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INTRODUCTION
Alzheimer’s disease (AD), which emerges with advancing age, 
is a progressive neurodegenerative disorder characterized 
by memory loss and cognitive decline.1 The disease was 
first described by Dr. Alois Alzheimer in 1906.2 Changes in 
brain biomarker levels can be detected years before clinical 
symptoms appear.3

The pathophysiology of AD involves complex mechanisms at 
the genetic, molecular, and cellular levels, and interacts with 

both the central and peripheral immune systems.4 According to 
the World Health Organization, AD accounts for approximately 
60–70% of dementia cases and affects around 55 million 
people worldwide.5 The disease ranks among the leading 
causes of death in elderly populations, particularly in developed 
countries.1 

The AT(N) classification system, proposed by the National 
Institute on Aging and the Alzheimer’s Association in 2018, 
defines AD based on biomarkers, categorizing disease stages 
according to amyloid (A), tau (T), and neurodegeneration (N) 

1Ankara University, Graduate School of Health Sciences, Ankara, Türkiye
2Ankara University Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Ankara, Türkiye

 Nejla Yıldırım1,  Naile Merve Güven Aksu1,2,  Başak Özlem Perk1,  Benay Can Eke2*

Plasma Concentrations of Amyloid-β Peptides, 
BACE-1, and Tau Proteins in Alzheimer’s Disease

ABSTRACT

Objectives: The aim of this study was to compare, using ELISA, plasma levels of amyloid beta (Aβ)40, Aβ42, beta-site amyloid precursor 
protein cleaving enzyme 1 (BACE-1), total tau (t-tau), and phosphorylated tau (p-tau), as well as the Aβ42/Aβ40 ratio, between patients with 
Alzheimer’s disease (AD) and healthy controls, and to evaluate their diagnostic performance in relation to demographic and lifestyle factors.
Materials and Methods: This study is a single-center, cross-sectional, case-control study. Twenty-four individuals diagnosed with AD and 37 
healthy volunteers included in the study. Alongside the analysis of plasma samples obtained from the participants, demographic data were 
analyzed to assess the potential influence of lifestyle and environmental factors on disease development.
Results: Analysis of the case data showed that increasing age was a risk factor for AD, higher education level was associated with an 
increased risk of AD, and tea consumption was inversely associated with AD. While age is a well-known risk factor, both the increased risk 
of AD associated with higher education and the relatively protective effect of tea consumption against AD are supported by the literature. 
Evaluation of the levels of Aβ40, Aβ42, BACE-1, t-tau, and p-tau and of the Aβ42/Aβ40 ratio revealed no significant differences between the 
patient and control groups. Additionally, Aβ40, Aβ42, BACE-1 showed correlations in both the control and Alzheimer’s groups, whereas t-tau 
did not.
Conclusion: None of the investigated plasma biomarkers (Aβ40, Aβ42, BACE-1, t-tau, p-tau, and the Aβ42/Aβ40 ratio) discriminated 
Alzheimer’s patients from healthy controls, with all receiver operating characteristic area under the curve values below 0.62. These findings 
indicate that in this cohort, plasma levels of these individual markers did not provide diagnostic value; larger longitudinal studies including 
cerebrospinal fluid comparisons and multi-marker panels are needed.
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markers. Recently, plasma-based biomarkers have shown 
promising diagnostic potential.6

AD can be divided into two groups according to age of onset: 
early-onset (<65 years) and late-onset (≥65 years). Early-
onset AD is associated with genetic mutations in the Presenilin 
1, Presenilin 2, and amyloid precursor protein (APP) genes, 
whereas late-onset AD is linked to the APOE ε4 allele. Clinical 
staging categorizes patients into three groups: cognitively 
normal, mild cognitive impairment, and dementia.5

Various hypotheses have been proposed to explain the 
neuropathological basis of AD. The most widely recognized 
hypothesis is the amyloid cascade hypothesis, in which 
cleavage of the APP by beta-site amyloid precursor protein 
cleaving enzyme 1 (BACE-1) follows the amyloidogenic pathway 
to produce Aβ peptides, mainly Aβ40 and Aβ42. The Aβ42 
isoform, considered the most toxic, leads to neuronal loss 
through accumulation of plaques, oligomers, and fibrils.7

The second important mechanism underlying AD’s formation 
is tau pathology, which involves hyperphosphorylation of 
the microtubule-stabilizing tau protein and results in the 
formation of neurofibrillary tangles that contribute to neuronal 
degeneration. There is a synergistic interaction between tau 
and Aβ pathologies, with Aβ promoting mechanisms that trigger 
tau’s conversion into its toxic form.8

Glutamate-mediated excitotoxicity, driven by excessive 
activation of NMDA receptors, causes intracellular calcium 
accumulation, leading to neuronal death and plays a role in AD 
pathogenesis.9

The initial breakthrough in understanding AD came in the 
1970s with the demonstration of deficiencies in choline 
acetyltransferase activity in the brains of Alzheimer’s patients, 
which were attributed to cholinergic deficits. Recognition 
of acetylcholine’s role in memory and learning led to the 
cholinergic hypothesis of AD, which inspired therapeutic 
strategies aimed at enhancing cholinergic function. Cholinergic 
depletion is considered a late feature of the neurodegenerative 
cascade.10

In AD development, non-modifiable risk factors include 
age, genetic predisposition, sex, and Down syndrome, while 
modifiable risk factors encompass educational level, marital 
status, cognitive stimulation, history of head trauma, lifestyle 
factors (alcohol and tobacco use), metabolic disorders (type 
II diabetes, dyslipidemia, obesity, cerebrovascular diseases, 
hypertension), immunological and inflammatory factors, 
pathogenic infections, metal exposure, and pesticides. 
Additionally, factors that negatively impact quality of life, such 
as stress, depression, and insufficient sleep, have been shown 
in case-control studies to significantly influence AD risk.11,12

In this study, quantitative measurements of disease-associated 
proteins in plasma samples from patients with AD and healthy 
controls were performed using ELISA. Correlation analyses 
among these proteins were conducted to evaluate the diagnostic 
potential of plasma-based biomarkers.

MATERIALS AND METHODS
This was a single-center, cross-sectional case-control study 
comparing plasma biomarker concentrations between clinically 
diagnosed AD patients and cognitively healthy controls, who 
were recruited over the same study period.

This study was approved by the Ethics Committee on Ankara 
University (decision no: İ3-148-20, date: 12.10.2020).

A total of 24 patients aged 65 and older diagnosed with AD by 
specialist clinicians in fully equipped hospitals were included in 
the study; the group comprised 5 males (21%) and 19 females 
(79%). Diagnoses were established based on the criteria of the 
National Institute of Neurological and Communicative Disorders 
and Stroke and the Alzheimer’s Disease and Related Disorders 
Association and on clinical interviews using the Structured 
Clinical Interview for Diagnostic and Statistical Manual of Mental 
Disorders, fourth edition (DSM-IV) axis I disorders, conducted 
in accordance with the DSM-IV of the American Psychiatric 
Association. The diagnosis of AD was definitively confirmed 
through review of patient records, including official diagnostic 
reports, and, when necessary, by contacting the institutions that 
issued the reports or the diagnosing specialists. Only patients 
with confirmed diagnoses were included in the study.

Legal guardians of the patients were informed about the study, 
and written consent was obtained. The patient group consisted 
of residents of a nursing home who had been diagnosed with 
AD by specialized physicians at fully equipped hospitals.

The control group included 37 individuals aged 65 and older, 
comprising 18 males (49%) and 19 females (51%), all of whom 
had no diagnosis of AD or other forms of dementia or cognitive 
impairment. Informed consent was obtained from all control 
participants, who were recruited from hospitals and health 
centers.

Exclusion criteria for both groups included individuals 
under 65 years of age; those for whom blood sampling was 
contraindicated due to coagulation disorders or anemia; 
individuals diagnosed with other types of dementia; and 
those with significant comorbidities (e.g., cancer) that could 
potentially affect the results.

Blood sample collection and plasma preparation

Venous blood samples (10 mL) were collected from all volunteers 
into tubes containing ethylenediaminetetraacetic acid.

Samples from both patient and control groups were centrifuged 
at 2500 rpm for 10 minutes to separate plasma.

Plasma samples were stored at -80 °C. Before analysis, 
samples were brought to room temperature, and analyses were 
performed according to the kit instructions. The plasma samples 
were thawed at room temperature on the day of analysis. To 
avoid the impact of multiple freeze–thaw cycles, only aliquots 
that had not been previously thawed were used in this study.

Concentrations of Aβ40, Aβ42, BACE-1, total tau (t-tau), and 
phosphorylated tau (p-tau) in plasma were measured and 
evaluated using ELISA.
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The following ELISA kits and equipment were used in this study: 

Nepenthe human β-site APP cleaving enzyme 1 ELISA kit 
(catalog number: NE010080201, production site: Gebze-
Kocaeli/Türkiye)

Nepenthe human t-tau proteins ELISA kit (catalog number: 
NE010133301, production site: Gebze-Kocaeli/Türkiye)

Assay genie human phospho tau (P181) ELISA Kit (catalog 
number: HUFI03189

Nepenthe human amyloid beta peptide 1-42 ELISA kit (catalog 
number: NE010126401, production site: Gebze-Kocaeli/Türkiye)

Nepenthe human amyloid beta peptide 1-42 ELISA kit (catalog 
number: NE010123001, production site: Gebze-Kocaeli/
Türkiye), and a microplate reader equipped with a 450 ± 10 
nm wavelength filter. Analyses were performed in duplicate. 
Laboratory personnel were blinded.

Preparation of kits

Each kit was prepared and used according to the manufacturer’s 
instructions.

Demographic data

Relationships between AD and various demographic factors, 
including patient age, education level, employment history, 
comorbidities, medication use, history of head trauma, smoking 
and alcohol consumption, frequency of tea and coffee intake, 
dietary habits, frequency of exercise, disease stage, family 
history of Alzheimer’s, and place of residence were evaluated.

Statistical analysis

The distribution of continuous variables and the homogeneity of 
variances were assessed using the Shapiro–Wilk and Levene’s 
tests, respectively. As the assumptions of parametric tests 
were not met, continuous variables were summarized using the 
median (25th–75th percentiles) and compared between groups 
using the Mann–Whitney U test. Correlations among continuous 
variables were assessed using Spearman’s rank correlation 
coefficient. Categorical variables were presented as counts and 
percentages and compared using the continuity-corrected χ2 
test, Fisher’s exact test, or the Fisher–Freeman–Halton test, as 
appropriate for the expected cell frequencies. Where multiple 
pairwise comparisons were performed, a Bonferroni correction 
was applied.

Candidate predictors with univariate p < 0.10 were entered 
into a multivariable logistic regression model. Exercise was 
excluded due to quasi-complete separation, and tea and coffee 
consumption were entered in separate models due to their 
conceptual overlap. Variance inflation factors were calculated 
to assess multicollinearity, and all values remained below 2.5. 
Considering the modest events-per-variable ratio, a sensitivity 
analysis was performed using Firth penalized (bias-reduced) 
logistic regression. The direction, magnitude, and statistical 
significance of all predictors were preserved, supporting the 
stability of the model.

To address the age difference between groups, biomarker 
comparisons were performed using a rank-based ANCOVA. In 
this approach, biomarker values and age were rank-transformed, 
and the biomarker rank was regressed on group with age rank 

as a covariate. This is the non-parametric analogue of an age-
adjusted Mann–Whitney U test and is appropriate for the non-
normal distributions observed in these data.

All analyses were performed using IBM SPSS Statistics version 
25 (IBM Corporation, Armonk, NY, USA). Two-sided p-values 
were considered statistically significant unless otherwise 
specified.

RESULTS
This study demonstrated that the Alzheimer’s and control 
groups were similar in demographic, clinical, and comorbid 
conditions; however, some demographic factors, such as age, 
gender, and education level, may be associated with AD, as 
shown in Table 1.

Association of lifestyle habits with AD

Table 2 shows the lifestyle habits of individuals diagnosed with 
AD (n = 24) compared with those of healthy controls (n = 37).

A statistically significant difference between groups was found 
with respect to smoking history (p = 0.010). While 78.3% of 
the Alzheimer’s group reported never smoking, the rate in the 
control group was 40.5%. Current smokers were found only in 
the control group.

There was no history of alcohol consumption in the Alzheimer’s 
group, whereas 29.7% of controls reported such a history; this 
difference was not statistically significant (p = 0.149). 

A significant difference in coffee consumption between groups 
was observed (p < 0.001). In the Alzheimer’s group, 73.9% 
reported consuming only one cup of coffee daily, whereas in 
the control group consumption was more frequent and varied: 
27% consumed one cup and 21.6% consumed two cups per day.

Tea consumption also differed significantly (p < 0.001) 
between the control and Alzheimer’s groups. While 91.3% of 
the Alzheimer’s group consumed only one cup of tea per day, 
64.9% of the control group consumed three or more cups per 
day.

No significant difference in dietary habits was detected between 
the groups (p = 0.389).

A significant difference in regular exercise habits was found 
(p < 0.001). All individuals in the Alzheimer’s group reported 
engaging in regular exercise during the past year. In contrast, 
40.5% of the control group reported no exercise, while only 
32.4% reported exercising regularly for over one year.

Clinical characteristics specific to the Alzheimer’s group

The disease duration among the 24 individuals diagnosed with 
AD varied (Table 3), with a median of 4 years (range: 0–10 
years). When examining the disease stages, 29.2% were in the 
early stage, 37.5% were in the moderate stage, and 33.3% were 
in the advanced stage.

A family history of Alzheimer’s was present in 12.5% cases. 
Among these, 8.3% reported a similar disease history in their 
spouse, while 4.2% reported it in their sibling. The majority of 
participants (79.2%) had no family history of Alzheimer’s, and 
8.3% did not provide information on this matter.
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Regarding the place of residence prior to diagnosis, most 
individuals with Alzheimer’s (79.2%) lived in urban centers, 
12.5% resided in other settlements, and 8.3% did not specify 
their residence.

Biomarker levels

In Table 4, levels of Aβ40, Aβ42, BACE-1, t-tau, and p-tau were 
compared between individuals with AD and the control group; 
no statistically significant differences were found (p > 0.05).

Aβ40 levels were measured at medians of 1492.00 ng/L 

[interquartile range (IQR): 965.75–1749.50] in the control group 
and 1224.50 ng/L (IQR: 884.63–1818.25) in the Alzheimer’s 
group; the difference was not significant (p = 0.535).

Aβ42 levels were 84.70 ng/L (IQR: 72.20–100.77) in the control 
group and 80.24 ng/L (IQR: 69.75–105.89) in the Alzheimer’s 
group (p = 0.859).

BACE-1 levels were slightly lower in the Alzheimer’s group 
(median 4.41 ng/mL, IQR: 3.95–6.10) than in the control group 
(median 5.19 ng/mL, IQR: 4.30–6.24); however this difference 
was not statistically significant (p = 0.226).

Table 1. Demographic and clinical characteristics of cases by 
groups.

Characteristic
Control 
(n = 37)

Alzheimer 
(n = 24)

p-value

Age (years)* 70.0 (66.0–75.0) 83.0 (73.5–88.0) <0.001a

Gender 0.055b

- Female 19 (51.4%) 19 (79.2%)

- Male 18 (48.6%) 5 (20.8%)

Education level 0.074c

- Illiterate 7 (20.0%) 1 (4.2%)

- Primary school 14 (40.0%) 7 (29.2%)

- Middle school 3 (8.6%) 2 (8.3%)

- High school 2 (5.7%) 7 (29.2%)

- Associate degree 0 (0.0%) 1 (4.2%)

- Bachelor’s degree 9 (25.7%) 6 (25.0%)

Work history 0.938b

- No 13 (37.1%) 10 (41.7%)

- Yes 22 (62.9%) 14 (58.3%)

Comorbidities

- Hypertension 14 (37.8%) 14 (58.3%) 0.191b

- Heart diseases 20 (54.1%) 8 (33.3%) 0.186b

- Diabetes mellitus 10 (27.0%) 6 (25.0%) >0.999b

- Hyperlipidemia 3 (8.1%) 3 (12.5%) 0.672d

- COPD 5 (13.5%) 1 (4.2%) 0.388d

- Asthma 4 (10.8%) 0 (0.0%) 0.147d

Medication use 0.635b

- None 3 (8.8%) 1 (4.2%)

- Yes 31 (91.2%) 23 (95.8%)

History of head 
trauma

5 (13.5%) 0 (0.0%) 0.146d

*Descriptive statistics are expressed as median (25th percentile–75th 
percentile)
aMann–Whitney U test; bContinuity corrected χ2 test; cFisher–Freeman–Halton 
test; dFisher’s exact test; COPD, chronic obstructive pulmonary disease.

Table 2. Frequency distribution of smoking and alcohol history, 
tea and coffee consumption, dietary, and exercise habits by 
groups.

Variable
Control 
(n=37)

Alzheimer 
(n=24)

p-value

Smoking history 0.010a

- Never 15 (40.5%)A 18 (78.3%)A

- Former smoker 18 (48.6%) 5 (21.7%)

- Current smoker 4 (10.8%) 0 (0.0%)

Alcohol history 0.149b

- None 32 (88.9%) 23 (100%)

- Yes 4 (11.1%) 0 (0.0%)

Coffee consumption <0.001a

- None 8 (21.6%) 5 (21.7%)

- Occasionally 14 (37.8%)B 1 (4.3%)B

- 1 cup/day 10 (27.0%)C 17 (73.9%)C

- 2 cups/day 5 (13.5%) 0 (0.0%)

Tea drinking habit <0.001a

- None 1 (2.7%) 0 (0.0%)

- 1 cup/day 3 (8.1%)C 21 (91.3%)C

- 2 cups/day 9 (24.3%) 2 (8.7%)

- ≥3 cups/day 24 (64.9%C 0 (0.0%)C

Dietary habit 0.389a

- Vegetable-based 22 (61.1%) 12 (52.2%)

- Meat-based 11 (30.6%) 6 (26.1%)

- Balanced 3 (8.3%) 5 (21.7%)

Regular exercise <0.001a

- No 15 (40.5%)A 0 (0.0%)ᴬ

- <1 year 8 (21.6%)C 12 (100%)C

- 1 year 2 (5.4%) 0 (0.0%)

- >1 year 12 (32.4%)D 0 (0.0%)D

aFisher–Freeman–Halton test; bFisher’s exact test. 
ASignificant difference between groups (p = 0.010); BSignificant difference 
(p = 0.009); CSignificant difference (p < 0.001); DSignificant difference 
(p = 0.024).
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T-tau levels were measured at 197.38 ng/L (IQR: 177.38–324.39) 
in the Alzheimer’s group and 261.44 ng/L (IQR: 195.32–323.51) 
in the control group, with no significant difference (p = 0.138).

P-tau  levels were 29.49 pg/mL (IQR: 15.33–59.12) in the 
Alzheimer’s group and 25.38 pg/mL (IQR: 14.62–52.18) in the 
control group (p = 0.585).

The Aβ42/Aβ40 ratio was calculated for each participant and 
compared between groups. The median (IQR) ratio was 0.064 
(0.051–0.084) in the control group and 0.070 (0.058–0.088) 
in the Alzheimer’s group;  this difference was not statistically 
significant (Mann–Whitney U, p = 0.159).

Receiver operating characteristic (ROC) analysis results

The discriminatory ability of biomarkers to distinguish 
Alzheimer’s patients from the control group (Table 5) was 

evaluated using ROC analysis. The area under the curve (AUC) 
values and 95% confidence intervals (CIs) obtained from the 
ROC analysis are presented below:

The AUC value for Aβ40 (0.547; 95% CI: 0.398–0.697) was not 
significant for diagnostic discrimination (p = 0.535).

The Aβ42 AUC was 0.514 (95% CI: 0.363–0.664), indicating 
weak, not statistically significant discriminatory power (p = 
0.859).

The AUC for BACE-1 level was 0.592 (95% CI: 0.440–0.745), 
which did not reach statistical significance (p = 0.226).

T-tau showed an AUC of 0.613 (95% CI: 0.458–0.768), 
demonstrating limited diagnostic discrimination (p = 0.138).

The AUC value for p-tau was 0.542 (95% CI: 0.392–0.691), 
indicating poor diagnostic discrimination (p = 0.585).

ROC analysis yielded an AUC of 0.608 (95% CI 0.469–0.744; 
p = 0.159); the 95% CI included the chance line. The direction 
of the numerical difference was opposite to that commonly 
reported in the literature, in which a decreased plasma Aβ42/
Aβ40 ratio is expected in AD. This discordance is addressed in 
the discussion.

None of the biomarkers showed strong discrimination for the 
diagnosis of AD; their AUC values were not significantly high.

Multivariable logistic regression analysis results

In the multivariable logistic regression analysis, as shown in 
Table 6, factors potentially effective in distinguishing between 
control and Alzheimer’s groups were evaluated simultaneously. 
Age, education level, and tea consumption habits were found to 
be statistically significant.

Age showed a significant positive association with Alzheimer’s 
diagnosis (OR=1,256; 95% CI: 1,027–1,536; p=0,026). Each 
additional year of age increased the odds of an  Alzheimer’s 
diagnosis by approximately 25%.

Education level was significantly associated with Alzheimer’s 
[odds ratio (OR) = 2.101; 95% CI: 1.050–4.202; p = 0.036]. Higher 
educational attainment was associated with an increased risk 
of an Alzheimer’s diagnosis.

Tea- drinking habit was inversely and significantly associated 
with AD (OR = 0.094; 95% CI: 0.020–0.452; p = 0.003). This 
finding indicates that individuals who consume tea have a lower 
likelihood of being diagnosed with AD.

Table 3. Other clinical findings of cases in the Alzheimer’s 
group.

Variable n = 24

Disease duration (years)* 4 (0–10)

Disease stage

- Early 7 (29.2%)

- Moderate 9 (37.5%)

- Advanced 8 (33.3%)

Family history of Alzheimer’s

- No 19 (79.2%)

- Yes 3 (12.5%)

- Not specified 2 (8.3%)

If yes, relationship

- Spouse 2 (8.3%)

- Sibling 1 (4.2%)

Place of residence before diagnosis

- Urban 19 (79.2%)

- Other 3 (12.5%)

- Not specified 2 (8.3%)

*Descriptive statistics are presented as median (minimum-maximum) values.

Table 4. Protein levels in control and Alzheimer’s groups.

Biomarker Control (n = 37) (median, IQR) Alzheimer (n = 24) (median, IQR) p-valuea

Aβ40 (ng/L) 1492.00 (965.75–1749.50) 1224.50 (884.63–1818.25) 0.535

Aβ42 (ng/L) 84.70 (72.20–100.77) 80.24 (69.75–105.89) 0.859

BACE-1 (ng/mL) 5.19 (4.30–6.24) 4.41 (3.95–6.10) 0.226

t-tau (ng/L) 261.44 (195.32–323.51) 197.38 (177.38–324.39) 0.138

p-tau (pg/mL) 25.38 (14.62–52.18) 29.49 (15.33–59.12) 0.585

Aβ42/Aβ40 ratio 0.064 (0.051–0.084)	 0.070 (0.058–0.088) 0.159

ᵃMann-Whitney U test; IQR, interquartile range; BACE-1, beta-site amyloid precursor protein cleaving enzyme 1; t-tau, total tau; p-tau, phosphorylated tau.
Descriptive statistics are presented as median (25th-75th percentile).
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However, female sex (OR = 2.021; p = 0.704) and a history 
of smoking (OR = 0.404; p = 0.528) were not significantly 
associated with Alzheimer’s diagnosis.

Correlation analysis among proteins

Spearman correlation analysis was performed on all participants 
in the study group (n = 61) to evaluate the relationships among 
Aβ40, Aβ42, BACE-1, t-tau, and p-tau protein levels (Table 7).

Aβ40 levels showed statistically significant positive correlations 
with Aβ42 (r = 0.640; p < 0.001), BACE-1 (r = 0.543; p < 0.001), 

and t-tau (r = 0.695; p < 0.001).

No significant correlation was found between Aβ40 and p-tau 
levels (r = 0.084; p = 0,518).

Aβ42 exhibited strong positive correlations with BACE-1 (r 
= 0.696; p < 0.001) and t-tau (r = 0.775; p < 0.001), while its 
correlation with p-tau was weak and statistically non-significant 
(r = 0.120; p = 0.355).

BACE-1 showed a strong and statistically significant correlation 
with t-tau (r = 0.798; p < 0.001), but no significant correlation 
with p-tau (r = 0.080; p = 0.542).

The correlation coefficient between t-tau and p-tau levels 
was near zero (r = 0.001; p = 0.999), indicating no statistically 
significant relationship between these variables.

DISCUSSION
The primary aim of this study was to investigate Aβ40, Aβ42, 
BACE-1, t-tau, and p-tau levels in patients with AD and healthy 
controls; however, no statistically significant differences were 
detected between the groups. Although Aβ40 and Aβ42 levels 
showed the expected decreasing trend in the Alzheimer’s 
group, these differences did not reach statistical significance.13

BACE-1 levels were lower in the AD group. BACE-1 is an 
important enzyme involved in the conversion of APP to Aβ 
peptides; some studies have reported increased activity of this 
enzyme in AD.14

The lower BACE-1 levels observed in this study may be due 
to variability related to sample size or biological differences 
among individuals. Analysis of tau protein showed that t-tau 
levels were higher in the control group. Generally, t-tau and 
p-tau levels are expected to increase in AD due to neuronal 
damage. However, p-tau levels did not differ significantly 
between groups in this study. This may be explained by disease 
stage heterogeneity, timing of biomarker measurement, or the 
evaluation of plasma rather than cerebrospinal fluid (CSF) 
levels.15

In this study, the measured biomarkers did not differ significantly 
between the Alzheimer’s and control groups. These findings 
indicate the limited diagnostic value of current biomarkers and 
highlight the need for larger-scale longitudinal studies including 
CSF/plasma correlation analyses.

The discriminative power of Aβ40, Aβ42, BACE-1, t-tau, and 
p-tau levels in the diagnosis of AD, as well as the Aβ42/Aβ40 
ratio, was evaluated using ROC analysis. The AUC values for 
all biomarkers were below 0.6 (AUC of Aβ42/Aβ40 ratio was 
0.608 and AUC of t-tau is 0.613 these results do not demonstrate 
a significant discriminatory performance). Generally, tests with 
AUC values close to 0.5 have only chance-level discriminatory 
ability. Specifically, the AUC values for Aβ42 and Aβ40 were 
0.514 and 0.547, respectively, indicating insufficient diagnostic 
value to distinguish AD. Although BACE-1 had a relatively 
higher AUC of 0.592 compared with other biomarkers, it did not 
reach statistical significance. The highest AUC was observed 
for t-tau at 0.613; however, the CI was wide, and statistical 
significance was not achieved. This suggests that t-tau alone 

Table 5. ROC analysis results of protein measurements for 
differentiating control and Alzheimer’s groups.

Biomarker AUC 95% CI p-value

Aβ40 (ng/L) 0.547 0.398–0.697 0.535

Aβ42 (ng/L) 0.514 0.363–0.664 0.859

BACE-1 (ng/mL) 0.592 0.440–0.745 0.226

t-tau (ng/L) 0.613 0.458–0.768 0.138

p-tau (pg/mL) 0.542 0.392–0.691 0.585

Aβ42/Aβ40 0.608 0.469–0.744 0.159

ROC, receiver operating characteristic; AUC, area under the curve; CI, 
confidence interval; BACE-1, beta-site amyloid precursor protein cleaving 
enzyme 1; t-tau, total tau; p-tau, phosphorylated tau.

Table 6. Multivariable logistic regression analysis results: 
investigating the combined effects of potential predictors in 
differentiating control and Alzheimer’s groups.

Variable OR 95% CI Wald p-value

Age 1.256 1.027–1.536 4.929 0.026

Female sex factor 2.021 0.053–76.636 0.144 0.704

Education level 2.101 1.050–4.202 4.404 0.036

Smoking history 0.404 0.024–6.756 0.398 0.528

Tea drinking habit 0.094 0.020–0.452 8.721 0.003

OR, odds ratio; CI, confidence interval.

Table 7. Correlation coefficients and significance levels among 
protein measurements in all subjects.

Aβ42 BACE-1 t-tau p-tau

Aβ40 0.640 0.543 0.695 0.084

p-valuea <0.001 <0.001 <0.001 0.518

Aβ42 0.696 0.775 0.120

p-valuea <0.001 <0.001 0.355

BACE-1 0.798 0.080

p-valuea <0.001 0.542

t-tau 0.001

p-valuea 0.999
aSpearman’s rank correlation test was used; BACE-1, beta-site amyloid 
precursor protein cleaving enzyme 1; t-tau, total tau; p-tau, phosphorylated 
tau.
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is inadequate for diagnosis and should be evaluated alongside 
other parameters. P-tau also demonstrated poor discriminatory 
ability, with an AUC of 0.542.

The plasma Aβ42/Aβ40 ratio did not differ significantly between 
AD patients and controls, and its direction of effect was 
opposite to that observed in larger cohorts using ultrasensitive 
plasma assays. This observation should be interpreted with 
caution: conventional ELISA has limited sensitivity at the low 
plasma Aβ42 concentrations present in peripheral blood, and 
the performance of the ratio in plasma has been shown to 
depend strongly on the analytical platform used. Our null and 
directionally reversed finding should not, therefore, be taken 
as evidence against the utility of the ratio; rather, it supports 
the need for larger, prospectively designed studies using 
ultrasensitive platforms (e.g., Simoa, IP-MS) to establish the 
diagnostic value of this ratio.

Finally, correlations among Aβ40, Aβ42, BACE-1, t-tau, and 
p-tau protein levels were investigated, revealing positive 
associations among some biomarkers.

The high correlation coefficients observed between Aβ40-
Aβ42, Aβ42-BACE-1, and BACE-1-t-tau suggest that these 
proteins participate in shared biological processes underlying 
the pathophysiology of AD. The correlation between Aβ peptides, 
which are generated by cleavage of APP, and BACE-1, which 
plays a key role in this process, supports the interconnected 
nature of these biochemical pathways.16

Similarly, the significant correlations detected between Aβ 
peptide levels and t-tau indicate that amyloid accumulation may 
be associated with neuronal degeneration. These findings imply 
that AD could be conceptualized as a spectrum involving both 
amyloid and tau pathologies.17

In contrast, the lack of significant correlations between p-tau 
levels and other proteins is noteworthy. Notably, the absence 
of a correlation between t-tau and p-tau suggests that these 
two markers may reflect distinct pathological processes. The 
formation of p-tau via hyperphosphorylation may represent 
a regulatory mechanism independent of t-tau levels. Overall, 
the correlation analyses reveal substantial interactions 
among Alzheimer’s biomarkers but also indicate that certain 
markers, such as p-tau, may behave more independently. This 
underscores the importance of carefully selecting combinations 
of diagnostic and prognostic biomarkers.18

The use of ELISA kits from different manufacturers to assess 
distinct biomarkers represents a methodological limitation of 
the present study. Using a particular kit for p-tau measurement, 
while other brand kits were used for the remaining analytes, 
may increase the risk of inter-assay variability due to 
differences in calibration standards, assay sensitivity, and 
potential cross-reactivity between platforms. This may limit 
the direct comparability of absolute biomarker concentrations 
across assays. Therefore, the results should be interpreted 
with consideration of this methodological heterogeneity.

The central finding of this study is that none of the five plasma 
biomarkers (Aβ40, Aβ42, BACE-1, t-tau, p-tau) nor the Aβ42/
Aβ40 ratio showed a statistically significant difference 

between AD patients and healthy controls. ROC analyses 
yielded AUC values between 0.51 and 0.61, and all 95% CIs 
included the chance line (AUC = 0.50). These results should 
not be interpreted as marginal or promising; the rank-biserial 
effect sizes were uniformly small (r ≤ 0.19), indicating that 
the underlying group separation on these plasma measures 
was limited in magnitude, even in the absence of statistical 
significance.

Large-scale studies conducted worldwide have shown that the 
plasma Aβ42/Aβ40 ratio correlates with CSF biomarkers and 
neuroimaging biomarkers in early-stage AD.19

Although there is general consensus regarding the association 
of CSF Aβ levels with AD, studies evaluating peripheral Aβ 
biomarkers in plasma have shown conflicting results. Some 
studies have reported no relationship between plasma Aβ 
levels and AD,20-22 while others have revealed relationships in 
opposite directions.23 However, recent studies involving well-
characterized large participant populations have shown that a 
lower plasma Aβ42/40 ratio is consistently associated with an 
increased risk of incident AD.24-26

Although CSF analysis and positron emission tomography 
imaging are widely utilized in the diagnosis of AD and are 
considered highly accurate, these methods have certain 
limitations. For instance, they may impose a substantial 
economic burden, involve invasive procedures, and require 
complex organization. Therefore, the aim in both the present 
study and similar studies conducted worldwide is to develop 
approaches that enable early diagnosis of AD using plasma-
based biomarkers.

In this study, multivariate analysis identified age and educational 
level as significant predictors of AD. The marked increase in 
the likelihood of receiving an AD diagnosis with advancing age 
reflects the strong association between the disease and age-
related neurodegenerative processes, consistent with findings 
frequently reported in the literature.

The findings of this study revealed that the risk of AD increases 
with higher educational attainment. However, the literature 
suggests that increased education strengthens “cognitive 
reserve”, thereby reducing the risk of AD.27 The divergent 
finding observed in our study may be attributable to changes 
in working conditions associated with higher education, 
increased exposure to stressors, a sedentary lifestyle, and the 
adverse effects of urbanization. Moreover, improved access to 
healthcare services among individuals with higher educational 
levels, leading to more frequent diagnosis of AD, may represent 
another possible explanation.28

The strong association between age and AD is consistent 
with existing literature showing that AD risk increases with 
advancing age. Although female sex is known as a risk factor 
for AD,29,30 the lack of statistically meaningful results regarding 
sex differences in our study is understandable due to the 
uneven distribution of genders in the Alzheimer’s group (19 
females vs. 5 males).

Further studies are needed to clarify the impact of comorbidities 
and a history of head trauma on AD.31
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The significantly lower smoking rate in the Alzheimer’s group, 
compared to controls, may be related to lifestyle changes 
associated with disease progression, such as reduced ability to 
live independently and increased supervision. It is also possible 
that smoking cessation or a forgotten smoking history among 
AD patients contributed to this finding. The effects of smoking 
on AD have long been debated because nicotine’s potentially 
protective effects may be offset by the harmful effects of the 
many toxic chemicals in tobacco.32

Alcohol consumption history was not obtained for the 
Alzheimer’s group, possibly due to caregiver-imposed 
restrictions or the patients’ inability to recall previous habits. 
Although a higher rate of alcohol use was noted in the control 
group, this difference was not statistically significant. Moreover, 
the role of alcohol in AD risk remains controversial, depending 
on the quantity and type of alcohol consumed.33

A statistically significant difference was found between groups 
in coffee consumption (p < 0.001). This difference may be 
due to fewer participants in the Alzheimer’s group reporting 
occasional coffee consumption (p = 0.009), whereas a higher 
proportion reported consuming one cup daily. Overall, coffee 
consumption was more prevalent in the Alzheimer’s group. 
The cognitive effects of caffeine-containing beverages, such 
as coffee, remain controversial in the literature.34 Larger 
prospective studies are needed to draw firmer conclusions.

One of the most noteworthy findings of this study is the 
protective effect of tea consumption against AD. Individuals who 
consumed tea had significantly lower odds of developing AD. This 
protective association may be explained by antioxidants present 
in tea (e.g., catechins and flavonoids), the neuroprotective 
effects of tea, and the positive influence of caffeine on synaptic 
plasticity.35 However, it should be emphasized that this finding 
represents an association rather than causation. Further 
prospective and biochemically supported studies are required 
to clarify the underlying mechanisms.

While the literature suggests a protective effect of the 
Mediterranean diet on AD,36 no significant difference was 
detected between groups in terms of dietary habits in our study. 
Given the long-term impact of diet on AD risk, it is plausible 
that the Alzheimer’s group’s inability to accurately recall past 
dietary habits influenced this result.

Notably, all individuals in the Alzheimer’s group reported 
engaging in exercise in recent years. However, this may be 
explained by the perception of low-intensity activities, such 
as daily short walks, as “exercise.” In contrast, a significant 
proportion of the control group reported not exercising, which 
warrants careful consideration when interpreting results for 
the Alzheimer’s group. This finding contradicts the majority 
of the literature reporting the protective effects of physical 
exercise on AD.37

Lifestyle variables were collected by self-report or caregiver 
report. In a cohort with documented cognitive impairment, 
these data are susceptible to recall and perception biases (for 
example, daily short walks reported as “regular exercise”), 

which may explain the paradoxical finding that 100% of AD 
patients reported exercising in recent years.

A family history of AD was reported at only 12.5%, suggesting 
a limited genetic predisposition in the sample. However, this 
prevalence may not reflect the true rate due to patients’ inability 
to provide accurate information and to incomplete anamnesis 
obtained from relatives. Although genetic predisposition 
is recognized as a significant risk factor in AD, community-
based studies have also shown that the disease can develop in 
individuals without a family history.38

The high proportion of individuals living in urban centers prior 
to diagnosis (79.2%) suggests potential environmental effects 
of urban living on AD. However, this finding may primarily 
reflect demographic characteristics of the sample, such as 
easier access to healthcare services and a higher likelihood of 
diagnosis in urban areas. Lower diagnosis rates in rural regions 
may be related to limited disease awareness or restricted 
access to healthcare services.39

These findings indicate a heterogeneous nature of AD in terms 
of disease progression, familial history, and environmental 
factors. Supporting these clinical data with larger samples 
and longer follow-up periods will contribute to a better 
understanding of individual and environmental determinants of 
the disease. 

Study limitations

This study has certain limitations. First, the sample size was 
relatively small (a total of 61 participants: 24 patients with AD 
and 37 healthy controls), which may limit the statistical power 
and generalizability of the findings. Obtaining the required 
sample from patients is ethically constrained, resulting in 
“disease stage heterogeneity” within the patient group. As a 
single-center study, it does not allow comparisons across 
different geographical regions or sociocultural backgrounds. 
The cross-sectional design further restricts the ability to 
establish causal relationships. Moreover, potential confounding 
variables such as lifestyle factors, dietary habits, and genetic 
predispositions could not be fully controlled. Given the limited 
number of studies measuring the proteins investigated in our 
study using ELISA with different commercial kits, the extent to 
which inter-assay (kit/brand-related) variability may influence 
the comparability of results remains uncertain, and the results 
should therefore be interpreted with caution.

A sensitivity analysis indicated that the present sample was 
adequately powered to detect moderate or larger between-
group differences (rank-biserial r ≥ 0.36) for each plasma 
biomarker under a Mann–Whitney U framework, but not small 
effects (r < 0.36). The observed effects were small (r = 0.02–
0.19), consistent with limited separation between groups in 
plasma amyloid and tau measurements in this cohort. Detecting 
effects of this magnitude would require considerably larger 
cohorts of several hundred participants per group, which is 
difficult to achieve in a single-center study of a frail, elderly 
AD population. These findings are therefore presented as 
hypothesis-generating.
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Lifestyle variables were collected via self- or caregiver 
report. Their susceptibility to recall and perception biases in a 
cognitively impaired cohort (e.g., daily short walks reported as 
“regular exercise”) limits the interpretability of the data.

Although the present findings do not demonstrate strong 
diagnostic performance, the investigated biomarkers may still 
contribute to future biomarker-guided therapeutic strategies 
and patient stratification approaches in AD.

CONCLUSION
In this case-control study, plasma levels of Aβ40, Aβ42, BACE-
1, t-tau, p-tau , and the Aβ42/Aβ40 ratio did not differ between 
AD patients and healthy controls, and none of these markers, 
alone or as a ratio, demonstrated adequate discriminative 
power (all AUCs below 0.62).These null findings should not be 
interpreted as evidence that plasma biomarkers lack clinical 
value in general; rather, they likely reflect the limitations of a 
single-center design and modest sample size, heterogeneity in 
disease stage, and the known lower sensitivity of plasma assays 
compared with CSF for detecting amyloid and tau pathology.
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