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Rapid Assessments to Differentiate Dementia Using 
Plasma Biomarkers in Primary Care

Abstract
Introduction: The aging of society has increased the incidence of dementia, which is more common among older individuals. Older individuals are typically cared 
for by primary care providers in hospitals. However, more than 60% of patients with early-stage dementia are unrecognized in primary care. Several groups have 
developed dementia screening tools for primary care purposes. In this work, assessments based on plasma biomarkers for differentiating among various types of 
dementia were developed for primary care applications. 

Methods: Forty-six patients with very mild dementia (VMD) or mild cognitive impairment (MCI), fifty patients with Alzheimer’s disease (AD), and four patients 
with non-AD dementia were enrolled. Plasma amyloid-beta 1–40 (Aβ1–40), Aβ1–42, total Tau (T-Tau), and phosphorylated Tau (p-Tau181) were assayed using 
immunomagnetic reduction for each subject. 

Results: The results show that non-AD dementia can be discriminated from other forms of dementia using plasma Aβ1–40, with a cutoff value of 50.03 pg/ml 
resulting in an area under the curve (AUC) of 0.794. The plasma Aβ1–42-to-Aβ1–40 ratio can serve as an index for discriminating AD from VMD and MCI, with a cutoff 
value of 0.3015 resulting in an AUC of 0.674.

Discussions: A biomarker panel measuring the levels of plasma Aβ1–40 and the ratio of Aβ1–42 to Aβ1–40 could potentially assist primary care practitioners in 
evaluating whether a patient suffers from non-AD dementia, AD, or VMD and MCI. 
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Introduction
The prevalence of dementia among older people has been increasing. 

In a 2013 national survey of dementia prevalence in Taiwan, the prevalence 
of dementia among individuals older than 65 years was 8% [1]. Dementia 
represents an essential public health issue. In general, older individuals 
routinely visit Primary Care (PC) to receive treatment rather than the 
Neurological Division, particularly for their first neurological screenings. 
The appropriate screening and identification of dementia among older 
individuals in the PC setting are critical to ensure the timely initiation of 
management, treatment, or intervention strategies for patients with mild 
(MCI) or subjective cognitive impairment. However, screening for cognitive 
impairment or dementia is not commonly performed by PC practitioners. 
Hypertension, hyperlipidemia, or type II diabetes are the common diseases 
treated by PC practitioners [2–4]. Symptoms of cognitive impairment 
may not be apparent during a routine PC visit, and cognitive impairment 
is traditionally diagnosed in a PC setting based on clinical suspicion in 
response to the patient’s symptoms or caregivers’ concerns [5]. From 
1992 to 2006, the reported accuracy of mild dementia diagnoses among 

PC providers was 14%–69% [6–13]. The missed or delayed diagnosis of 
dementia occurs frequently.

In the early 2000’s, PC physicians utilized cognitive tests or evaluated 
patients’ functional abilities to assess mild dementia. Cruz-Orduña et al. 
reported that the sensitivity of detection based on patient-reported or 
suspected cognitive impairment over a 49-year period increased to 75% 
with the use of the Mini-Mental State Examination (MMSE) or the Functional 
Activities Questionnaire (FAQ) [14].

Chronic conditions have been demonstrated to contribute to dementia 
prediction [15–17]. Tsai et al. integrated various risk factors, such as 
age, sex, body mass index, education, stroke, diabetes, hypertension, 
hyperlipidemia, head trauma, and depression, with the evaluation of 
cognitive tests for the assessment of dementia in PC settings [18], which 
resulted in a model capable of differentiating patients with dementia from 
normal controls with a sensitivity greater than 90%. 

Significant progress in enhancing the sensitivity of dementia diagnoses 
in PC settings has identified additional diagnostic needs, such as the 
identification of information that would allow PC physicians to recognize 
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which type of dementia a patient is presenting to ensure the timely 
application of appropriate management or treatment strategies.

Although the efficacy of monoclonal antibodies for Alzheimer’s disease 
(AD) treatment remains uncertain, an increasing number of studies have 
explored the diagnosis of AD using biomarkers. The assessment of 
plasma biomarkers represents a convenient and cheap diagnostic method 
compared with the current gold standard of positron emission tomography 
(PET), which may allow for plasma biomarkers to be tested annually. 
Several papers reported by neurologists demonstrated the feasibility 
of assaying plasma biomarkers for identifying AD [19–22], Parkinson’s 
disease [23–25], or frontotemporal dementia [26]. These results suggest 
the possibility of developing assessments that use plasma biomarkers 
to differentiate among various types of dementia in PC settings. In this 
work, 100 patients with various types of dementia were recruited. Plasma 
amyloid-beta 1-40 (Aβ1–40), Aβ1–42, total Tau (T-Tau), and phosphorylated 
Tau (p-Tau181) were assayed using immunomagnetic reduction for each 
subject. Rapid assessments for the differentiation of dementia types using 
plasma biomarkers were developed for the PC setting.

Material and Methods
Recruitment of subjects

All patients aged 50 years or older were recruited from neurological 
clinics at National Yang Ming University Hospital (NYMUH). All participants 
received cognitive assessments. Dementia was diagnosed according to the 
National Institute on Aging and Alzheimer’s Association (NIA-AA) criteria 
[27]. Trained research assistants also administered the Chinese version 
of the Mini-Mental State Examination (MMSE) [28], which features a total 
score of 30. The Clinical Dementia Rating (CDR) was also used to determine 
the severity of dementia after separate semi-structured interviews with the 
patient and a knowledgeable informant were conducted by a neurologist 
or psychologist. The CDR scores are categorized as follows: 0 for normal, 
0.5 for MCI or very mild dementia (VMD) [29,30], 1 for mild dementia, 2 
for moderate dementia, and 3 for severe dementia [31]. Individuals with 
VMD were classified according to the presentation of mild impairment in two 
or more cognitive domains and a slight decline in daily function; cognitive 
deficits sufficient to interfere with independence in daily life, community 
affairs, or at-home hobbies; or based on the outcome of the CDR. MCI 
was diagnosed according to the NIA-AA-recommended criteria, defined as 
a change in cognition with impairment in one or more cognitive domains but 
no evidence of impairment in social or occupational functions as assessed 
by the CDR, activities of daily living (ADL) [32], and instrumental activities 
of daily living (IADL) [33]. The final diagnosis was reviewed after one year 
of follow-up.

The research was approved by the Institutional Review Board (IRB) of 
NYMUH (IRB No.2017A033 and No. 2018A004). Written informed consent 
was obtained from all participants in the study. All patients with dementia 
and their proxies provided written informed consent. Informed consent 
could only be signed directly by patients with MCI because the IRB agreed 
that patients with MCI, who suffered from cognitive impairments in one or 
more cognitive domains but presented with no evidence of impairment in 
social or occupational functions, were capable of understanding the study 
procedures and non-invasive assessments being performed in this study. 
We also explained this informed consent requirement to any proxies who 
accompanied MCI patients.

All participants received medical, neurological, neuropsychological, 
and psychiatric assessments and blood examinations. The neurological 
assessments performed for each participant included a cerebral computed 

tomography scan to exclude intracranial pathologies (i.e., brain tumors or 
stroke) that may have contributed to cognitive decline.

Plasma preparation
A 9-ml EDTA tube (455036, Greiner) was used to draw blood. No fasting 

was required for the blood draw. The tube was gently inverted 10 times 
immediately after the blood draw. A swing-out (bucket) rotor was used to 
centrifuge the blood at 15–25 °C at 1500–2500 × g for 15 minutes. Then, 1 
ml plasma (supernatant) was transferred to a fresh 1.5-ml Eppendorf tube. 
All aliquoted plasma samples were stored at −80 °C within 4.5 hours after 
the blood draw and prior to performing biomarker assays.

Assays of plasma biomarkers
The frozen human plasma sample was moved from −80 °C to wet 

ice and room temperature. To assaying Aβ1–40, T-Tau, and p-Tau181 (Tau 
phosphorylated at threonine 181), 40 l plasma was mixed with 80 l of 
the respective reagent (MF-AB0-0060, MF-TAU-0060, and MF-PT1-0060; 
MagQu). For assaying Aβ1–42, 60 l plasma was mixed with 60 l reagent 
(MF-AB2-0060, MagQu). For each batch of measurements, calibrators (CA-
DEX-0060, CA-DEX-0080, MagQu) and control solutions were used. An 
immunomagnetic reduction (XacPro-S361, MagQu) analyzer was utilized. 
For each sample, duplicate measurements were performed for each 
biomarker. The averaged concentration of the duplicate measurements was 
reported.

Statistical analysis
Continuous variables for each measurement are presented as the 

mean ± standard deviation. SPSS (version 22.0) for Windows (SPSS 
Inc., Chicago, IL, USA) was used to perform statistical analyses. Baseline 
demographic characteristics, including age, MMSE score, and CDR-Sum of 
Boxes (SOB) scores, were coded as continuous variables and compared 
using a T-test to determine p-values. Receiver operating characteristic 
curves were analyzed for each plasma biomarker to explore cutoff values, 
sensitivity, specificity, and area under the curve (AUC) for the differentiation 
of various types of dementia. All statistical tests were two-tailed, and 
significance levels were established at p-values of less than 0.05.

Results
A total of 46 patients with VMD or MCI, referred to as VMD+MCI; 50 

patients with AD; and 4 patients with non-AD dementia were enrolled. In 
the non-AD group, one patient had dementia with Lewy bodies, one patient 
had depression, one patient was folic acid deficient, and one patient had 
VMD with depression. Among the 46 VMD+MCI patients, 11 patients had 
VMD, and 35 patients had MCI. Notably, the 11 VMD patients progressed 
to AD within 3 years following their assessment in this study, indicating 
that VMD in these patients likely represented the early stages of AD. The 
demographic information of all enrolled subjects is listed in Table 1. Women 
comprised 50.0%, 50.0%, and 65.2% of the non-AD, AD, and VMD+MCI 
groups, respectively. The mean ages were 68.5 ± 12.4 years in the non-
AD group, 78.4 ± 8.19 years in the AD group, and 72.2 ± 8.6 years in the 
VMD+MCI group. No significant differences in age were observed among the 
non-AD, AD, and VMD+MCI groups (p>0.05). The CDR-SOB scores were 
2.00 ± 1.78, 3.77 ± 2.65, 1.95 ± 1.27 for the non-AD, AD, and VMD+MCI 
groups, respectively. Patients with AD showed significantly higher scores on 
the CDR-SOB than non-AD and VMD+MCI patients (p<0.01). The MMSE 
scores were 24.3 ± 5.7, 20.0 ± 5.5, and 23.9 ± 4.3 for the non-AD, AD, and 
VMD+MCI, respectively. AD shows significantly lower scores of MMSE than 
non-AD and VMD+MCI (p<0.01).
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The measured Aβ1–40 levels in the plasma were 48.99 ± 1.27 pg/ml 
for the non-AD group, 51.92 ± 4.16 pg/ml for the AD group, and 54.36 ± 
4.15 pg/ml for the VMD+MCI group. The plasma Aβ1–40 level in the non-AD 
group was significantly lower than those in the AD and VMD+MCI groups 
(p<0.01). The plasma Aβ1–42 levels were 15.65 ± 1.06 pg/ml for the non-AD 
group, 16.41 ± 1.27 pg/ml for the AD group, and 15.88 ± 0.99 pg/ml for 
the VMD+MCI group. The AD group showed a significantly higher Aβ1–42 
level than that for the VMD+MCI group (p<0.05), but not compared with 
the level for the non-AD (p>0.05). The T-Tau levels in plasma were 19.98 ± 
2.29 pg/ml for the non-AD group, 21.58 ± 4.04 pg/ml for the AD group, and 
19.60 ± 2.47 pg/ml for the VMD+MCI. The AD group presented significantly 
higher levels of plasma T-Tau than those of the non-AD and VMD+MCI 
groups (p<0.05). The measured p-Tau181 levels in plasma for the non-AD 
(3.12 ± 0.48 pg/ml), AD (3.41 ± 0.73 pg/ml), and VMD+MCI (3.14 ± 0.53 
pg/ml) groups are listed in Table 1. No significant differences in plasma 
p-Tau181 levels were observed among the non-AD, AD, and VMD+MCI 
groups (p>0.05).

The VMD+MCI group included 11 VMD patients and 35 MCI patients. 
The VMD (74.6 ± 5.7 years) and MCI (71.5 ± 9.3 years) patients were 
aged matched. Except for the CDR-SOB scores (p<0.05), no significant 
differences were observed between the VMD and MCI patients, including 
MMSE scores and plasma Aβ1–40, Aβ1–42, T-Tau and p-Tau181 levels (p>0.05).

Discussion
The goal of this study was to develop a rapid assessment for the 

differentiation of different types of dementia using plasma biomarkers for 
the PC setting. As listed in Table 1, the non-AD group showed relatively 
lower levels of plasma Aβ1–40 compared with those in the AD and VMD+MCI 
groups, suggesting that plasma Aβ1–40 level might represent a promising 
index for discriminating non-AD patients from other groups. Through ROC 
curve analysis, the plasma Aβ1–40 level the cutoff value for discriminating 
non-AD from AD and VMD+MCI was found to be 50.03 pg/ml. The 
corresponding clinical sensitivity and specificity were 75% and 100%. The 
AUC was 0.794.

An ROC curve analysis was performed using individual plasma 
biomarkers to differentiate AD from VMD+MCI, and the results are listed in 
Table 2. In addition, several groups have proposed that the combinations of 
plasma biomarkers might represent a more adequate index for discriminating 
among various dementia types or severities [19,34]. The results of the ROC 
curve analysis using combined plasma biomarkers to differentiate AD from 
VMD+MCI are listed in Table 2.

Among these biomarkers, the p-Tau181 level did not significantly 
differentiate AD from VMD+MCI (p>0.05). However, published papers 

1 Non-AD AD
VMD+MCI

VMD MCI Combined
n (female%) 4 (50%) 50 (50.0%) 11 (63.6%) 35 (65.7%) 46 (65.2%)
Age (years) 68.5 ± 12.4 78.4 ± 8.19 74.6 ± 5.7 71.5 ± 9.3 72.2 ± 8.6
CDR-SOB 2.00 ± 1.78 3.77 ± 2.65 2.55 ± 1.06 1.76 ± 1.28 1.95 ± 1.27

MMSE 24.3 ± 5.7 20.0 ± 5.5 23.3 ± 4.2 24.1 ± 4.4 23.9 ± 4.3
Aβ1–40 (pg/ml) 48.99 ± 1.27 51.92 ± 4.16 54.74 ± 4.16 54.24 ± 4.20 54.36 ± 4.15
Aβ1–42 (pg/ml) 15.65 ± 1.06 16.41 ± 1.27 15.71 ± 0.97 15.93 ± 1.00 15.88 ± 0.99
T-Tau (pg/ml) 19.97 ± 2.29 21.58 ± 4.04 19.17 ± 2.18 19.73 ± 2.57 19.60 ± 2.47

p-Tau181 (pg/ml) 3.12 ± 0.48 3.41 ± 0.73 3.01 ± 0.54 3.19 ± 0.53 3.14 ± 0.53
AD: Alzheimer’s disease; VMD: very mild dementia; MCI: mild cognitive impairment; CDR-SOB: clinical dementia ranking-sum of boxes; MMSE: Mini-

Mental State Examination.; Aβ: amyloid-beta

Table 1. Demographic information of the enrolled subjects

Biomarker Cutoff value Sensitivity (95% Cl) Specificity (95% Cl) AUC p-value
Tau 19.5 pg/ml 0.600 (0.452–0.736) 0.544 (0.390–0.691) 0.635 <0.05

p-Tau181 3.26 pg/ml 0.540 (0.393–0.682) 0.587 (0.432–0.730) 0.6 >0.05
Aβ1–42 16.15 pg/ml 0.620 (0.472–0.754) 0.544 (0.390–0.691) 0.622 <0.05

Aβ1–42-to-Aβ1–40 0.3015 0.640 (0.492–0.771) 0.674 (0.520–0.805) 0.674 <0.05
Aβ1–42 × Tau 303.5 pg2/ml2 0.640 (0.492–0.771) 0.544 (0.390–0.691) 0.631 <0.05

Aβ1–42 × Tau/Aβ1–40 5.722 pg/ml 0.652 (0.472–0.734) 0.587 (0.432–0.730) 0.651 <0.05
ROC: receiver operating characteristic; AD: Alzheimer’s disease; VMD: very mild dementia; MCI: mild cognitive impairment; AUC: area under the curve; Cl: 

confidence interval; Aβ: amyloid-beta

Table 2. ROC curve analysis for differentiating AD from VMD+MCI using individual or combined plasma biomarkers.

have demonstrated that plasma p-Tau181 represents a promising index for 
differentiating AD patients from those with MCI due to AD, who comprised 
the VMD group in this study [35,36]. Through a careful inspection of the data 
collected here, the p-value for the comparison of plasma p-Tau181 levels 
between AD (3.41 ± 0.73 pg/ml) and VMD (3.01 ± 0.54 pg/ml) patients was 
found to be less than 0.05, whereas the p-value was greater than 0.05 for 
the comparison of pTau181 levels between the AD and MCI (3.19 ± 0.53 
pg/ml) groups, which is consistent with the results of previously published 
papers.

A listed in Table 2, the Aβ1–42-to-Aβ1–40 ratio shows the highest AUC 

value (0.674), whereas Aβ1–42 shows the lowest AUC value (0.622) for 
discriminating AD from VMD+MCI. This result suggests that the Aβ1–42-
to-Aβ1–40 ratio could represent the most effective index for differentiating 
AD from VMD+MCI. The cutoff value for the Aβ1–42-to-Aβ1–40 ratio was 
established as 0.3015 to discriminate AD from VMD+MCI patients. The 
clinical sensitivity and specificity were 0.640 and 0.674, respectively.

The further discrimination of VMD from MCI patients included in the 
VMD+MCI group is not necessary for PC settings. Such discrimination 
should be conducted using neuropsychological tests performed by 
neuropsychologists or neurophysiologists. For example, as listed in Table 
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1, the VMD (3.08 ± 1.67) group showed a significantly higher CDR-SOB 
score than the MCI (1.76 ± 1.28; p<0.01) group. An alternative method 
for discriminating between VMD and MCI is follow-up monitoring. All VMD 
patients progressed to AD within 3 years after the visit reported in this study.

A flow chart for rapid assessments using plasma biomarkers to 
differentiate among non-AD, AD, and VMD+MCI groups is illustrated in 
Figure 1. First, plasma Aβ1–40 levels were assayed. Measured plasma Aβ1–40 
level below 50.03 pg/ml would be highly indicative of non-AD. Otherwise, 
the subject is suspected of AD or VMD+MCI. Second, plasma Aβ1–42 levels 
were assayed to obtain the ratio of Aβ1–42-to-Aβ1–40, with a value above 
0.3015 indicating AD and a value below 0.3015 indicating VMD or MCI.

Figure 1.  Flow chart showing the assessment of plasma biomarkers to 
differentiate non-Alzheimer’s disease (AD), AD, and very mild dementia 
(VMD)+mild cognitive impairment (MCI)

The flow chart shown in Figure 1 could assist PC physicians to 
easily assess the dementia types observed in patients, allowing for the 
PC physician to provide patients with adequate disease management 
strategies or refer the patient to neurologist care. Delayed interventions and 
treatments could be prevented among patients who visit a PC practitioner 
instead of the Neurological Division.

Conclusion 
A rapid assessment for discriminating non-AD, AD, and VMD+MCI 

patients was demonstrated using plasma biomarkers. The plasma Aβ1–40 
level can be used to discriminate non-AD, followed by the assessment of 
the plasma Aβ1–42-to-Aβ1–40 ratio to differentiated AD from VMD+MCI. The 
cutoff values for the plasma Aβ1–40 level and the Aβ1–42-to-Aβ1–40 ratio are 
suggested. This type of biomarker panel has the potential to help doctors 
in PC settings evaluate the risks of suffering from non-AD dementia, AD, or 
VMD and MCI in each patient.

References
1.	 Sun,Y, Lee HJ, Yang SC and Chen TF et al. “A nationwide survey of mild 

cognitive impairment and dementia, including very mild dementia, in 
Taiwan”. PLoS One 6 (2014).

2.	 Wändell, P, Carlsson AC, Wettermark B and Lord G et al. “Most common 
diseases diagnosed in primary care in Stockholm, Sweden, in 2011” Fam 
Pract 5 (2013).

3.	 Ornstein, SM, Nietert PJ, Jenkins RG and Litvin CB  “The prevalence of 
chronic diseases and multimorbidity in primary care practice: A PPR Net 

report” J Am Board Fam Med 5 (2013).

4.	 Finley, CR, Chan DS, Garrison S and Korownyk C et al. “What are the 
most common conditions in primary care? Systematic review” Can Fam 
Physician 11 (2018).  

5.	 Brayne, C, Fox C and Boustani M “Dementia screening in primary care: Is 
it time”? J Am Med Assoc 20 (2007). 

6.	 Lagaay, AM, Van der Meij JC and Hijmans W  “Validation of medical history 
taking as part of a population based survey in subjects aged 85 and over” 
Br Med J 6834 (1992).

7.	 Verhey, FRJ, Jolles J, Ponds RWHM and Rozendaal N et al. “Diagnosing 
dementia: A comparison between a monodisciplinary and a multidisciplinary 
approach” J Neuropsychiatry Clin Neurosci 1 (1993).

8.	 Eefsting, JA, Boersma F, Van Den Brink W and Van Tilburg W  “Differences 
in prevalence of dementia based on community survey and general 
practitioner recognition” Psychol Med 6 (1996).

9.	 O’Connor, DW, Pollitt PA, Hyde JB and  Brook CPB et al. “Do general 
practitioners miss dementia in elderly patients”? Br Med J 6656 (1988).

10.	 Ólafsdóttir, M, Skoog I and Marcusson J  “Detection of dementia in primary 
care: The Linkoping study” Dement Geriatr Cogn Disord 4 (2000).

11.	 Valcour, VG, Masaki KH, Curb JD and Blanchette PL “The detection of 
dementia in the primary care setting” Arch Intern Med 19 (2000).

12.	 Löppönen, M, Räiha I, Isoaho R and Vahlberg Tet al. “Diagnosing cognitive 
impairment and dementia in primary health care: A more active approach 
is needed” Age Ageing 6 (2003).

13.	 Borson, S, Scanlan JM, Watanabe J and Tu SP et al.  “Improving 
identification of cognitive impairment in primary care” Int J Geriatr 
Psychiatry 4 (2006).

14.	 Cruz-Orduña, I, Bellón JM, Torrero P and Aparicio E et al. “Detecting MCI 
and dementia in primary care: Efficiency of the MMS, the FAQ and the 
IQCODE” Fam Pract 4 (2012).

15.	 Kivipelto, M, Ngandu T, Laatikainen T and Winblad B et al. “Risk score for 
the prediction of dementia risk in 20 years among middle aged people: A 
longitudinal, population-based study” Lancet Neurol 9 (2006).

16.	 Chen, JH, Lin KP and Chen YC “Risk factors for dementia” J Formos Med 
Assoc 10 (2009).

17.	 Norton, S, Matthews FE, Barnes DE and Yaffe K et al. “Potential for primary 
prevention of Alzheimer’s disease: An analysis of population-based data” 
Lancet Neurol 8 (2014).

18.	 Tsai, PH, Liu JL, Lin KN and Chang CC et al. “Development and validation 
of a dementia screening tool for primary care in Taiwan: Brain Health Test” 
PLoS One 4 (2018).

19.	 Chiu, MJ, Yang SY, Horng HE and Yang CC, et al. “Combined plasma 
biomarkers for diagnosing mild cognition impairment and Alzheimer’s 
disease” ACS Chem Neurosci 12 (2013).

20.	 Lue, LF, Sabbagh MN, Chiu MJ and Jing N et al. “Plasma levels of Aβ1-42 
and Tau identified probable Alzheimer’s dementia: Findings in two cohorts” 
Front Aging Neurosci JUL (2017).

21.	 Teunissen, CE, Chiu MJ, Yang CC and Yang SY et al. “Plasma Amyloid-
β(Aβ42) Correlates with Cerebrospinal Fluid Aβ42 in Alzheimer’s Disease” 
J Alzheimers Dis 4 (2018).

22.	 Jiao, F, Yi F, Wang Y and Zhang S et al. “The Validation of Multifactor Model 
of Plasma Aβ2 and Total-Tau in Combination With MoCA for Diagnosing 
Probable Alzheimer Disease” Front Aging Neurosci (2020).

23.	 Lin, CH, Yang SY, Horng HE and Yang CC et al. “Plasma α-synuclein 
predicts cognitive decline in Parkinson’s disease” J Neurol Neurosurg 
Psychiatry 10 (2017).

24.	 Wang, HL, Lu CS, Yeh TH and Shen YM et al. “Combined assessment of 
serum alpha-synuclein and RAB35 is a better biomarker for Parkinson’s 
disease” J Clin Neurol 4 (2019).

25.	 Lin, WC, Lu CH, Chiu PY and Yang SY “Plasma Total α-Synuclein 
and Neurofilament Light Chain: Clinical Validation for Discriminating 
Parkinson’s Disease from Normal Control” Dement Geriatr Cogn Disord 
4 (2021).

26.	 Shieh-Yueh, Y, Heui-Chun Liu, Chin-Yi Lin and Ming-Jang Chiu et al. 
“Development of Assaying Plasma TDP-43 Utilizing Immunomagnetic 

https://doi.org/10.1371/journal.pone.0100303
https://doi.org/10.1371/journal.pone.0100303
https://doi.org/10.1371/journal.pone.0100303
https://doi.org/10.1093/fampra/cmt033
https://doi.org/10.1093/fampra/cmt033
https://doi.org/10.1093/fampra/cmt033
https://dx.doi.org/10.3390%2Fijerph14091019
https://dx.doi.org/10.3390%2Fijerph14091019
https://dx.doi.org/10.3390%2Fijerph14091019
https://doi.org/10.1001/jama.298.20.2409
https://doi.org/10.1001/jama.298.20.2409
https://doi.org/10.1136/bmj.304.6834.1091
https://doi.org/10.1136/bmj.304.6834.1091
https://doi.org/10.1136/bmj.304.6834.1091
https://doi.org/10.1176/jnp.5.1.78
https://doi.org/10.1176/jnp.5.1.78
https://doi.org/10.1176/jnp.5.1.78
https://doi.org/10.1017/s0033291700035947
https://doi.org/10.1017/s0033291700035947
https://doi.org/10.1017/s0033291700035947
https://dx.doi.org/10.1136%2Fbmj.297.6656.1107
https://dx.doi.org/10.1136%2Fbmj.297.6656.1107
https://doi.org/10.1159/000017241
https://doi.org/10.1159/000017241
https://doi.org/10.1001/archinte.160.19.2964
https://doi.org/10.1001/archinte.160.19.2964
https://doi.org/10.1159/000080126
https://doi.org/10.1159/000080126
https://doi.org/10.1159/000080126
https://doi.org/10.1002/gps.1470
https://doi.org/10.1002/gps.1470
https://doi.org/10.1002/gps.1470
https://doi.org/10.1093/fampra/cmr114
https://doi.org/10.1093/fampra/cmr114
https://doi.org/10.1093/fampra/cmr114
https://doi.org/10.1016/s1474-4422(06)70537-3
https://doi.org/10.1016/s1474-4422(06)70537-3
https://doi.org/10.1016/s1474-4422(06)70537-3
https://doi.org/10.46347/jmsh.2019.v05i03.004
https://doi.org/10.46347/jmsh.2019.v05i03.004
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1371/journal.pone.0196214
https://doi.org/10.1371/journal.pone.0196214
https://doi.org/10.1371/journal.pone.0196214
http://dx.doi.org/10.1021/cn400129p
http://dx.doi.org/10.1021/cn400129p
http://dx.doi.org/10.1021/cn400129p
https://doi.org/10.3389/fnagi.2017.00226
https://doi.org/10.3389/fnagi.2017.00226
https://doi.org/10.3389/fnagi.2017.00226


Page 5 of 5

Ping-Huang Tsai, et al. J Neurol Disord, Volume 9:7, 2021

Reduction” Neurol Disord 7 (2020)1-8.

27. McKhann, GM, Knopman DS, Chertkow H and Hyman BT et al. “The 
diagnosis of dementia due to Alzheimer’s disease: Recommendations 
from the National Institute on Aging-Alzheimer’s Association workgroups 
on diagnostic guidelines for Alzheimer’s disease” Alzheimer’s Dement 3 
(2011).

28. Folstein, MF, Folstein SE and McHugh PR “Mini-mental state”. A practical 
method for grading the cognitive state of patients for the clinician” J 
Psychiatr Res 3 (1975).

29. Andersen, K, Lolk A, Nielsen H and Andersen J et al. “Prevalence of very 
mild to severe dementia in Denmark” Acta Neurol Scand 2 (1997).

30. Shyu, YIL and Yip PK “Factor structure and explanatory variables of the 
mini-mental state examination (MMSE) for elderly persons in Taiwan” J 
Formos Med Assoc 10 (2001).

31. Hughes, CP, Berg L, Danziger WL and Coben LA et al. “A new clinical 

scale for the staging of dementia” Br J Psychiatry 6 (1982).

32. Mahoney, Fi and Barthel Dw “Functional Evaluation: The Barthel Index” 
Md State Med J (1965).

33. Lawton, MP and Brody EM “Assessment of older people: Self-maintaining 
and instrumental activities of daily living” Gerontologist 3 (1969).

34. Lin, CH, Chiu SI, Chen TF and Jang JSR et al. “Classifications of 
neurodegenerative disorders using a multiplex blood biomarkers-based 
machine learning model” Int J Mol Sci 18 (2020).

35. Yang, CC, Chiu MJ, Chen TF and Chang HL et al. “Assay of plasma 
phosphorylated tau protein (threonine 181) and total tau protein in early-
stage Alzheimer’s disease”. J Alzheimer’s Dis 4 (2018).

36. Chiu, M-J, Yang S-Y, Chen T-F and Lin C-H et al. “Synergistic Association 
between Plasma Aβ1–42 and p-tau in Alzheimer’s Disease but Not in 
Parkinson’s Disease or Frontotemporal Dementia” ACS Chem Neurosci 
(2021).

How to cite this article:Tsai, Ping H, Hsu Li C, Tsao Hsuan M and Yang Shieh Y, et 
al.“Rapid Assessments to Differentiate Dementia Using Plasma Biomarkers in Primary 

9 (2021).443Care.” J Neurol Disord 


