg/dL), and ALP (91.86 + 10.85
mg/dL) compared to controls Table 1.

Table 1: Baseline clinical and laboratory characteristics of the study AD patients and control

Parameters Patient (Mean+Se) Control (Mean+Se) P value <0.05
Age (year) 73.14 £2.02 * 28.5+3.1 0.01
BMI (kg/m?) 30.32+ 1.53 *
Normal weight (14 %)
Overweight (24.6 %) 20.44 £ 0.91 0.002
Obese (61.4 %)

Male (30.8%) Male (50%)
Gender Female (69.2%) Female (50%)
HB (g/dL) 11.92 £ 0.586* 14.82 +0.306 0.007
RBC (106 /uL) 4.11£0.212 4.275 £ 0.085 0.589
HCT% 35.771 £ 1.6* 46.75 £ 1.49 0.002
WBC (107 /uL) 14.12 £2.28* 5.15+0.11 0.018
PLT (103 /uL) 204+ 32.632 203.75 + 28.80 0.99
ESR (mm/hr) 90.86 + 7.008* 11.25 +1.25 0.003
Urea (mg/dL) 79.8 + 8.62* 24.525 +2.21 0.001
Creatinine (mg/dL) 1.3 £0.15* 0.38 £0.056 0.002
ALT (IU/L) 16.29 £ 1.61 18.5 £ 1.55 0.063
AST (IU/L) 28.14 £1.77 * 17.25 +£2.28 0.008
ALP (IU/L) 91.86 +10.85 * 53.25+1.797 0.012

* P< 0.05 statistically significant with the control group

Smoking was less prevalent among patients with Alzheimer’s disease (AD), with only 14.3% being smokers. Among AD patients, 57.1%
had a history of stroke disease, and 28.6% had a history of epilepsy disease. Additionally, 89% of AD patients showed a high prevalence of
hypertension. Moreover, diabetes had an impact on 71% of AD patients, and 38.7% of patients tested positive for CRP Table 2.
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Table 2: The Impact of Comorbid Diseases on Alzheimer’s Disease

Disease YES NO
Smoking (143 %) (85.7 %)
Stroke (571 %) (42.9 %)
Epilepsy (28.6 %) (71.4 %)
Hypertension  (89%) (11 %)
Diabetic (71%) 29 %)
CRP+ (38.7%)  (61.3%)

3.2. Evaluation of biomarkers associated with AD

GFAP levels were assessed as a specific biomarker between the studied groups. Our data showed a significant increase (p < 0.05) in
GFAP levels (6.302 + 2.09 pg/mL) in patients diagnosed with AD compared to the healthy control group (0.427 + 0.029 pg/mL). The
statistical mean was not shown in the Figure 1. Interestingly, there was a significant increase in GFAP levels observed in patients with higher
hypertension, and epilepsy and in female patients among individuals with AD. The statistical mean was not shown in the Figure 2.
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Figure 1: Comparison of the GFAP (pg) between Groups of Patients with AD and healthy group
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Figure 2: Comparison of the GFAP (pg) among Patients with Disease Comorbidities in Alzheimer’s Disease

In the Receiver Operating Characteristic Area Under the Curve (ROC AUC) analysis, GFAP levels demonstrate a moderate ability to
discriminate between subjects, with an AUC of 0.893 £ 0.108. This suggests that GFAP can distinguish between individuals with and
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without AD-related characteristics. The cut-off value of 0.517 provides a practical threshold for identifying individuals based on their GFAP
levels, as illustrated in Figure 3.
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Figure 3: ROC curve for discrimination of the GFAP (pg) in all subjects

3.3. Correlation of Serum GFAP Levels with Clinical Biochemical Factors

The study also examined the association of GFAP with various parameters in patients with AD, focusing on the correlation with inflammation.
The analysis revealed several significant correlations. There was a positive correlation between GFAP and ESR levels (r = 0.901, p = 0.006),
indicating that higher GFAP levels are associated with higher ESR levels in AD patients. Additionally, GFAP showed a positive correlation
with creatinine (r = 0.773, p = 0.041) and ALP (r = 0.930, p = 0.002). Other parameters, including age, BMI, Hb, HCT, WBC, PLT, urea, and
AST, did not show significant correlations with GFAP levels Table 3.

Table 3: Pearson Correlation of Glial fibrillary acidic protein with other laboratory parameters in patients with AD

GFAP Correlations
Parameters Pearson Correlation P<0.05
Age (year) 0.495 0.259
BMI (kg/m?) 0.644 0.118
HB (g/dL) -255 0.581
RBC (10° /uL) -0.170 0.716
HCT% -0.250 0.589
WBC (103 /uL) 0.2403 0.236
PLT (103 /uL) -0.514 0.238
ESR (mm/hr) .901** 0.006
Urea (mg/dL) 0.547 0.204
Creatinine (mg/dL)  0.773* 0.041
ALT (IU/L) -0.270 0.558
AST (IU/L) -.206 0.657
ALP (IU/L) 0.930%*%* 0.002

* Correlation is significant at the 0.05 level (2-tailed)

The study also examined the association of GFAP with various impact diseases in patients with AD. There was a positive correlation
between GFAP and gender (r = 0.791, p = 0.034), indicating that higher GFAP levels are associated with females in AD patients. Additionally,
GFAP showed a positive correlation with epilepsy (r = 0.789, p = 0.03) and CRP+ (r = 0.691, p = 0.025) Table 4.
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Table 4: Spearman’s Rho Correlation of Glial fibrillary acidic protein with other Impact of Disease in patients with AD

Disease GFAP Correlations P<0.05
Spearman’s Rho correlation

Gender 0.791* 0.034
Smoking -0.204 0.661
Stroke -.289 0.530
Epilepsy 0.789%* 0.03
Hypertension  0.204 0.65
Diabetic -0.158 0.735
CRP+ 0.691* 0.025

* Correlation is significant at the 0.05 level (2-tailed)

4. Discussion

The most prevalent neurodegenerative disease in the world, Alzheimer’s disease (AD), is linked to other comorbid conditions. Clinical
and molecular research data indicates that many groups may be more susceptible to AD as a result of chronic illnesses such as diabetes,
heart disease, depression, and inflammatory bowel disease [21]. Furthermore, demonstrated by our research These results were in line
with the theory that one of the main risk factors for AD is age [22]. The prevalence of AD rises with age, reaching an estimated 19% in
those 75-84 years old [23] and thirty to thirty-five and potentially even 50%, in people who are over 85 years old [24]. Therefore, in the
cognitively healthy brain, as one age, the volume and weight of the brain decrease, the ventricles continue to grow, and certain parts of the
brain experience an absence of neurotransmitters and dendrites which is followed by SP and new financial technology [25].

The current study encompasses a balanced male-female cohort, revealing significant biochemical differences between AD patients and
controls. In line with previous studies, our results Table 1 indicate the median age and BMI of AD patients were higher than those of the
control group. Aging is a significant risk factor for AD. An earlier study by [26] found that an elevated range of age and body mass index
(BMI) in this text is associated with an increased risk of Alzheimer’s disease. Additionally, the research advances our knowledge of the
anemia linked to the pathogenesis of Alzheimer’s [26]. According to studies, anemia was present in 6.1% of people and was linked to a 41%
higher risk of AD. Due to variations in cerebral perfusion and white matter integrity, both low and high hemoglobin levels are linked to an
increased risk of dementia, including AD [27].

Studies frequently concentrate on anemia and the lower range of hemoglobin levels, however there are a number of ways in which
having a high hemoglobin level can be harmful or indicative of harmful conditions. First, higher readings in the presence of excess free
iron and functional anemia may result from lysis of erythrocytes. Secondly, erythrocytosis arises as a result of systemic decreases in blood
oxygenation, frequently brought on by heart failure, chronic renal disease, chronic obstructive lung disease, or smoking [28]. Although
all of these are risk factors for dementia, the risk estimates for high hemoglobin were not affected when patients with common causes of
erythrocytosis were excluded from our study. Third, hyperviscosity of the blood may be a risk factor for ischemia, as is commonly observed
in polycythemia vera patients [29].

Our study revealed a significant increase in ESR levels in AD patients compared to healthy controls. Particularly in female patients over
50, we found a strong correlation between ESR and AD. Compared to control patients, female patients with unusually elevated ESR levels
had a 2.31-fold increased risk of acquiring AD within a year after the lab test. This suggests that ESR is a risk factor for AD and might be
examined in a prospective study to determine the prognosis of AD [30]. Although the very small sample size of the prior study prevented it
from reaching significance, it did show an increasing trend for ESR in AD females [31]. Furthermore, we discovered that the elevated ESR
in female patients with AD remains, indicating a potential involvement of inflammation in the etiology of AD [32], but we cannot completely
rule out the possibility that its rise is attributable to AD medication.

The results of this research demonstrated that patients’ (urea and creatinine) levels were significantly higher than those compared
to the healthier category. It is acknowledged that there is a relationship between brain activity and renal function. Clinical research has
shown that individuals with chronic kidney disease (CKD) are more likely to have cognitive impairment and Alzheimer’s disease (AD) [33].
Consequently, it’s possible that AD and CKD have similar risk factors and underlying mechanisms [21]. Undoubtedly, a number of risk
factors are associated with both chronic kidney disease (CKD) and Alzheimer’s disease (AD), including advanced age (>60 years), family
history, lifestyle variables (such as poor food, smoking, and excessive alcohol use), and exposure to certain chemicals [34, 35].

Liver function is evaluated by measuring the levels of biochemical markers in peripheral blood, such as alkaline phosphatase, alanine
aminotransferase (ALT), and aspartate aminotransferase (AST). Liver damage is measured in routine clinical practice using AST and alanine
aminotransferase (ALT) [36, 37]. and are elements linked to metabolic and cardiovascular illnesses [38, 39], established risk factors for
dementia and Alzheimer’s [40, 41].

Two potential processes, even the precise ones are still unknown, could account for the changed enzyme levels in AD. Reduced ALT
levels first result in less pyruvate, which is needed for the liver’s process of gluconeogenesis, which produces glucose, which is then dispersed
throughout the body’s tissues as an energy source [42], therefore affecting the equilibrium of energy. Second, changed levels of ALT and AST
may have an impact on glutamate, a central nervous system excitatory neurotransmitter that is crucial for memory and synaptic transmission
[43].

Higher alkaline phosphatase levels were found in AD patients, and there was a negative correlation between memory and aging and
cognition [44]. In the liver, kidneys, and brain endothelial cells, alkaline phosphatase is an enzyme that is predominantly expressed [45].
Through its contribution to y-aminobutyric acid metabolism, the neuronal form of alkaline phosphatase plays a role in activity-dependent
cortical processes and developmental plasticity [46]. alterations in alkaline phosphatase plasma levels can result from damage to the central
nervous system [47]. The damaging and toxic effects of electronic hookah vapours can worsen oxidative stress, particularly on liver tissue,
and increase the likelihood of liver disease development over time [48].

Additionally, this study exhibited elevated GFAP levels in AD patients. The results aligned with the research conducted by [26, 49],
which indicated a substantial difference in blood GFAP levels between those with Alzheimer’s disease and the control group [26, 49]. One
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indicator of astrogliosis is glial fibrillary acidic protein (GFAP). There have been reports of increased postmortem levels in AD patients’
brains and AD patients’ CSF [50, 51]. In a study of older persons who were cognitively normal, [52] discovered that GFAP was linked to a
higher risk of dementia and a quicker rate of cognitive deterioration. Based on these findings, they concluded that GFAP has the potential
to be a predictive blood-based biomarker for AD [52]. A different recent study found that individuals with early stages of AD had higher
plasma GFAP levels, which may indicate that astrocytic reactivity or damage begins during the preclinical stage of AD [53].

Alzheimer’s disease can result from irreversible cerebrovascular injury caused by hypertension (HT), which alters the structure and
function of the cerebral microcirculation [54]. Similar to several neurodegenerative diseases and brain ischemia, hypertension causes a state
of brain damage that increases GFAP expression and production. In addition to causing cerebrovascular alterations, cerebral hypertension
can also result in dementia, neurodegeneration, and brain injury (vascular dementia) [55]. According to the research, GFAP may be involved
in the early stages of cardiac hypertrophy in hypertension, although there appears to be more to this action than just blood pressure [56].

Also, the moderate ROC AUC (0.893) for GFAP levels suggests that this biomarker could be useful in distinguishing AD patients
from healthy controls, offering a moderate discriminatory potential. Moreover, a positive correlation was found between GFAP and (ESR,
Creatinine, ALP, gender, Epilepsy, and CRP+) in AD patients. The results indicate that there may be a confounding effect on plasma
concentrations, such as lower kidney function leading to somewhat higher biomarker concentrations, particularly for GFAP, as the creatinine
level was positively correlated with GFAP levels. This could explain the association between plasma biomarker concentrations and creatinine
[57].

Women have been found to have greater amounts of GFAP in several studies [58, 59], and our investigation confirmed these findings.
Sex hormones may be linked to neuroinflammation and the astrocyte response [60], which in turn may be linked to GFAP levels [61]. The
serum GFAP level is a new diagnostic tool that can be used to distinguish between psychogenic attacks and epileptic seizures [62].

Previous studies have demonstrated a correlation between an elevated blood C-reactive protein (CRP) and an increased risk of Alzheimer’s
disease (AD) [63]. Systemic inflammation is caused by chemicals or injuries that trigger the production of CRP, a protein whose levels
rise with age [64]. Age-related macular degeneration, post-stroke inflammation, and cardiovascular disease are among the chronic diseases
linked to aging that have been linked to CRP etiology [65-67].

Type 2 diabetes and cardiovascular disease, two conditions that are linked to an increased risk of Alzheimer’s disease, have been
connected to peripheral chronic inflammation [68]. Age-related GFAP overexpression and release from aged astrocytes occur when oxidative
stress and persistent low-grade inflammation cause astrocytes to become reactive [69].

These findings underscore the role of GFAP and ESR in the pathophysiology of AD and related Comorbidities disorders, suggesting that
targeting these cells and their signaling pathways could provide new therapeutic avenues. In summary, the study found that GFAP levels in
AD patients are significantly correlated with, ESR, creatinine, and ALP levels, as well as correlated with female gender and CRP levels,
suggesting potential pathways through which GFAP may influence or reflect AD pathology.

5. Conclusion

In conclusion, our findings support the notion that AD is a multifaceted condition influenced by various factors, including age, gender, BMI,
and metabolic health. The correlated GFAP and ESR levels in AD patients showed the potential connection of risk factors for AD and how
they may be related to inflammatory mechanisms. GFAP levels were higher in AD individuals with reduced renal function. In clinical
translation, kidney function should be taken into account since it may have an impact on the precision of blood biomarkers associated with
dementia.

Furthermore, increased GFAP and ALP serum levels can be used as suitable biomarkers for the diagnosis of AD disease progression and
may partly reflect neuronal loss. However, further research is needed to understand the mechanisms linking these circulating biomarkers to
AD.
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