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Abstract.20

Background: Elevated total tau (tTau), 181-phosphorylated phosphorylated tau (pTau), and low amyloid-�42 (A�42) in
cerebrospinal fluid (CSF) represent a diagnostic biomarker for Alzheimer’s disease (AD).

21

22

Objective: The goal was to determine the overall accuracy of CSF A�42, tTau, pTau, and the A�42/total tau index (ATI) in a
non-research, clinical setting for the diagnosis of AD.

23

24

Methods: From medical records in 1,016 patients that had CSF studies for dementia over a 12-year period (2005 to 2017),
we calculated the sensitivity and specificity of CSF A�42, tTau, and pTau and the ATI in relation to the final clinical diagnosis.

25

26

Results: Compared with non-demented patients and patients with other dementias or mild cognitive impairment (MCI), the
sensitivity and specificity of the recommended ATI and pTau cut-offs (ATI < 1.0 and pTau >61 pg/ml) for the diagnosis of AD
were 0.88 and 0.72, respectively. Similar results were obtained comparing AD with non-demented patients only (0.88, 0.82)
and AD with other types of dementia (0.81, 0.77). A subgroup of patients with presumed normal pressure hydrocephalus
(n = 154) were biopsied at the time of shunt placement. Using the pathological manifestations of AD as the standard, the
sensitivity was 0.83 while the specificity was 0.72.
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Conclusions: In a non-research setting, CSF biomarkers for AD showed a high sensitivity in accordance with previ-
ous studies, but modest specificity differentiating AD from other types of dementia or MCI. This study of unselected
patients provides a valid and realistic assessment of the diagnostic accuracy of these CSF biomarkers in clinical
practice.
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INTRODUCTION33

Diagnostic accuracy in the clinical diagnosis of34

Alzheimer’s disease (AD) is important to differen-35

tiate it from conditions with similar manifestations,36

take advantage of novel therapeutic agents, mon-37

itor disease progression, and end-of-life planning.38

While autopsy remains the “gold standard” for a39

definitive diagnosis of AD, elevated levels of total40

tau (tTau), 181-phosphorylated phosphorylated tau41

(pTau), and decreasing levels of amyloid-�42 (A�42)42

in antemortem lumbar [1, 2] cerebrospinal fluid43

(CSF) have been associated with AD and corre-44

lated with postmortem amyloid plaque load [1]. In45

additional, a strong relationship exists between in46

vivo amyloid plaque load assessed with Pittsburgh47

Compound (PIB)-PET or Florbetapir for amyloid48

and 18FFDNP for both tangles and plaques and49

CSF A�42 levels [3–5]. Therefore, inclusion of these50

CSF biomarkers in the clinical evaluation of patients51

suspected of having AD would aid in diagnostic52

accuracy. A meta-analysis including data from 23153

studies for 11,341 patients with AD and 7,086 con-54

trols reported significant differences in CSF A�42,55

tTau, and pTau when comparing patients with AD56

to healthy controls [6, 7]. However, a subsequent57

Cochrane review in 2017 [8] concluded that sensitiv-58

ity and specificity of CSF biomarkers “have limited59

clinical value” because of methodological differences60

across the studies including the: “sources of recruit-61

ment, participant sampling, index test methodology62

and inadequate blinding.”63

To provide a realistic and unbiased evaluation of64

these CSF biomarkers in a non-research setting, we65

assessed retrospective data from a large cohort of66

patients attending an academic medical center to67

sensitivity, specificity, and area under the curve of68

CSF A�42, tTau, pTau, and the A�/tTau ratio (ATI).69

We hypothesized that such analyses from this large70

patient group at a single site might provide a more71

homogenous and accurate assessment of the accu-72

racy of these biomarkers in the clinical diagnosis73

of AD.74

MATERIALS AND METHODS 75

Participants 76

The results from 1,137 CSF samples were ascer- 77

tained from the medical records of outpatients and 78

hospitalized patients at the New York Presbyterian 79

Hospital-Columbia University Irving Medical Center 80

between 2005 and 2017. We excluded patients with 81

dementia of uncertain etiology or whose diagnosis 82

was not completely documented (n = 121). This anal- 83

ysis then focused on the remaining 1,016 (89.3%) for 84

this study, including 264 (26%) with a pretest diag- 85

nosis of probable AD; 53 (5%) with mild cognitive 86

impairment (MCI); 65 (6.3%) with dementia with 87

Lewy bodies (DLB); 53 (5%) with frontotemporal 88

dementia (FTLD, including patients with seman- 89

tic dementia, progressive non-fluent aphasia and 90

behavioral type frontotemporal dementia); 31 (3%) 91

with vascular dementia (VaD); 21 (2%) with pro- 92

gressive supranuclear palsy (PSP); 14 (0.9%) with 93

corticobasal degeneration (CBD); 218 (21.4%) with 94

normal pressure hydrocephalus (NPH); and 30 (3%) 95

with Creutzfeldt-Jacob disease (CJD). In addition, 96

results from lumbar puncture were obtained from 97

37 (3.6%) with a nonspecific psychiatric disorders 98

(PSY) and 230 (22.6%) with either subjective mem- 99

ory complaints (SMC) or no memory complaints 100

but with altered mental status at time of admission. 101

These 267 patients were considered as non-demented 102

patient group (N = 267; 26.2%). Finally, 97 (8.67%) 103

of the patients died during the study period with 13 104

(13.4%) undergoing autopsy. 105

Clinical diagnoses were made by several differ- 106

ent neurologists not involved in the current analysis 107

using published diagnostic criteria: National Insti- 108

tute of Neurological and Communicative Disorders 109

and Stroke–Alzheimer’s Disease and Related Dis- 110

orders Association criteria for AD and MCI [9]; 111

consensus criteria frontotemporal lobar degenera- 112

tion for FTLD [10]; McKeith criteria for DLB [11]; 113

National Institute of Neurological Disorders and 114

Stroke (NINDS)–Association Internationale pour 115
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la Recherche en l’Enseignement en Neurosciences116

for VaD [12]; criteria of Boeve for CBD [13];117

NINDS–Society for Progressive Supranuclear Palsy118

criteria for PSP [14]; referred criteria for CJD [15].119

Patients who were evaluated for NPH had ventricu-120

lomegaly with some combination of Hakim’s triad121

(gait disorder, incontinence, and cognitive decline),122

usually with gait disorder predominance. The major-123

ity of patients with suspected NPH underwent lumbar124

drainage trial prior to ventriculoperitoneal shunt125

(VPS) placement. Patients with NPH were included126

in this study only if they underwent VPS with neu-127

ropathological assessment of the cortical brain biopsy128

obtained at the time of shunt placement (N = 154).129

Though a biopsy provided only a small amount of130

tissue, we used the neuropathological manifestations131

found in AD as the gold standard for sensitivity and132

specificity analyses in these cases.133

CSF analysis134

Lumbar puncture was performed by neurology135

residents or the treating neurologist, after informed136

consent to use such laboratory results for research137

purposes was obtained. CSF aliquots were collected138

in polypropylene tubes and caps under standardized139

conditions. After centrifuged at 1000 g/min for140

10 min, 0.5 mL aliquots were collected and stored141

at –80◦C within 2 h. The New York Presbyterian142

Hospital shipped all such samples to the com-143

mercial laboratory where the CSF samples were144

analyzed using ADmark® ELISA kit (https://www.145

athenadiagnostics.com/view-full-catalog/a/admark-146

reg;-alzheimer-s-evaluation and https://www.147

mayomedicallaboratories.com/testcatalog/Clinical+148

and+Interpretive/91925).149

CSF concentrations of A�42, t-Tau, and p-Tau were150

measured and the ATI calculated. ADmark® essay151

results were reported as associated with AD accord-152

ing to CSF biomarkers pattern using ATI < 1.0 and153

pTau > 61 pg/ml as thresholds in both laboratories.154

Thus, for all main analyses ATI < 1 and pTau > 61155

pg/ml were used as the threshold of choice.156

CSF analysis in patients with NPH157

CSF data was available from 218 patients with158

suspected NPH who subsequently underwent VPS.159

During the procedure, neuropathological specimens160

from the frontal lobe were also harvested for161

pathological assessment. We restricted our analy-162

ses to 154 (70.6%) samples with both CSF and163

neuropathological data available. After hematoxylin 164

and eosin stained sections were submitted to pre- 165

liminary analysis, immunohistochemistry for neuritic 166

plaques and neurofibrillary tangles was performed. 167

Neuropathological diagnosis of AD was attempted 168

when criteria were met, according to NIA-AA guide- 169

lines [16], although sufficient material for diagnosis 170

was not always available from the biopsy. 171

Statistical analysis 172

Direct measures of CSF A�42, t-Tau, and p-Tau
levels and the ATI were compared across diagnostic
groups (i.e., AD group versus non-demented patients
and across other diagnostic groups compared to AD)
using the Kruskal-Wallis test, followed by Mann-
Whitney test with Monte Carlo method. We used the
ATI (A�42/T-tau Index) computed as:

ATI = ((
A � 42

/
(240 + (1.18 ∗ (tTau)))

))

because of its established predictive power in litera- 173

ture [17]. 174

The calculation of sensitivity and specificity across 175

the clinical subgroups (AD versus all other patients, 176

AD versus non-demented patients, AD versus other 177

types of dementia, AD versus NPH) was performed 178

and converted into receiving operating characteris- 179

tic (ROC) analyses. We also measured sensitivity 180

and specificity of combined CSF biomarkers by 181

computing the area under the curve (AUC) using 182

predictions from a logistic regression model that 183

included other measures as predictors (e.g., ATI + 184

pTau). 185

Accuracy as determined by AUC was defined as 186

1.0–0.90 excellent; 0.90–0.80 good; 0.80–0.70 fair; 187

0.70–0.60 poor; and 0.60–0.50 failure. We applied 188

validated threshold from literature for each CSF 189

biomarkers: 500 pg/ml [18, 19] for A�42; 350 pg/mL 190

for tTau [20, 21]; 61 pg/ml for pTau [22]. 191

Validated thresholds in literature for ATI levels 192

indicated that ATI ≤ 0.8 (ATI0.8) was strongly 193

associated with AD, while ATI ≥ 1.2 (ATI1.2) was 194

less robustly associated with AD and ultimately 195

ATI = 1 (ATI1.0) could be considered as an effec- 196

tive threshold to discriminate demented versus 197

non-demented patients [17, 22]. Therefore, we 198

tested each of these cut-offs in terms of sensitivity 199

and specificity. The significance threshold for all 200

analyses was set to p < 0.05. Analyses were per- 201

formed using SPSS v.24 [23]. Amos (Version 24.0). 202

Chicago: IBM SPSS) and R version 3.3.3 (R: a 203

language and environment for statistical computing. 204

https://www.athenadiagnostics.com/view-full-catalog/a/admark-reg;-alzheimer-s-evaluation
https://www.athenadiagnostics.com/view-full-catalog/a/admark-reg;-alzheimer-s-evaluation
https://www.athenadiagnostics.com/view-full-catalog/a/admark-reg;-alzheimer-s-evaluation
https://www.mayomedicallaboratories.com/testcatalog/Clinical+and+Interpretive/91925
https://www.mayomedicallaboratories.com/testcatalog/Clinical+and+Interpretive/91925
https://www.mayomedicallaboratories.com/testcatalog/Clinical+and+Interpretive/91925
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Table 1
Demographics and summary CSF biomarker data from patients in the analyses. Variables with * are

means with standard deviation in parentheses

Variables Non-demented Other dementias Probable p values
hospital patients Alzheimer’s disease

N 267 (26.28%) 485 (50.10%) 264 (25.98%)
Women (%) 52% 41% 55% p = 0.001b

Age (y)* 61.49 (15.34) 72.49 (9.66) 67.71 (10.37) p < 0.0001a

Education (y)* 16.9 (3.42) 16.42 (3.79) 15.44 (4.13) p > 0.5a

Deaths % 7.86% 11.39% 6.44% p < 0.5b

A�42* 505.40 (292.86) 498.52 (250.02) 376.36 (159.25) p < 0.0001a

tTau* 423.67 (930.19) 628.52 (1461.53) 594.03 (371.07) p < 0.001a

pTau* 41.23 (30.30) 45.54 (24.52) 82.47 (38.60) p < 0.0001a

ATI* 1.017 (0.67) 0.89 (0.58) 0.46 (0.24) p < 0.0001a

Non-demented hospital controls: subjective memory complaints and psychiatric disorders; Other demen-
tias: mild cognitive impairment, dementia with Lewy bodies, frontotemporal lobar dementia, vascular
dementia, progressive supranuclear palsy, corticobasal degeneration, normal pressure hydrocephalus, and
Creutzfeldt-Jakob disease. aKruskall Wallis test was used for comparing means across continuous nonstan-
dard distributed variables. bChi-square test was used for comparing means across dichotomized variables.

R Foundation for Statistical Computing, Vienna,205

Austria. http://www.R-project.org/), package206

“pROC” [24].207

RESULTS208

Demographics209

A statistically significant difference in mean age210

and sex was found comparing probable AD versus211

non-demented patients and other types of dementia212

(p < 0.0001). However, there were no differences in213

years of education or mortality rates. Similar differ-214

ences were found comparing sex, age, and education215

by diagnostic groups (all pairwise comparison with216

p-value < 0.0001, Table 1).217

CSF biomarkers distribution218

Statistically significant differences were found219

comparing A�42, tTau, pTau, and ATI in both AD220

versus other conditions overall, and in AD ver-221

sus non-demented patients (all pairwise comparison222

with p-value < 0.0001, Table 1). We observed signifi-223

cant differences in the A�42, pTau, and ATI values224

distribution between AD and MCI, DLB, FTLD,225

PSP, SMC, and PSY (all pairwise comparison with226

p-value < 0.0001, Supplementary Table 1).227

Sensitivity and specificity228

Overall analyses for Aβ42, tTau, pTau, and ATI229

For A�42 = 500 pg/ml (AUC = 0.622, SE = 0.017,230

95%CI [0.588–0.656], p < 0.0001), sensitivity and231

specificity were 0.81 and 0.44; for tTau = 350 pg/ml 232

(AUC = 0.751, SE = 0.015, 95%CI [0.722–0.781], 233

p < 0.0001), sensitivity 0.77 and specificity 0.70. 234

pTau = 61 pg/ml showed the best AUC (0.834, 235

SE = 0.015, 95%CI [0.806–0.862], p < 0.0001), sen- 236

sitivity 0.73 and specificity 0.82. ATI0.8, the rec- 237

ommended value (AUC = 0.732, SE = 0.015, 95%CI 238

[0.703–0.761], p < 0.0001) was found to have a sensi- 239

tivity of 0.90 and a specificity of 0.51. The sensitivity 240

and specificity of ATI1 for AD versus all other diag- 241

nostic groups included in the cohort was found to be 242

0.97 and 0.42, respectively. For ATI1.2, the sensitivity 243

was 0.98 and the specificity 0.32 (Fig. 1). 244

Combined analysis for ATI < 1 and pTau > 61 245

pg/ml (AUC = 0.8524, 95%CI [0.8288–0.8759], 246

p < 0.0001) computed 0.88 sensitivity and 0.72 speci- 247

ficity as final results. 248

AD versus non-demented patients 249

For A�42 = 500 pg/ml (AUC = 0.616, SE = 0.025, 250

95%CI [0.567–0.665], p < 0.0001) sensitivity and 251

specificity were 0.81 and 0.45; for tTau = 350 pg/ml 252

(AUC = 0.811, SE = 0.020, 95%CI [0.772–0.851], 253

p < 0.0001) sensitivity 0.77 and specificity 0.79. 254

pTau = 61 pg/ml showed the best AUC (0.864, 255

SE = 0.017, 95%CI [0.831–0.897], p < 0.0001), 256

sensitivity 0.73 and specificity 0.87). ATI0.8 257

(AUC = 0.764, SE = 0.021,95%CI [0.723–0.806], 258

p < 0.0001) was found having a sensitivity of 259

0.90 and a specificity of 0.56; ATI1 was found 260

to be 0.97 and 0.43, respectively. for ATI1.2, the 261

sensitivity was 0.99 and specificity of 0.46. Com- 262

bined analysis for ATI < 1.0 and pTau > 61 pg/ml 263

(AUC = 0.8922, 95%CI [0.8627–0.9216 p < 0.0001) 264

http://www.R-project.org/
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Fig. 1. Receiver operation curve (ROC). Alzheimer’s disease compared to overall population of the cohort. Alzheimer’s disease (n = 264)
was compared to the overall population of the cohort (n = 752). A�42 (red), tTau (green), pTau (blue), and ATI (black) CSF biomarker ROC
curves are reported here. AUC analyses fully reported in the text.

computed 0.88 sensitivity and 0.82 specificity as265

final results.266

AD versus other types of dementia267

In (n = 749) patients with symptoms and signs of268

memory impairment after clinical and radiological269

investigation, 264 (35.3%) were diagnosed with prob-270

able AD while the remaining 485 were diagnosed271

with other types of dementia (FTLD, DLB, PSP, VaD,272

CBD, NPH, or CJD) or MCI at follow-up. The sub-273

set was investigated with each of the three biomarkers274

and ATI was calculated.275

For A�42 = 500 pg/ml (AUC = 0.641, SE = 0.020,276

95%CI [0.603–0.680, p < 0.0001), sensitivity and277

specificity were 0.81 and 0.54; for tTau = 350 pg/ml278

(AUC = 0.724, SE = 0.018, 95%CI [0.688–0.760],279

p < 0.0001), sensitivity 0.77 and specificity 0.34.280

pTau = 61 pg/ml showed the best AUC (0.830,281

SE = 0.016, 95%CI [0.799–0.861], p < 0.0001),282

sensitivity 0.73 and specificity 0.20. ATI0.8283

(AUC = 0.729, SE = 0.017, 95%CI [0.694–0.763],284

p < 0.0001) was found having a sensitivity of 0.90285

and a specificity of 0.51; for ATI1 sensitivity and286

specificity were 0.97 and 0.60, respectively while287

for ATI1.2, we observed a sensitivity of 0.99 and a 288

specificity of 0.69. 289

Combined analysis for ATI < 1 and pTau > 61 290

pg/ml (AUC = 0.8487, 95%CI [0.8209–0.8764, 291

p < 0.0001) computed 0.81 sensitivity and 0.77 292

specificity as final results. 293

CSF biomarkers performance in differentiating 294

AD versus each type of dementia was examined 295

and results were summarized in the Supplementary 296

Table 2. 297

Normal pressure hydrocephalus with biopsy for 298

AD pathology 299

For A�42 = 500 pg/ml (AUC = 0.767, SE = 0.048, 300

95%CI [0.673–0.860], p < 0.0001), sensitivity and 301

specificity were 0.93 and 0.44; tTau and pTau 302

showed AUC values < 0.5 with asymptotic signif- 303

icance values >0.1 and further measurement were 304

omitted. ATI0.8 (AUC = 0.688, SE = 0.052, 95%CI 305

[0.587–0.790], p < 0.002) was found having a sensi- 306

tivity of 0.83 and a specificity of 0.57. The sensitivity 307

and specificity of ATI1 was found to be 0.87 and 0.45, 308

respectively. Employing ATI1.2 as our threshold sen- 309

sitivity of 0.93 and a specificity of 0.33 were found. 310
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Combined analysis for ATI < 1 and pTau > 61 pg/ml311

(AUC = 0.7847, 95%CI [0.6898–0.8797, p < 0.0001)312

computed 0.83 sensitivity and 0.72 specificity as final313

results.314

Re-analyses of CSF biomarkers to define315

thresholds316

We conducted additional analyses by attempting317

to compute the best CSF thresholds based on the318

data obtained from this group of patients that best319

discriminated between groups. In the overall analy-320

ses, thresholds for CSF biomarkers in identifying AD321

versus non-demented patients and all other diagnos-322

tic groups were: A�42 = 565.7 pg/ml (AUC = 0.62,323

95%CI [0.5867–0.6546], p < 0.0001, sensitivity 0.91324

and specificity 0.34), tTau = 357 pg/ml (AUC = 0.75,325

95%CI [0.7216–0.7813], p < 0.0001, sensitivity 0.77326

and specificity 0.70), pTau = 57.6 pg/ml (AUC = 0.83,327

95%CI [0.8063–0.8619], p < 0.0001, sensitivity 0.79328

and specificity 0.79) and ATI = 0.72 (AUC = 0.73,329

95%CI [0.7029–0.7608], p < 0.0001, sensitivity 0.88330

and specificity 0.55).331

The tests were repeated to compare AD with332

non-demented patients: A�42 = 641.50 pg/ml333

(AUC = 0.61, 95%CI [0.5600–0.6600], p < 0.0001,334

sensitivity 0.96 and specificity 0.30), tTau = 356.10335

pg/ml (AUC = 0.81, 95%CI [0.7700–0.8500],336

p < 0.0001, sensitivity 0.77 and specificity337

0.79), pTau = 51.10 pg/ml (AUC = 0.86, 95%CI338

[0.8300–0.9000], p < 0.0001, sensitivity 0.84 and339

specificity 0.79), and ATI = 0.83 (AUC = 0.76,340

95%CI [0.7200–0.8000], p < 0.0001, sensitivity 0.92341

and specificity 0.56). Comparing AD to other types of342

dementia the analysis showed: A�42 = 641.40 pg/ml343

(AUC = 0.67, 95%CI [0.6200–0.7300], p < 0.0001,344

sensitivity 0.96 and specificity 0.37); tTau = 388.30345

pg/ml (AUC = 0.81, 95%CI [0.7700–0.8500],346

p < 0.0001, sensitivity 0.74 and specificity347

0.82); pTau = 55.90 pg/ml (AUC = 0.85, 95%CI348

[0.8200–0.8900], p < 0.0001, sensitivity 0.80 and349

specificity 0.80); and ATI = 0.73 (AUC = 0.81,350

95%CI [0.7700–0.8600], p < 0.0001, sensitivity 0.88351

and specificity 0.62).352

Finally, CSF biomarkers were tested on a sub-353

group of patients with NPH who cortical biopsy with354

neuropathological evaluation after ventriculoperi-355

toneal shunting procedure: A�42 = 468.15 pg/ml356

(AUC = 0.78, 95%CI [0.6878–0.8745], p < 0.0001,357

sensitivity 0.93 and specificity 0.54), tTau = 299.2358

pg/ml (AUC = 0.52, 95%CI [0.4085–0.6413],359

p < 0.0001, sensitivity 0.48 and specificity 0.61),360

pTau = 55.90 pg/ml (AUC = 0.85, 95%CI [0.8200– 361

0.8900], p < 0.0001, sensitivity 0.80 and speci- 362

ficity 0.80), and ATI = 0.63 (AUC = 0.69, 95%CI 363

[0.5906–0.7952], p < 0.0001, sensitivity 0.72 and 364

specificity 0.70). 365

DISCUSSION 366

The results reported here provide an unbiased 367

assessment of CSF biomarkers in evaluation of 368

patients suspected of having AD in a non-research, 369

clinical setting. These results indicate that individ- 370

ually CSF biomarkers A�42, tTau, pTau, and the 371

computed ATI, tested at recommended thresholds 372

provide excellent sensitivity, but moderate to low 373

specificity for clinically diagnosed AD compared to 374

patients with other diseases or and with other forms 375

of dementias in routine practice. Based on the AUC, 376

the level of pTau was found to provide the best overall 377

accuracy of any single CSF biomarker, regardless of 378

the comparison group. 379

While, the use of these CSF biomarkers is recom- 380

mended for the diagnosis of AD, they can be helpful 381

in situations where the diagnosis is uncertain and AD 382

is one of the diagnoses considered in the differen- 383

tial diagnosis of a patient. We assumed that when 384

these CSF biomarkers were used in patients with 385

diagnoses other than AD, the physician was attempt- 386

ing to exclude AD as a diagnosis. Certainly, these 387

CSF biomarkers are best used when distinguishing 388

AD from other forms of dementia. 389

Most published studies have been in research set- 390

tings that compared AD to healthy controls [25, 26], 391

but this does not reflect what is generally done in 392

clinical practice. Similarly, validity of these CSF 393

biomarkers has been established previously using 394

data from patients sampled during life and subse- 395

quently undergoing autopsy at the time of death 396

[27–29].The approach in the current study differs 397

from most previous studies for number of total 398

patients for whom diagnoses and CSF measures were 399

obtained and a single center. Struyfs et al. [30] for 400

example, reported higher sensitivity and specificity 401

versus healthy control group rather than compar- 402

ing these measures to differentiate AD from other 403

conditions, as Johansson et al. [31] did, reporting 404

comparable findings in a cohort of 60 patients. The 405

Alzheimer’s Biomarkers Standardization Initiative 406

(ABSI) [32] suggested that the use of CSF biomarkers 407

should be considered in all patients referred for mem- 408

ory complaints or admitted to hospitals for cognitive 409
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impairment and complex differential diagnoses of410

dementia. In addition, younger patients with early-411

onset dementia, MCI, or atypical clinical signs should412

be taken into account [32]. Though previous stud-413

ies had reported the sensitivity and specificity of414

these CSF biomarker in the diagnosis of AD com-415

pared with healthy controls, or patients with MCI416

or depression [28], we considered the alternative417

approach used here, other forms of dementia, a less418

biased and more appropriate to assess validity of419

these CSF biomarkers. The main difference in our420

report compared to those in literature [33–35] is421

the reduction in specificity that is likely explained422

by including patients with other dementing disor-423

ders (FTLD, DLB, and VaD). What we address in424

this study is a measurement of CSF biomarker accu-425

racy as a diagnostic in a clinical practice setting,426

assessing sensitivity and specificity in the differen-427

tial diagnosis of AD versus other types of dementia428

and NPH.429

The highest sensitivity and specificity in this subset430

of patients compared to the previous studies [33–35]431

was achieved when we used ATI = 1 (sensitivity of432

0.96 and a specificity of 0.60). pTau > 61 showed433

a sensitivity of 0.78 and a specificity of 0.83, but434

the highest accuracy as measured by the AUC. In435

each of these analyses, specificity was lower than436

reported in a number of previous studies [36–38]. In437

the subset of patients with NPH, we further tested the438

ability of CSF biomarkers to identify and correctly439

classify AD pathology. However, the sensitivity and440

specificity were similar to that found in the clinical441

diagnosis of AD. This reinforced our conclusion that442

CSF biomarkers have the highest degree of speci-443

ficity only when comparing patients with dementia to444

healthy controls. The specificity decreases if tested in445

a group of patients that represent a typical patients in446

memory clinics and hospital settings [39].447

The results obtained here for pTau indicated that448

this individual measure was by far the most accurate449

for clinically diagnosed AD as measured by AUC.450

This is consistent with what reported by Koopman451

et al. [40] in an autopsy-based study which assessed452

a specificity of 0.60 for pTau in differentiating AD453

versus other conditions. However, the recommended454

combination of ATI < 1.0 and pTau > 61 pg/ml con-455

sistently showed the highest accuracy measured by456

AUC ranging from 0.78 to 0.89. The AUC was lowest457

among patients undergoing VPS for NPH and brain458

biopsy, those with compared to those without AD459

pathology, and highest among patients with AD com-460

pared with non-demented hospital controls. Using461

the data collected here to define the most optimal 462

score for each biomarker did not improve sensitivity, 463

specificity or accuracy over the recommended com- 464

bination of ATI < 1.0 and pTau > 61 pg/ml. Thus, the 465

results here indicate that the recommended combina- 466

tion of ATI < 1.0 and pTau > 61 pg/ml provides the 467

best sensitivity, specificity, and overall accuracy for a 468

clinical diagnosis of AD. However, in terms of over- 469

all accuracy based on AUC using this combination 470

of threshold would considered this CSF biomarker 471

analysis as “good”. Improvement in specificity would 472

be required to move the overall accuracy to “excel- 473

lent”. 474

The study here has several strengths including 475

sample size, unbiased data collection from a sin- 476

gle non-research clinical site of typical patients, the 477

two national laboratories involved (using the same 478

immunoassay kit), and confirmation of our findings 479

in a subset with neuropathological information. 480

There are limitations of this study including the 481

reliance on the biopsy-based diagnoses was limited 482

making it difficult to assess complete neuropatho- 483

logical criteria. We did not attempt to compare the 484

accuracy of these CSF biomarkers with imaging 485

biomarkers, such as measure of white matter hyperin- 486

tensities and regional atrophy or fluorodeoxyglucose 487

or amyloid positron emission tomography, because 488

these were not systematically obtained over the time 489

period. 490

A clinically reliable and valid biomarker should 491

provide a sensitivity and specificity close to 80–90%. 492

In this study, we found that the results of previ- 493

ous studies may have overestimated CSF biomarkers 494

specificity by the frequent comparison to healthy con- 495

trols. Whereas in this unbiased case series we found 496

the sensitivity to be fairly consistent (0.8 to 0.9 or 497

better), the specificity varied from 0.72 overall, to 498

0.82 and only when compared to healthy controls. 499

Our findings suggest the specificity of CSF biomark- 500

ers in differentiating between AD and other type of 501

dementias is adequate for clinical decision when the 502

recommend combination of ATI < 1.0 and pTau > 61 503

pg/ml is used. All other measures, with the exception 504

of pTau, lacked the accuracy for contributing to the 505

diagnostic evaluation. 506

The use of CSF biomarkers in the diagnosis 507

of patients meeting the clinical criteria listed by 508

Alzheimer’s Biomarkers Standardization Initiative 509

needs to be the state of the art in identifying AD; 510

the results presented here indicate that further work 511

needs to be done to improve the specificity and overall 512

accuracy. 513
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