medRxiv preprint doi: https://doi.org/10.1101/2024.12.20.24319360; this version posted March 24, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

1 Umbilical cord blood pTau217 and BD-tau are associated with
2 markers of neonatal hypoxia: a prospective cohort study

3

4 Emma Payne,’ Fernando Gonzalez-Ortiz,%* Kaitlin Kramer,*> Thomas Payne,*® Shreeya

5  Marathe,” Neha Mahajan,” Ashly Liu,” Jessica Barry,” Andrew Duckworth,> Mitchell Brookes,”

6 Bradley de Vries,G’7 Benjamin Moran,g’9 Helen Manning,10 Adrienne Gordon,“’6 Kaj
7 BIennow,2‘3 Henrik Zetterberg,“'12 David Zalcberg,“'5 Robert D. Sanders™>
8

9  Author affiliations:

10 1. St George Hospital, South Eastern Sydney Local Health District, New South Wales,
11 Australia

12 2. Department of Psychiatry and Neurochemistry, Institute of Neuroscience and
13 Physiology, the Sahlgrenska Academy at the University of Gothenburg, Mdlndal,
14 Sweden

15 3. Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Md&Indal,
16 Sweden

17 4. Central Clinical School, Faculty of Medicine and Health, The University of Sydney,
18 New South Wales, Australia

19 5. Department of Anaesthetics, Royal Prince Alfred Hospital, Sydney Local Health
20 District, New South Wales, Australia

21 6. Sydney Institute for Women, Children and their Babies, Sydney Local Health
22 District, New South Wales, Australia

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical praclice.


https://doi.org/10.1101/2024.12.20.24319360
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.12.20.24319360; this version posted March 24, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

It is made available under a CC-BY-NC-ND 4.0 International license .

7. NHMRC Clinical Trials Centre, The University of Sydney, New South Wales,
Australia

8. Critical Care Program, The George Institute of Global Health, Sydney, Australia.

9. Department of Intensive Care, Gosford Hospital, Gosford, Australia.

10. Dept of Obstetrics and Gynaecology, Central coast local health district, NSW

11. Department of Psychiatry and Neurochemistry, Institute of Neuroscience and
Physiology, the Sahlgrenska Academy at the University of Gothenburg, MéIndal,
Sweden

12. Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Molndal,

Sweden

* Corresponding authors: Emma Payne, David Zalcberg

email: emmapayne4114@gmail.com

address: St George Hospital, Gray St, Kogarah, NSW, 2217
phone: +61449554114

Word Count: 2903


https://doi.org/10.1101/2024.12.20.24319360
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.12.20.24319360; this version posted March 24, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

40  Abstract

411

42  Objective: Current methods for early detection of hypoxic—ischemic encephalopathy (HIE)
43  are limited by lack of specificity, cost, and time constraints. Blood tau protein concentrations
44  reflect neuropathology in adults. This study examines tau as a potential HIE biomarker in
45  neonates by relating cord blood levels to short-term fetomaternal outcomes. We aimed to
46  examine 1) association of BD-tau with non-reassuring fetal status; 2) correlations between
47  cord blood tau and other hypoxia biomarkers; 3) associations between tau levels and risk
48  factors for fetomaternal morbidity; 4) associations between tau levels and short-term
49  fetomaternal outcome.

50 Methods: 107 maternal participants were prospectively recruited at Royal Prince Alfred
51 Hospital—a large Australian tertiary referral centre. Simoa analysis detected umbilical cord
52  blood pTau217 and brain-derived (BD)-tau levels.

53  Results: Of 509 deliveries, cord blood was analysed in 107/110 recruited maternal
54  participants. BD-tau correlated with non-reassuring fetal status (OR=3.0;95%Cl=1.6—
55  5.7;p=0.001), though not when adjusting for mode of delivery and gestational age. BD-tau
56 was higher in vaginal deliveries, and positively associated with pTau217, NfL, and lactate
57  (p<0.001), and negatively associated with pH and base excess. pTau217 was higher in
58 preterm neonates and was associated with neurofilament light chain (Spearman’s
59  rho=0.44,p<0.001). BD-tau and pTau217 were associated with maternal hypertension and
60 placental abnormalities.

61  Conclusions: Cord blood BD-tau correlates with surrogate markers of fetal hypoxia, whilst
62  pTau2l7 may represent a marker of neurodevelopment. Further studies could explore

63  whether these findings translate to clinical use of tau as an HIE biomarker.
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68 Introduction

69

70  Hypoxic—ischemic encephalopathy (HIE)—a subtype of neonatal encephalopathy—is a
71  syndrome of central nervous system (CNS) dysfunction caused by abnormalities in cerebral
72 blood flow and impaired gas exchange perinatally, resulting in multiple organ failure.!
73 Approximately 40-60% of affected infants face mortality or severe neurodevelopmental
74  disability by two years of age.”

75

76  Risk factors for HIE can broadly be categorised into antepartum (including fetal and maternal
77  characteristics) and intrapartum factors. Understanding antepartum risk factors can
78 complement intrapartum monitoring techniques used to detect ‘non-reassuring fetal status’
79 as defined by pathological fetal heart rate traces and fetal scalp blood sampling. Together,
80 this information can identify fetuses at risk of hypoxic injury and guide decision-making
81  regarding the urgency of delivery. However, intrapartum monitoring techniques are limited
82 by a lack of specificity for pathological neurological damage, measurement difficulties, and
83  poor inter-user reliability.>*

84

85  The only proven neuroprotective treatment for HIE is therapeutic hypothermia (TH), which
86  has only been validated in term or late preterm neonates.”” Severity of HIE can be classified
87 as mild, moderate, or severe based on clinical signs and grading systems such as the
88  modified Sarnat score.® However, these scoring criteria are subjective, and grading may fail

89 to identify neonates at risk of long-term adverse neurological sequelae; research has

90  demonstrated abnormal neurological outcome in over 22% of cohorts of mild HIE.®> At this
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91 stage, TH is validated only in moderate to severe HIE, and there is insufficient evidence to
92  recommend TH for mild HIE cohorts.” Cord blood biomarkers may be helpful in identifying
93  subgroups of mild HIE who would benefit from TH. Further aids to establish aetiology and
94  severity of HIE include electroencephalogram (EEG) monitoring, and neuroimaging studies
95 including MRI and cranial ultrasound.*” These tools are limited by time and cost constraints,
96  require expert interpretation, and may be difficult to access in emergency situations.” This
97 indicates an ongoing need for objective, cost-effective, and rapid measures of identifying HIE
98 in order to appropriately identify subgroups of HIE patients that could benefit from early
99 intervention.
100
101  Real-time physiological biomarkers could address this gap in diagnosis and prognostication
102 by providing objective point-of-care testing. Current cord or whole blood markers such as
103 pH, lactate, and base excess remain non-specific for neurological injury.” Tau is a promising
104  biomarker of poor neurological outcome in adult cohorts with acute and chronic
105 neurological disease.?® Studies of tau in neonates has, to date, focused on correlation of
106  total blood tau and cerebral injury-related outcome measures. However, compared to total
107  blood tau, specific tau subtypes—in particular pTau217 and ‘brain-derived tau’ (BD-tau)—

0,11

108 have demonstrated greater specificity for adult neurological injury.'®'" This is the first study
109  to examine tau subtypes in a neonatal cohort.

110

111  Given the paucity of evidence addressing tau subtypes and fetomaternal outcome, we
112  conducted a prospective cohort study with the following aims:

113 1. Address feasibility of neonatal cord blood tau level measurement in an

114 Australian cohort.
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115 2. Assess the correlation between BD-tau and non-reassuring fetal status.

116 3. Assess correlations between cord blood tau—BD-tau, pTau217—and other
117 cord blood biomarkers, maternal and neonatal risk factors for
118 encephalopathy, and adverse outcome.

119

120 Materials and Methods

121

122 Study Population and Design

123

124  We performed a prospective cohort study of maternal and neonatal patients at the Royal
125  Prince Alfred Hospital (RPAH), a tertiary referral centre in Sydney, Australia. Maternal
126  participants of any age who were planned to birth at RPAH were eligible for study
127  recruitment. Recruitment occurred prospectively from October 2022 at any time from 4
128  weeks prior to estimated date of delivery to the immediate post-partum period (with the
129  option of retrospective consent). Trained recruiters obtained written, informed consent in
130  English for all maternal participants in antenatal visits or on the birthing unit. Participants
131  were excluded if they were non-English speaking, or had a history of psychological iliness or
132  other conditions that may interfere with capacity to provide informed consent after
133 appropriate counselling in English.

134

135  Recruitment was undertaken as part of the BABBies (Benefits of Analysing Brain Biomarkers
136  in perinatal care) Study—a prospective observational cohort study exploring the biomarkers

137  neurofilament light chain (NfL), BD-tau, and pTau217. Data were stored in Sydney Local
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138  Health District (SLHD) REDCap electronic database. Ethics approval was obtained from SLHD
139  Research and Ethics Committee (RPAH zone) (approval number: 2022/ETH01100). Our study
140  was performed according to the National Statement on Ethical Conduct in Human Research
141  (2007) and the CPMP/ICH Note for Guidance on Good Clinical Practice. Data reporting
142  adhered to Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
143  guidelines.

144

145 Cord Blood Collection and Analysis

146  Umbilical venous cord blood was collected by the attending midwife in the immediate
147  postpartum period. 1-3mL samples were collected and centrifuged in the RPAH Department
148  of Anaesthetics laboratory, and plasma samples were then stored in deidentified cryovials.
149

150 Tau was measured on the Simoa HD-X platform with two-fold dilution factor in plasma.

12,13

151  Plasma pTau2l17 and BD-tau were measured with previously validated assays. Signal
152  variations within and between analytical runs were assessed using three internal quality
153  control samples at the beginning and the end of each run.

154

155 Outcome Data Collection

156  Demographic and outcome data were collected from RPAH electronic and paper medical
157  records. Mode of delivery was classified categorically: vaginal delivery, emergency caesarean
158 section, and elective caesarean section. Placental abnormalities were defined as any
159  abnormality detected on placental ultrasound, on examination in the birth unit or in the

160 operating theatre, or histopathology. The composite term ‘histopathological placental

161  abnormality’ refers to only abnormalities detected on anatomical or histopathological
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162  examination per the 2014 Amsterdam Working Group nosology for classification of placental

14 .

163  clinicopathological disorders.”™ ‘Non-reassuring fetal status’ was defined as fetal blood

164  sampling showing a pH <7.20 or lactate >4.7,">

or intrapartum cardiotocography (CTG)
165 changes identified as ‘red zone’ criteria according to NSW Health electronic fetal monitoring
166  guidelines (Table S1)."” ‘Non-reassuring fetal status’ did not include participants incidentally
167  found to have abnormal umbilical cord blood values without meeting other criteria for non-
168  reassuring fetal status.

169

170 Outcomes

171  Our primary outcome was the association of BD-tau with non-reassuring fetal status. We
172  adjusted this analysis for gestational age and mode of delivery, given these variables have
173  previously been associated with both non-reassuring fetal status and cord blood
174  concentrations of other biomarkers of acidosis and anaerobic metabolism.*® Secondary
175 outcomes included the association of BD-tau and pTau2l7 with antenatal factors
176  (gestational age, head circumference, birthweight), other cord blood biomarkers, maternal
177  factors, delivery factors, and perinatal outcome. Resuscitation at birth was defined as
178  cardiorespiratory support required following drying, warming, and mechanical stimulation.®
179

180 Power Analysis

181  Our power analysis was based on the association of NfL with non-reassuring fetal status,
182  which is reported separately.?’ We used the previously reported baseline incidence of non-
183  reassuring fetal status of 16%."* Based on a two-sided t-test with 0=0.025, a sample size of
184 110 participants provides 80% power to detect a Cohen’s d of 0.8 (i.e., a large effect size).

185  The power analysis also applies to the primary outcome of this study, with a preserved type
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186 1 error rate of 0=0.05, as this value was halved a priori for the power calculation to account
187  for additional analysis.

188

189 Statistical Methods

190  Primary outcome

191 Both BD-tau and pTau217 concentrations showed a strong positive skew, hence were logio-
192  transformed for all analyses. To determine the association of BD-tau with non-reassuring
193  fetal status after adjusting for other variables, we used logistic regression (binomial family
194  with logit link) with maximum likelihood estimation of the model parameters. The
195  parametric G-formula was used to compute the mean risk difference from logistic regression
196 models.”’ We included a BD-tau*mode of delivery interaction in our model, as the
197  relationship between neuronal biomarkers and fetal outcome would likely vary by birth
198 route. To provide interpretable effect measures, we calculated the risk difference for the
199  outcome per increase in BD-tau by its interquartile range (Q3 — Q1). The relative association
200 of cord biomarkers with non-reassuring fetal status was quantified using the area under the
201  receiver operator curve (AUROC). The 95% confidence interval for the AUROC was calculated
202  using 2000 stratified bootstrap replicates.

203

204  Secondary outcomes

205  Bivariate biomarker correlations were assessed using rank-based nonparametric methods.
206  The relative strength of biomarker correlations was tested using the method described by
207 Meng, Rosenthal, and Rubin.* For continuous secondary outcomes, we used linear
208  regression with the ordinary least squares estimator for the model parameters. Associations

209  between biomarker concentrations and placental abnormalities were adjusted for low birth

10
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210  weight (defined as birth weight <2.5kg, per World Health Organisation definition).?* Binary
211  secondary outcomes were tested for linearity, and analysed in the same fashion as our
212 primary outcome.

213

214  We used a p-value <0.05 to denote statistical significance. No adjustments for multiple
215  comparisons were made in this preliminary study. All analyses were conducted in R using
216  RStudio {Version 2024.04.0; R Foundation for Statistical Computing, Vienna, Austria). The
217  ‘stats’ package was used for linear and generalised linear models. The ‘cocor’ package was
218  used to compare the strength of bivariate biomarker concentrations.”* The ‘plotROC’ and

219  ‘pROC’ packages were used for calculation and plotting of the AUROC.*

220

221 Results

222

223 Over the study period 24™ October 2022 to 9™ December 2022, 110 maternal study
224 participants were recruited from a total of 509 deliveries at RPAH. Cord blood was collected
225  for a total of 108 participants, of whom 107 had either BD-tau or pTau217 levels available;
226 105 had BD-tau values and 106 had pTau217 values (STROBE diagram: Figure S1). Cohort
227  demographic information is summarised in Table S2.

228

229  Primary outcome

230

231  Increased BD-tau was associated with a higher risk of non-reassuring fetal status; each IQR

232 increase in BD-tau was associated with an increased odds of fetal distress (OR=3.0; 95% Cl:

11
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233 1.6, 5.7; p=0.001). However, this relationship was no longer observed when adjusting for
234  mode of delivery and gestational age (OR=1.1; 95%CI=0.6, 1.2; p=0.667) (Table S3). BD-tau
235  was not associated with non-reassuring fetal status when stratifying within each individual
236  mode of delivery (Table S3). Comparative performances of BD-tau pH, lactate, and base
237  excess in predicting non-reassuring fetal status are displayed in Figure 1. There was no
238  association demonstrated between pTau217 and non-reassuring fetal status (Wilcoxon
239  p=0.62).

240

241  Secondary outcomes

242

243 Antenatal Factors

244

245 Relationship between tau and fetal factors

246

247  pTau2l7 was negatively associated with gestational age (Spearman’s rho=—0.25, p=0.0096).
248  pTau2l7 was also negatively associated with birthweight (Spearman’s rho=—0.23, p=0.019)
249  and head circumference (Spearman’s rho=—0.24, p=0.016), however, these associations were
250  not significant when controlling for gestational age (Table S4). BD-tau did not demonstrate
251  evidence of association with fetal parameters (Figure 2).

252

253 Relationship between tau and maternal factors

254

255 A total of 8 participants were classified as having maternal hypertension—either chronic

256  hypertension, gestational hypertension, or pre-eclampsia. Both BD-tau and pTau217 were

12
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257  positively associated with maternal hypertension (median BD-tau: 81.0 vs. 54.9pg/mL,
258  Wilcoxon p=0.026; median pTau217: 10.3 vs. 7.7pg/mL, Wilcoxon p=0.029), but were not
259  associated with other maternal health conditions (Figures S2 and S3).

260

261  Relationship between tau and intrapartum factors

262

263  BD-tau was associated with mode of delivery (Kruskal-Wallis p<0.001) (Figure 3), with BD-
264  tau levels being higher with vaginal delivery compared to CS. On pairwise comparisons, no
265  statistically significant difference was detected in BD-tau level between elective and
266  emergency CS (median 48.4 vs. 53.6pg/mL, Wilcoxon p=0.22). pTau217 did not demonstrate
267  a significant association with mode of delivery (Kruskal-Wallis p=.420). pTau2l17 was
268  negatively associated with the duration of the second stage of labour (Spearman rho —0.4,
269  p=0.042), whilst BD-tau and other biomarkers were not (Figure S4).

270

271  Correlation between tau and other biomarkers

272

273  Correlations between cord blood tau and other biomarkers are demonstrated in Figure 4.
274  BD-tau demonstrated a positive association with pTau217 (Spearman’s rho=0.66, p<0.001),
275  NfL (Spearman’s rho=0.58, p<0.001), and lactate (Spearman’s rho=0.34, p<0.001), and a
276  negative association with cord pH (Spearman’s rho=-0.29, p=0.003) and base excess
277  (Spearman’s rho=—0.35, p<0.001). pTau217 demonstrated a positive correlation with NfL
278  (Spearman’s rho=0.44, p<0.001), but was not associated with other biomarkers. We did not
279  observe evidence of a difference between pTau217 and BD-tau in the strength of the

280  positive correlation with NfL (z=1.48, p=0.140) (Table S5).

13
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281

282  Relationship between tau and fetoplacental outcome

283

284 A total of 11 participants had reported placental abnormalities, 6 of which were defined as
285  histopathological placental abnormalities (Appendix 1). Adjusting for low birth weight, the
286  presence of histopathological placental abnormalities was positively associated with BD-tau
287  and pTau217 (Table S6).

288

289  pTau2l7 levels were associated with preterm birth (median 7.7 in term participants vs.
290 12.2pg/mL in preterm participants; Wilcoxon p=0.010). In addition, pTau217 levels were
291  positively associated with respiratory complications (median 7.6 vs. 10.4pg/mL; Wilcoxon
292  p=0.012) and resuscitation requirement at birth (median pTau217: 7.6 vs. 10.2pg/mL;
293  Wilcoxon p=0.027), however these associations were not observed when adjusting for

294  preterm birth (Table S7).

295

296 Discussion

297

298 Main findings

299

300 Our study adds credence to the use of cord blood tau as a biomarker of neurodevelopment,
301 perinatal hypoxia, and CNS injury. It is the first to examine associations between
302 fetomaternal outcomes and cord blood subtypes of tau—BD-tau and pTau217. We observed

303 acorrelation between BD-tau and surrogate markers of hypoxia, including serum biomarkers

14
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304  of anaerobic metabolism and non-reassuring fetal status. Additionally, we found associations
305 between tau and maternal and fetoplacental factors that could contribute to increased
306 baseline risk of encephalopathy, including preterm birth, placental abnormalities, and
307 maternal hypertension. Understanding the relationship between the pathogenesis of
308 hypoxic brain injury, neuron-specific biomarkers, and clinically observed outcome could aid
309 diagnosis, prognosis, and treatment of patients suffering from HIE.

310

311 Clinical implications and future research

312

313 By addressing surrogate markers of fetal and neonatal hypoxia, our study of predominantly
314  ‘healthy’ participants aims to link blood tau levels with risk factors for HIE, and provide a
315 foundation for future research into the clinical use of cord blood tau in HIE diagnosis. Our
316  study demonstrated a strong correlation between tau levels and non-specific markers of
317 acidosis and anaerobic metabolism, such as neonatal pH and lactate levels, extending

1,18,26-28
h- 10,

318  previous researc Importantly, our study is the first to examine BD-tau specifically,

319  which offers an advantage over these traditional biomarkers due to its greater specificity for

18,26-28

320 central nervous system (CNS) injury. Previous studies have mainly involved case-

321  control analyses of HIE cohorts, demonstrating a positive correlation between early serum
322  taulevels, HIE diagnosis based on EEG and clinical criteria, as well as HIE severity.’®*®

323

324  The proposed role of tau as a surrogate marker of fetal hypoxia is further evidenced by the
325  correlation between early cord blood BD-tau and non-reassuring fetal status observed in this

326  study. This finding was not statistically significant when adjusting for mode of delivery and

327 gestational age. However, operative delivery is commonly performed for fetal distress, and

15
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328 adjusting for mode of delivery could therefore cause the association between BD-tau and
329 fetal distress to be underestimated. Fetal distress, indicated by pathological fetal heart rate
330 abnormalities, may signal early hypoxia compensation and correlate with neonatal acidosis,

331 low APGAR scores, NICU admission, and resuscitation.™>?°

However, CTG interpretation is
332 subjective, operator-dependent, and has low predictive value for long-term outcomes.?
333  Biomarkers like BD-tau could improve diagnostic specificity and guide interventions such as
334  therapeutic hypothermia. BD-tau may offer a more specific marker of neurological damage
335  compared current blood biomarkers.'®?¢2®

336

337  Our study also explored potential correlations between neonatal tau levels and antenatal
338 risk factors for adverse neurological outcomes. Macroscopic (e.g., cord knots, marginal cord
339 insertion) and microscopic (e.g., avascular villi) abnormalities in the ‘placenta—brain axis’
340 can contribute to intrauterine growth restriction and increased susceptibility of the fetal

341  brain to injury during acute stress.’***

We observed increased pTau217 levels in participants
342  with histopathological placental abnormalities. Our findings should prompt further
343  investigation into whether excessive tau phosphorylation may be related to aberrant
344  placental function, indicating potential increased risk of neurological injury.

345

346  Microscopic placental changes may also occur as a consequence of pre-eclampsia (PET).*
347  Non-PET hypertensive disorders may show some similar microvascular changes to a lesser
348 unknown degree, manifesting in increased neonatal stroke risk.**> Associations between
349 increased tau and hypertension should be further explored to identify patients with

350 microvascular placental changes who may be more vulnerable to physiologic stress and

351 sentinel intrapartum events.
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352
353  Phosphorylated tau (pTau217) showed a positive correlation with gestational age but not
354  hypoxic markers. While tau phosphorylation is essential for neuronal function, excessive

33,34

355  phosphorylation may contribute to neuronal dysfunction. In adults, pTau217 elevation

356 reflects blood-brain barrier disruption and protein aggregation rather than direct neuronal

33,34

357  injury. It remains unclear whether high neonatal pTau217 signals abnormal neuronal
358 development or increased neuropathology risk. Further research is needed to clarify these

359  mechanisms and define threshold levels for clinical significance.

360
361 Strengths and limitations

362

363  This study is the first to distinguish between specific tau subtypes—rather than relying solely
364  on total tau levels—paving the way for more precise diagnosis and prognosis. Correlations
365 between BD-tau and surrogate markers of hypoxia form a strong foundation for future
366 research into the use of cord blood tau in birth asphyxia screening. The successful sample
367 collection and analysis, using validated assays, highlights the potential for tau cord blood
368 measurement to feasibly be incorporated into neonatal care in an Australian context.

369

370 Limitations of this study included the relatively small sample size, from a single centre. In
371  addition, the largely ‘healthy’ maternal cohort and short-term follow-up limited adverse
372  outcome data. Also, our study only included static biomarker measurement at time of
373  delivery, missing serial neonatal samples. Late serum tau rises have been linked to
374  neurodevelopmental issues at 1-2 years,> highlighting the need for further research on

375 serial tau measurements.
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376
377 Conclusions

378

379  This study establishes BD-tau and pTau217 as potential biomarkers for fetal hypoxia and
380 neurological vulnerability. BD-tau correlated with fetal distress, cord lactate, and pH, while
381 phosphorylated tau levels linked to maternal hypertension and placental abnormalities.
382  Larger, longitudinal studies are needed to validate these findings and explore the integration
383  of tau biomarkers into neonatal screening tools.
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Figure Captions

Figure 1:

Receiver—operator curve (ROC) analysis of BD-tau, pH, base excess, and lactate in predicting
binary non-reassuring fetal status. (A) ROC for the generalised linear model predicting non-
reassuring fetal status and including the regressors: biomarker, mode of delivery, and
gestational age. (B) ROC for the generalised linear model predicting non-reassuring fetal
status and including the regressors: biomarker and mode of delivery. ROC for the biomarkers
only, including (C) all births, (D) excluding preterm births, (E) excluding elective caesarean

section, and (F) excluding elective CS and preterm birth.

Figure 2:
Correlation between BD-tau and pTau217 and fetal factors—birthweight, head
circumference, and gestational age. Spearman correlation coefficients are shown. Red dot:

elective Caesarean section (CS); blue dot: emergency CS; green dot: vaginal delivery.

Figure 3:

Correlation between tau and mode of delivery. A: Correlation between Log;o BD-tau and
mode of delivery. Wilcoxon p-values are shown for comparisons between individual modes
of delivery. B: Correlation between Logio pTau217 and mode of delivery. Red dot: elective

caesarean section (CS); blue dot: emergency CS; green dot: vaginal delivery.
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Figure 4.

Correlation between cord blood biomarkers. Association of BD-tau with Neurofilament light
chain (NfL) (n=105), pH {n=104), base excess (n=94), and lactate {n=103); association of
pTau217 and NfL (n=106), pH (n=105), base excess (n=95), and lactate (n=104). Red dot:

elective caesarean section (CS); blue dot: emergency CS; green dot: vaginal delivery.
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