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Key Points  48 

Question: Are plasma p-tau concentrations related to cognitive decline and AD pathology in 49 

probable dementia with Lewy bodies? 50 

Findings: In this study of 987 participants from the European DLB consortium, 51 

concentrations of plasma p-tau181 and p-tau23 were significantly higher in DLB compared 52 

with healthy controls and lower compared with Alzheimer’s disease (AD) patients. Plasma p-53 

tau181 and p-tau231 levels were associated with cognitive impairment at baseline and more 54 

rapid cognitive decline during follow-up while adjusting for sex and age.  55 

Meaning: Plasma p-tau has the potential to act as a cost-effective and accessible biomarker of 56 

AD pathology and a prognostic marker in DLB. 57 

 58 

Abstract  59 
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Importance: Plasma p-tau has proven to be an accurate biomarker for Alzheimer’s disease 60 

(AD) pathology. This offers a cheaper and less invasive alternative to cerebrospinal fluid 61 

(CSF) and positron emission tomography (PET) biomarkers for amyloid-β and tau. AD co-62 

pathology is common and leads to more rapid cognitive decline in DLB; therefore, it is 63 

anticipated that plasma p-tau may have utility in predicting cognitive impairment in this 64 

disorder. 65 

Objective: To measure the concentrations of plasma p-tau (p-tau181 and p-tau231) and their 66 

associations with cognitive decline in probable DLB. 67 

Design, setting: This is a multicenter longitudinal cohort study including participants from 68 

the European DLB (E-DLB) consortium cohort enrolled at ten centers from the year 2002 to 69 

2020 with up to five years of follow up.  70 

Participants: E-DLB centres with harmonized diagnostic procedures were invited to 71 

participate in this study. A total of 1122 participants with plasma samples were available. 72 

Participants with acute delirium, terminal illness, and patients with other previous major 73 

psychiatric or neurological disorders were excluded, leaving a cohort of clinically diagnosed 74 

participants with probable DLB (n=371), Parkinson’s disease (PD) (n=204), AD (n=207), and 75 

healthy controls (HC) (n=205). 76 

Main Outcomes and Measures: Plasma p-tau181 and p-tau231 measured with in-house 77 

Single molecule array assays was the main outcome. Mini-Mental State Examination 78 

(MMSE) was used to measure cognition. 79 

Results: This cohort of DLB patients (with mean age 71.84 ± 8.04, 57.1% of them being 80 

males and mean years of education 9.16 ± 4.23) did not differ significantly regarding age, sex 81 

or years of education with the AD group, but the DLB group was older than the HC and 82 

included more men than the AD and HC groups. Plasma concentrations of p-tau181 and p-83 

tau231 were higher in DLB patients than in HC (p-tau181 2.58 pg/ml; 95% CI, 1.79 – 3.37 84 



4 
 

P=.007  and p-tau231 1.96; pg/ml 95% CI, 1.37 – 2.56 P=.007), and lower than in the AD 85 

group (p-tau181 -3.53 pg/ml; 95% CI, -4.31 – -2.76 P<.001 and p-tau231 -3.30 pg/ml; 95% 86 

CI, -3.98 – -2.71 P<.001) but similar to the PD group. Higher plasma concentrations of both 87 

p-tau markers were found in a subgroup of DLB patients with abnormal CSF Aβ42 levels 88 

compared to those with normal levels (difference in the groups in p-tau181 -3.619 pg/ml; 95% 89 

CI, -5.43– -1.79 P=.049 and p-tau231 -2.51 pg/ml; 95% CI, -3.63 – -1.39 P=.02). There was 90 

no difference between p-tau181 and p-tau231’s performance across confirmed AD pathology 91 

based on reduced Aβ42 on CSF in DLB. In DLB, a significant association was found between 92 

higher plasma p-tau181 and p-tau231 levels and lower MMSE scores at baseline (for p-93 

tau181, -0.092 MMSE points; 95% CI, -0.12 – -0.06 P=.001 and for p-tau231 -0.16 MMSE 94 

points; 95% CI, -0.21 – -0.12 P<.001), as well as more rapid MMSE decline overtime. Plasma 95 

p-tau181 predicted a decline of -0.094 MMSE points per year (-0.094 MMSE points per year; 96 

95% CI, -0.144 – -0.052 P=.015), whereas plasma p-tau231 predicted an annual decline of -97 

0.130 MMSE points (-0.130 MMSE points per year; 95% CI, -0.201 – -0.071 P=.018) after 98 

adjusting for sex and age.  99 

Conclusions and Relevance: Plasma p-tau181 and p-tau231 levels can be cost-effective and 100 

accessible predictors of cognitive decline in DLB. 101 

 102 

Introduction  103 

Dementia with Lewy bodies (DLB) is the second most frequent neurodegenerative 104 

dementia after Alzheimer’s disease (AD) 
1
. The prognosis of DLB is usually poor

2
, even 105 

compared to AD; however, a large variation in the rate of decline is observed
3
.  106 

The neuropathology of DLB is heterogeneous. In addition to the defining α-107 

synucleinopathy in the brainstem, limbic system, and cortical areas, there is often co-existing 108 

AD neuropathology
4
. Cerebrospinal fluid (CSF) concentrations of the core AD biomarkers 109 
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(Aβ42/40, total tau and phosphorylated tau (p-tau)) are associated with molecular imaging of 110 

Aβ plaques and tau tangles and are usually within normal ranges in non-AD dementias
5
. In 111 

DLB, however, about 50% of individuals have low CSF Aβ42 concentration, which is 112 

indicative of amyloid plaque pathology, i.e., the key feature of AD neurodegeneration 
5
. The 113 

degree, type, location, and spread of neurodegenerative changes in DLB are highly variable, 114 

which may explain the heterogeneous clinical presentation and rate of cognitive decline 115 

observed in clinical studies
6
. Notably, imaging and CSF biomarker studies support the 116 

concept that the presence of AD pathology can predict the rate of cognitive decline in DLB
7,8

.  117 

There is now substantial evidence that blood biomarkers can predict AD 118 

neuropathology with high accuracy
9,10

. In this regard, p-tau species, including p-tau181 and p-119 

tau231, have emerged as leading candidates, and the diagnostic and prognostic markers first 120 

shown in CSF have been widely replicated in blood
11

. Limited comparison data have 121 

suggested either subtle no difference between p-tau181 and p-tau231 in AD; however, these 122 

biomarkers have never been compared in DLB
12

. In this study, we sought to assess plasma p-123 

tau181 and p-tau231 and their association with cognition in a large international multicenter 124 

DLB cohort from the European DLB (E-DLB) consortium. 125 

Methods 126 

A total of 1122 participants with plasma samples were available for this study with 127 

overall 371 probable DLBs from 10 participating E-DLB centers with harmonized diagnostic 128 

procedures
13

. Participants were referrals from outpatient clinics including memory, movement 129 

disorders, geriatric medicine, psychiatric, and neurology clinics. Additional information on 130 

the diagnostic examination program, inclusion and exclusion criteria, p-tau blood 131 

measurements and statistic procedures for this study can be found in e-Methods. Patients with 132 

AD, Parkinson’s disease (PD), and healthy controls (HC) were included for comparison (see 133 

e-supplementary table 1).  A subgroup of AD (n=113 / 47.0%) had CSF confirmation based 134 
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on reduced Aβ42 concentrations. Likewise, 34% (n=126) of the DLB group had Aβ42 results 135 

on CSF according to local reference values (see supplementary table 2). Global cognitive 136 

function was assessed using the Mini-Mental State Examination (MMSE). A subgroup of 137 

probable DLB participants (n=182, see e-supplementary figure 1) had annual longitudinal 138 

cognitive assessments for up to 5 years. Details of sample collection procedures in each center 139 

are available in e-supplementary table2. The local ethics committee at each center has 140 

approved the incorporation of data in this study and the analysis of samples abroad. The 141 

participating subjects gave their written consent to use the unidentified results of their clinical, 142 

instrumental, and laboratory data for research purposes. 143 

Plasma p-tau181 and p-tau231 biomarker concentrations were measured using 144 

clinically validated in-house Single molecule array (Simoa) methods at the Clinical 145 

Neurochemistry Laboratory Sahlgrenska University Hospital, Mölndal, Sweden (see e-146 

Supplementary table 3).  147 

Statistical Analysis 148 

We reported baseline characteristics of the cohort as appropriate. After a significant 149 

one-ANOVA, differences between groups at baseline were evaluated using a Bonferroni post 150 

hoc test. The receiver operating characteristic curve (ROC) explored the overall biomarker 151 

performance across confirmed AD pathology based on reduced Aβ42 on CSF in DLB 152 

providing the area under the curve (AUC). We used DeLong's test to contrast the change in 153 

the AUC of both biomarkers. MMSE score was transformed using the squared root of 30 154 

minus the MMSE score to achieve normal distribution. We fitted a linear regression with 155 

MMSE score at baseline to evaluate the association between plasma p-tau181 and p-tau231 156 

and cognition. We analyzed the longitudinal MMSE decline by fitting a linear mixed-effect 157 

model with random intercept and slope for each subject, adjusted by potential confounders 158 

such as age, gender and years of education.  159 
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Results  160 

The baseline characteristics can be found in table 1. The DLB and AD groups did not 161 

differ significantly regarding age, sex, years of education, duration of symptoms, or MMSE 162 

baseline scores, but the DLB group was older than HC and included more men than the AD 163 

and HC groups. In the DLB group with CSF analyses available, 63 patients (50%) had Aβ 42 164 

values below the threshold. 165 

Associations of plasma p-tau with diagnoses 166 

Plasma p-tau181 and p-tau231 concentrations in the different groups are shown in 167 

figure 1. DLB patients had increased plasma concentrations for both p-tau181 and p-tau231 168 

(p-tau181 2.58 pg/ml 95% CI, 1.79 – 3.37 P=.007 and p-tau231 1.96 pg/ml 95% CI, 1.37 – 169 

2.56 P=.007) compared with HC, but concentrations were lower than in AD (p-tau181 -3.53 170 

pg/ml; 95% CI, -4.31 – -2.76 P<.001  and p-tau231 -3.30 pg/ml; 95% CI, -3.98 – -2.71 171 

P<.001); the numerical difference between DLB and AD increased when the analyses were 172 

done only using the AD patients (n=113) with confirmation of diagnosis based on low CSF 173 

Aβ42 concentration. These results remained statistically significant after correcting for age 174 

and sex. When comparing DLB and AD patients with biomarker confirmation based on low 175 

CSF Aβ42, a greater effect size was seen for p-tau181 (Cohen’s d=0.53) compared with the 176 

full AD group (Cohen’s d=0.39). Effect sizes (Cohen’s d) for DLB compared with HC were 177 

rather similar for both plasma markers: 0.25 (p-tau231) and 0.23 (p-tau181). There were no 178 

statistically significant differences in either of the plasma p-tau concentrations between PD 179 

and DLB. The DLB group with abnormal CSF Aβ42 levels had higher plasma concentrations 180 

of both p-tau markers compared to those with normal CSF values (difference in p-tau181 -181 

3.61 pg/ml 95% CI, -5.43– -1.79 P=.049 and p-tau231 -2.51 pg/ml CI, -3.63 – -1.39 P=.02, 182 

see figure 1). AUC values of the ROC curves indicating the overall biomarker performance 183 

across AD pathology confirmed cases based on reduced Aβ42 on CSF in DLB were larger for 184 
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p-tau181 (p-tau181 AUC= 0.62 vs. p-tau 231 AUC= 0.56), but the change in the AUC of both 185 

biomarkers was not statistically significant (see e-supplementary figure 2).  186 

 Associations of plasma p-tau with baseline and longitudinal MMSE in DLB 187 

We found that higher baseline plasma p-tau181 and p-tau231 concentrations were 188 

associated with lower MMSE score at baseline (p-tau181 -0.092 MMSE points; 95% CI, -0.12 189 

– -0.06 P=.001 and p-tau231 -0.16 MMSE points; 95% CI, -0.21 – -0.12 P<.001) while 190 

adjusting for age and sex. When adjusting the model for years of education, p-tau231, but not 191 

p-tau 181, remained a significant predictor for MMSE decline (p-tau231 -0.049 MMSE 192 

points; 95% CI, -0.15 – -0.04 P= .049).  The average change estimated for the other 193 

diagnostic groups can be found in the e-Supplementary Table 4. 194 

In the longitudinal model (DLB subgroup with longitudinal measurements of 195 

cognition n=182 mean follow up 3.53 years and SD 1.67), plasma p-tau181 predicted a 196 

decline of -0.094 MMSE points per year (95% CI, -0.144 – -0.052 P=.015) whereas plasma p-197 

tau231 predicted an annual decline of -0.130 MMSE points (95% CI, -0.201 – -0.071 P=.018) 198 

(see figure 2).  199 

Discussion  200 

Here we examined the concentrations of plasma p-tau181 and p-tau231 in 987 patients 201 

from the E-DLB. We found that the baseline concentrations of plasma p-tau181 and p-tau231 202 

in DLB were significantly higher than those in HC but lower than in AD. In addition, we 203 

found that both markers were associated with more cognitive impairment in the DLB group at 204 

baseline, as well as with more pronounced cognitive worsening over time during follow-up. 205 

Significance was lost after including years of educations, possibly because of the smaller 206 

sample size with longitudinal follow-up and education data available. Overall, plasma p-207 

tau181 had a greater effect size when comparing DLB and AD, although it shouldn’t be used 208 
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in isolation to make a clinical diagnosis. There was no difference between p-tau181 and p-209 

tau231’s performance across confirmed AD pathology based on reduced Aβ42 on CSF in 210 

DLB. Moreover, plasma p-tau231 had a larger effect on cognition than p-tau181. While there 211 

was a statistically significant effect, the impact on the decline in MMSE was small, and the 212 

clinical relevance may be questionable. Previously, plasma p-tau has shown to be a strong 213 

predictor of cognitive decline in AD
14

 and is associated with AD neuropathology. However, 214 

in DLB, plasma p-tau has only been examined in small cohorts
9,15

. Hall et al. revealed that 215 

plasma p-tau had a high correlation with abnormal tau and amyloid PET scans in DLB, 216 

highlighting its usefulness as a marker for AD co‐pathology DLB
15

. Lantero-Rodriguez et al., 217 

in neuropathologically confirmed cases, demonstrated increased plasma p-tau levels in those 218 

who had mixed AD and Lewy body pathologies a decade before death. In the small number of 219 

Lewy body cases without AD pathology, plasma p-tau was not increased
9
. In this study, we 220 

report that the levels of p-tau in DLB are intermediate between HC and AD and significantly 221 

associated with cognitive decline in DLB patients, suggesting that both p-tau181 and p-tau231 222 

blood assays could be useful as predictors of disease progression. Similar to Hall et al., we 223 

also demonstrate that plasma p-tau is elevated in DLB cases with AD co-pathology. Further 224 

studies are needed to assess whether plasma p-tau can predict response of DLB patients to 225 

treatments targeting AD pathophysiology
16

. 226 

Limitations 227 

A limitation of this study is that not all patients had a biomarker confirmation of the 228 

diagnosis. However, it has been shown that the clinical diagnosis of probable DLB has a very 229 

high specificity
17

. This is one of the largest DLB cohorts with biomarker data ever reported. 230 

However, due to the retrospective multi-centre design, there were missing data for some 231 

variables, including longitudinal data, CSF dementia markers, and years of education, which 232 

led to reduced statistical power for these analyses. Future studies should compare p-tau 233 
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species with other candidate blood markers of progression, e.g., Aβ42/40, NfL, or GFAP, and 234 

explore their predictive power in prodromal DLB.  235 

Conclusions 236 

In conclusion, plasma concentrations of p-tau181 and 231 are increased in DLB and 237 

further in DLB cases with confirmed AD co-pathology. Plasma p-tau represents a promising 238 

biomarker to identify AD pathology and a faster cognitive decline in this neurological 239 

disorder. 240 

 241 

Acknowledgements This paper represents independent research partly funded by the 242 

National Institute for Health Research (NIHR) Biomedical Research Centre at South London 243 

and Maudsley NHS Foundation Trust and King’s College London. The views expressed are 244 

those of the author and not necessarily those of the NHS, the NIHR or the Department of 245 

Health and Social Care. HZ is a Wallenberg Scholar supported by grants from the Swedish 246 

Research Council (#2018-02532), the European Research Council (#681712), Swedish State 247 

Support for Clinical Research (#ALFGBG-720931), the Alzheimer Drug Discovery 248 

Foundation (ADDF), USA (#201809-2016862), the AD Strategic Fund and the Alzheimer's 249 

Association (#ADSF-21-831376-C, #ADSF-21-831381-C and #ADSF-21-831377-C), the 250 

Olav Thon Foundation, the Erling-Persson Family Foundation, Stiftelsen för Gamla 251 

Tjänarinnor, Hjärnfonden, Sweden (#FO2019-0228), the European Union’s Horizon 2020 252 

research and innovation programme under the Marie Skłodowska-Curie grant agreement No 253 

860197 (MIRIADE), and the UK Dementia Research Institute at UCL. KB is supported by 254 

the Swedish Research Council (#2017-00915), the Alzheimer Drug Discovery Foundation 255 

(ADDF), USA (#RDAPB-201809-2016615), the Swedish Alzheimer Foundation (#AF-256 

742881), Hjärnfonden, Sweden (#FO2017-0243), the Swedish state under the agreement 257 



11 
 

between the Swedish government and the County Councils, the ALF-agreement (#ALFGBG-258 

715986), the European Union Joint Program for Neurodegenerative Disorders (JPND2019-259 

466-236), the National Institute of Health (NIH), USA, (grant #1R01AG068398-01), and the 260 

Alzheimer’s Association 2021 Zenith Award. The University of Stavanger supported MCG. 261 

 262 

 263 

Author Disclosures  264 

Dr. Aarsland has received research support and/or honoraria from Astra-Zeneca, H. 265 

Lundbeck, Novartis Pharmaceuticals, Biogen, and GE Health, and served as paid consultant 266 

for H. Lundbeck, Eisai, Heptares, Mentis Cura. Research support from: Evonik, Sanofi. 267 

Roche. Dr. Zetterberg has served at scientific advisory boards and/or as a consultant for 268 

Alector, Eisai, Denali, Roche Diagnostics, Wave, Samumed, Siemens Healthineers, Pinteon 269 

Therapeutics, Nervgen, AZTherapies, CogRx and Red Abbey Labs, has given lectures in 270 

symposia sponsored by Cellectricon, Fujirebio, Alzecure and Biogen, and is a co-founder of 271 

Brain Biomarker Solutions in Gothenburg AB (BBS), which is a part of the GU Ventures 272 

Incubator Program (outside submitted work). Dr. Abdelnour has Lecture fees paid by a 273 

commercial entity (honoraria) in the last three years: Zambon, F. Hoffman-La Roche Ltd, 274 

Schwabe Farma Ibérica S.A.U. and Nutricia. Dr. PAQUET has served as a member of the 275 

International Advisory Boards of Lilly, consultant of Fujiribio, ALZOHIS, 276 

NEUROIMMUNE, Ads Neuroscience, Roche, AgenT and GILEAD and is involved as an 277 

investigator in several clinical trials for Roche, Esai, Lilly, Biogen, Astra-Zeneca, Lundbeck, 278 

Neuroimmune. She is a current member of the national board of ROCHE, Lilly and Biogen. 279 

Dr. Blennow has served as a consultant, at advisory boards, or at data monitoring committees 280 

for Abcam, Axon, Biogen, JOMDD/Shimadzu. Julius Clinical, Lilly, MagQu, Novartis, 281 

Prothena, Roche Diagnostics, and Siemens Healthineers, and is a co-founder of Brain 282 



12 
 

Biomarker Solutions in Gothenburg AB (BBS), which is a part of the GU Ventures Incubator 283 

Program, all unrelated to the work presented in this paper. 284 

Conflict of Interest 285 

The authors have no potential conflicts of interest to declare regarding research, authorship, 286 

and/or publication of this article 287 

 288 

Author Contributions  289 

MCG, NJA:  Conception of work, methods, writing- reviewing, and editing. DA, HZ: 290 

Preparation of the initial draft, manuscript writing, supervision, review, and approval. NJA, 291 

HZ, BFG, KB, TKK: performed the plasma measurements.  DAT- R, MCG: processed the 292 

data, performed the analysis, and designed the figures. FB, BM, AP, AL, CP, CA, MK, LB, 293 

and RV: contributed to clinical data collection and sample preparation. All authors discussed 294 

the results and contributed to the final manuscript. 295 

 296 

Access to Data Statement  297 

Dr. Aarsland had full access to all the data in the study and take responsibility for the integrity 298 

of the data and the accuracy of the data analysis. 299 

Data Availability  300 

Qualified external researchers can request access to anonymized patient-level data, respecting 301 

patient informed consent, from the corresponding author on reasonable request. 302 

 303 

REFERENCES 304 

1. McKeith IG, Boeve BF, Dickson DW, et al. Diagnosis and management of dementia with Lewy 305 
bodies: Fourth consensus report of the DLB Consortium. Neurology. 2017;89(1):88-100. 306 

2. Mueller C, Ballard C, Corbett A, Aarsland D. The prognosis of dementia with Lewy bodies. The 307 
Lancet Neurology. 2017;16(5):390-398. 308 



13 
 

3. Kramberger MG, Auestad B, Garcia-Ptacek S, et al. Long-Term Cognitive Decline in Dementia 309 
with Lewy Bodies in a Large Multicenter, International Cohort. J Alzheimers Dis. 310 
2017;57(3):787-795. 311 

4. Irwin DJ, Hurtig HI. The Contribution of Tau, Amyloid-Beta and Alpha-Synuclein Pathology to 312 
Dementia in Lewy Body Disorders. J Alzheimers Dis Parkinsonism. 2018;8(4). 313 

5. Jack CR, Jr., Bennett DA, Blennow K, et al. NIA-AA Research Framework: Toward a biological 314 
definition of Alzheimer's disease. Alzheimers Dement. 2018;14(4):535-562. 315 

6. Lemstra AW, de Beer MH, Teunissen CE, et al. Concomitant AD pathology affects clinical 316 
manifestation and survival in dementia with Lewy bodies. J Neurol Neurosurg Psychiatry. 317 
2017;88(2):113-118. 318 

7. Abdelnour C, Ferreira D, Oppedal K, et al. The combined effect of amyloid-β and tau 319 
biomarkers on brain atrophy in dementia with Lewy bodies. Neuroimage Clin. 320 
2020;27:102333-102333. 321 

8. van Steenoven I, Aarsland D, Weintraub D, et al. Cerebrospinal Fluid Alzheimer's Disease 322 
Biomarkers Across the Spectrum of Lewy Body Diseases: Results from a Large Multicenter 323 
Cohort. J Alzheimers Dis. 2016;54(1):287-295. 324 

9. Lantero Rodriguez J, Karikari TK, Suárez-Calvet M, et al. Plasma p-tau181 accurately predicts 325 
Alzheimer's disease pathology at least 8 years prior to post-mortem and improves the clinical 326 
characterisation of cognitive decline. Acta Neuropathol. 2020;140(3):267-278. 327 

10. Ashton NJ, Pascoal TA, Karikari TK, et al. Plasma p-tau231: a new biomarker for incipient 328 
Alzheimer’s disease pathology. Acta Neuropathologica. 2021. 329 

11. Ashton NJ, Leuzy A, Karikari TK, et al. The validation status of blood biomarkers of amyloid 330 
and phospho-tau assessed with the 5-phase development framework for AD biomarkers. Eur 331 
J Nucl Med Mol Imaging. 2021;48(7):2140-2156. 332 

12. Mielke MM, Frank RD, Dage JL, et al. Comparison of Plasma Phosphorylated Tau Species With 333 
Amyloid and Tau Positron Emission Tomography, Neurodegeneration, Vascular Pathology, 334 
and Cognitive Outcomes. JAMA Neurology. 2021. 335 

13. Oppedal K, Borda MG, Ferreira D, Westman E, Aarsland D. European DLB consortium: 336 
diagnostic and prognostic biomarkers in dementia with Lewy bodies, a multicenter 337 
international initiative. Neurodegener Dis Manag. 2019;9(5):247-250. 338 

14. Karikari TK, Benedet AL, Ashton NJ, et al. Diagnostic performance and prediction of clinical 339 
progression of plasma phospho-tau181 in the Alzheimer's Disease Neuroimaging Initiative. 340 
Mol Psychiatry. 2021;26(2):429-442. 341 

15. Hall S, Janelidze S, Londos E, et al. Plasma Phospho-Tau Identifies Alzheimer's Co-Pathology 342 
in Patients with Lewy Body Disease. Mov Disord. 2021;36(3):767-771. 343 

16. Wallin ÅK, Blennow K, Zetterberg H, Londos E, Minthon L, Hansson O. CSF biomarkers predict 344 
a more malignant outcome in Alzheimer disease. Neurology. 2010;74(19):1531-1537. 345 

17. Skogseth R, Hortobágyi T, Soennesyn H, et al. Accuracy of Clinical Diagnosis of Dementia with 346 
Lewy Bodies versus Neuropathology. J Alzheimers Dis. 2017;59(4):1139-1152. 347 

  348 

Table and Figure Legends  349 

Figure 1. Plasma p-tau181 and p-tau231 concentrations in the different diagnostic groups and 350 

Aβ42 on CSF status in DLB 351 

 352 

a) This plot shows plasma p-tau181 and p-tau231 distribution across the different diagnostic groups. Dots represent 353 
means and the whiskers their confidence intervals. Baseline concentrations of plasma p-tau181 and p-tau231 in DLB 354 
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were significantly higher than those in the HC group but lower than in the AD group. These differences between 355 
groups at baseline were evaluated using a Bonferroni post hoc test. b) This plot shows plasma p-tau181 and p-tau231 356 

distribution in DLB with CSF Aβ42 status. Baseline concentrations of plasma p-tau181 and p-tau231 in DLB were 357 
significantly higher in the DLB group with abnormal CSF Aβ42 levels in both p-tau markers compared to those with 358 

normal CSF values. 359 

Abbreviations: (DLB) Dementia with Lewy bodies, (AD) Alzheimer’s disease, (PD) Parkinson’s disease, (HC) 360 
Healthy control, (pg/mL) picograms per milliliter, (Aβ42) amyloid-β42. 361 

 362 

Figure 2. Associations between plasma p-tau181 and p-tau231 and MMSE scores decline in 363 

DLB  364 

 365 

In this figure, the solid line shows the estimated marginal model for the MMSE scores for a typical subject at 366 
mean age and 1.5 years of follow-up in relation to plasma levels of a) p-tau181 and b) p-tau231. The gray area 367 

represents the CIs. 95% around the averages. Both graphs show the MMSE scores decline in function of the increase 368 
in plasma values of p-tau181 and p-tau231. 369 

Abbreviations:  (MMSE) Mini-Mental State Examination, (pg/mL) picograms per milliliter.  370 

 371 

Table 1. Baseline characteristics of the cohort 372 

 373 

 
DLB AD PD HC Total P-value 

  n (%) or mean ± sd   

Total 371 (37.6) 207 (20.9) 204 (20.7) 205 (20.8) 987 (100)   

Gender 
      

Female n (%) 159 (42.8) 121 (58.5) 79 (38.7) 116 (56.6) 475 (48.2) 
<.001 

Male n (%) 212 (57.2) 86 (41.5) 125 (61.3) 89 (43.4) 512 (51.8) 

Age  
71.84 ± 

8.04 
71.74 ± 8.00 

69.16 ± 

9.87 

65.12 ± 

8.04 

70.04 ± 

8.75 
<.001ab 

Year of education 9.2 ± 4.2 9.0 ± 4.0 9.9 ± 4.7 12.9 ± 3.6 9.79 ± 4.5 <.001a 

Duration of 

symptoms 
d
 

25.2 ± 30.3 25.6 ± 26.6 
71.5 ± 

62.9 
53.6 ± 61.1 41.2 ± 49.1 <.001b 

MMSE 21.7 ± 6.0 21.4 ± 5.3 26.9 ± 3.7 28.5 ± 1.7 23.2 ± 5.8 <.001ab 

Plasma p-231, 

pg/mL 
12.8 ± 6.6 16.9 ± 12.1 12.3 ± 6.8 11.0 ± 6.9 13.2 ± 8.4 <.001ac 

Plasma p-181, 

pg/mL 
18.2 ± 9.5 

28.7 ± 28.4 
17.0 ± 8.5 16.7 ± 18.5 18.1 ± 17.2 <.001ac 

Abnormal CSF 

Aβ42 levels (%) 
63 (17.0%) 

113 (47.0%) 
- - -  

a 
Differences between DLB and HC, 

b
 Differences between DLB and PD, 

c 
Differences between DLB and AD, 

d 374 
Duration in months from first motor or cognitive symptom. 375 

Abbreviations: (SD) Standard deviation, (DLB) Dementia with Lewy bodies, (AD) Alzheimer’s disease, (PD) 376 
Parkinson’s disease, (HC) Healthy control, (MMSE) Mini-Mental State Examination, (pg/mL) picograms per 377 

milliliter, (CSF) Cerebrospinal fluid. 378 

 379 


